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Abstract
Students and instructors are looking for effective study and instructional strategies that enhance
student achievement across a range of content and conditions. The current Special Issue features
seven articles and one report, which used varied methodologies to investigate the benefits of
practising retrieval and providing feedback for learning. This editorial serves as an introduction
and conceptual framework for these papers. Consistent with trends in the broader literature, the
research in this Special Issue goes beyond asking whether retrieval practice and feedback enhance
learning, but rather, when, for whom, and under what conditions. The first set of articles examined the benefits of retrieval practice compared to restudy (i.e., the testing effect) and various
moderators of the testing effect, including participants’ cognitive and personality characteristics
(Bertilsson et al., 2021) as well as the timing of the practice test and sleep (Kroneisen & KuepperTetzel, 2021). The second set of articles examined the efficacy of different types of feedback,
including complex versus simple feedback (Enders et al., 2021; Pieper et al., 2021) and positively
or negatively valenced feedback (Jones et al., 2021). Finally, the third set of articles to this Special
Issue examined practical considerations of implementing both retrieval practice and feedback
with educationally relevant materials and contexts. Some of the practical issues examined included when students should search the web to look for answers to practice problems (Giebl et al.,
2021), whether review quizzes should be required and contribute to students’ final grades (den
Boer et al., 2021), and how digital learning environments should be designed to teach students to
use effective study strategies such as retrieval practice (Endres et al., 2021). In short, retrieval and
feedback practices are effective and robust tools to enhance learning and teaching, and the papers
in the current Special Issue provide insight into ways for students and teachers to implement
these strategies.
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Teachers at all levels of education, including readers of Psychology Learning and Teaching, aim
to provide high-quality instruction and educational experiences to their students. From very
different research backgrounds, researchers are eager to contribute to a broad empirical basis
for the decisions that teachers must make in order to enhance student learning and achievement. We are very fortunate to highlight articles in the current Special Issue representing
various empirical approaches from education, psychology, and cognitive neuroscience to
improve learning and teaching. Despite the diversity in their methodologies and contexts,
the contributions in this Special Issue have one key feature in common: they examine the
learning benefits brought about by practising retrieving one’s knowledge and receiving feedback. Given that we, psychology instructors, teach our students the value of evidence-based
practice, the way that we teach should be grounded in empirical evidence as well. The articles
presented in this Special Issue contribute to a broad literature on the science of learning and
teaching by providing new evidence regarding how to implement retrieval practice and feedback in educational settings in a manner that maximizes student learning.

The Testing Effect
The testing effect refers to the finding that tests are not merely opportunities to assess one’s
learning but are potent learning opportunities themselves. More than a century of research
has revealed that retrieving previously studied information enhances subsequent memory for
that information (Abbott, 1909; for reviews, see Roediger & Butler, 2011; Roediger &
Karpicke, 2006; Rowland, 2014). For example, Roediger and Karpicke (2006) had participants read a series of brief passages (e.g., ‘The Sun’, ‘Sea Otters’) and then reread the
passages or try to retrieve as much information from the passages as possible. On subsequent test days or weeks later, participants recalled significantly more information from the
passages if they had practiced retrieval rather than rereading. Indeed, a meta-analysis of lab
experiments determined that, on average, information is 2.5 times more likely to be recalled
on subsequent tests if it was reviewed through retrieval practice compared to restudying
(Rowland, 2014). The testing effect is not limited to the lab, though. Other meta-analyses
have found similar sized benefits of incorporating retrieval-practice activities (e.g., flashcards, multiple-choice quizzes, short answer review questions) into classes with different
aged students and different types of course content (Adesope et al., 2017; Schwieren
et al., 2017; Sotola & Crede, 2020). For example, Sotola and Crede (2020) found that,
across 52 independent classroom studies, students were 2.5 times more likely to pass a
course if their instructor incorporated frequent low-stakes quizzing than if the instructor
did not. Interestingly, the benefits of frequent low-stakes quizzing were higher in psychology
courses than other types of courses.
Despite the strength of the testing effect and the myriad of contexts in which it has been
observed, many moderators have been identified. Thus, research on the testing effect is no
longer asking whether retrieval practice enhances learning, but rather, for whom does
retrieval practice enhance learning, for which types of content, and under what conditions.
The studies reported in this Special Issue contribute to these testing effect research priorities
by identifying potential moderators and characterizing their effects on learning with a variety of retrieval-practice based tasks and materials (true–false quizzes, computer programming tasks, written reflections, formative vs. summative assessments, foreign-language
translations, probabilistic learning) in diverse settings (lab, in-person materials science
course, online psychology course, pre-service teacher course).
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Moderators of the Testing Effect: An Overview
Potential moderators of the testing effect can broadly be classified as pertaining to learner
characteristics (e.g., working memory capacity), the materials (e.g., simple definitions vs.
complex math problems), the retrieval task (e.g., free recall vs. multiple choice), and the
learning context (e.g., the timing and use of practice tests in a course; Figure 1). The lines
connecting the four classes of moderators signify the interactions between moderators.
For example, Butler and colleagues (2013) examined whether the effect of the retrieval
task (e.g., elaborate feedback versus correct-answer feedback) depended upon the materials
(e.g., facts versus concepts). The examples provided in Figure 1 are meant to illustrate a
classification of potential moderators of the testing effect but are not comprehensive of all
the potential moderators that are worth examining. Furthermore, not all of the potential
moderators listed in Figure 1 have necessarily been investigated or supported by empirical
research. A comprehensive review of the moderators of the testing effect is outside the scope
of this Introduction. Our aim with Figure 1 is to provide a classification of potential
moderators as a way to organize existing research (for a similar approach, see Dunlosky
et al., 2013), inspire future research, and facilitate broader conclusions about moderators of
the testing effect and interactions between moderators.
The studies reported in this Special Issue investigated all four types of potential moderators (indicated by an * in Figure 1). In terms of features of the retrieval task, multiple
articles compared different types of feedback, including feedback versus no feedback (Pieper
et al., 2021), correct-answer feedback with explanations versus correct-answer only feedback
(Enders et al., 2021), and positive versus negative feedback (Jones et al., 2021). Furthermore,
three studies in the current Special Issue examined characteristics of the learning context.
Den Boer and colleagues examined whether the benefits of retrieval practice varied depending upon whether the retrieval practice was required for a course. Others in this Special Issue
examined the optimal timing of the retrieval-practice task. For optimal learning, should a
retrieval-practice activity be administered immediately after learning or two hours later
(Kroneisen & Kuepper-Tetzel, 2021)? Can a retrieval task enhance learning if it is administered as a pre-test (i.e., before all of the relevant content has been taught; Giebl et al.,
2021)? Finally, one study in the Special Issue also examined a feature of the materials:
Enders and colleagues examined item difficulty (i.e., whether the student could answer the
question correctly; see Table 1).
Understanding the features of the materials, retrieval task, and learning context that
moderate the testing effect has important practical implications. If researchers can identify,
say, the optimal type of retrieval task, timing of the retrieval task, and type of feedback to
provide in a given context, then these insights can be shared with instructors to maximize
student learning. However, just as important as the features of the retrieval task are the
characteristics of the student. Predicting who will benefit from retrieval practice is key, if
retrieval practice enhances learning for only a subset of students (e.g., Carpenter et al., 2016;
Minear et al., 2018).
Many of the articles in this Special Issue also examined characteristics of the learner,
including grit, working memory capacity, need for cognition, self-efficacy, anxiety, and sleep
(see Table 1). These characteristics can be measured and observed about the learner, regardless of the retrieval-practice task or content with which they are engaging. However, critically, many characteristics of a learner are not static traits, but vary depending upon the
materials and learning task conditions. For example, a learner does not always have low
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Figure 1. Potential moderators of the testing effect can broadly be classified as pertaining to learner
characteristics, the materials, the retrieval task, and the learning context. The examples provided are
illustrative and not comprehensive. The interactions among any of the classes of moderators may be
examined, too, as indicated by the lines connecting the four classes of moderators. This model was inspired
by Jenkins’ (1979) tetrahedral model of memory experiments. * Indicates that the potential moderator was
investigated in at least one of the studies in this Special Issue.

levels of interest or knowledge, but rather, their interest and knowledge varies across courses
and tasks. Den Boer and colleagues examined students’ interest and study time with content
from a Materials Science course. Similarly, Giebl and colleagues examined students’ prior
content knowledge related to computer programming.
An important and timely testing effect research question is how these moderators interact. For example, Minear and colleagues (2018) examined how fluid intelligence (gF)
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interacted with item difficulty to moderate the testing effect. High gF participants showed a
larger testing effect for difficult compared to easy items; in contrast, low gF participants
showed a larger testing effect for easy compared to difficult items. Articles reported in this
Special Issue also examined the interaction between different classes of moderators. For
example, Kroneisen and Kuepper-Tetzel asked whether the effect of the timing of the task
(immediately after learning vs. two hours later) depended upon when one would sleep (e.g.,
immediately after retrieval practice vs. several hours after retrieval practice); Jones and
colleagues examined whether the valence of feedback (positive vs. negative) depended
upon the learner’s level of anxiety; and Giebl and colleagues examined whether the benefit
of the retrieval task (pre-testing vs. no pre-testing) depended on prior knowledge.

Lab-Based Investigation of Moderators in the Special Issue
One approach to investigating moderators of the testing effect is to conduct tightly controlled lab-based experiments. The benefits of a lab-based approach to researching moderators is that it allows researchers to manipulate or observe specific potential moderators,
while controlling for other confounding variables. For example, in a study of the testing
effect in a university biology classroom, Carpenter and colleagues (2016) found that higher
performing students benefited from retrieval practice more than copying down information,
but middle and lower performing students benefited more from copying than retrieval practice. Although prior course performance seemingly moderated the testing effect, course
performance could have been a proxy for a range of other individual difference variables
besides prior knowledge (e.g., working memory capacity, interest in the course material,
average amount of sleep). Therefore, lab-based studies offer an important complement to
the more ecologically valid classroom studies because they allow for more precise examination of individual moderators. Despite increased experimental control, lab-based studies can
still closely reflect the type of learning that students do in genuine classes. Indeed, studies in
this Special Issue have taken such an approach, conducting lab-based experiments of the
testing effect with educationally relevant materials such as foreign-language transitions
(Bertilsson et al., 2021; Kroneisen & Kuepper-Tetzel, 2021) and computer programming
(Giebl et al., 2021; see Table 1).
Bertilsson and colleagues examined individual differences in cognitive and personality
traits, specifically working memory capacity, grit (i.e., perseverance and passion for longterm goals), and need for cognition (the tendency for an individual to engage in and enjoy
thinking), which have all been shown to relate to academic achievement (e.g., Cowan, 2014;
Duckworth & Quinn, 2009; Sadowski & Gulgoz, 1992). Participants learned Swahili–
Swedish translations and then reviewed the translations through restudy or retrieval practice
with corrective feedback. On a final test of the Swahili words five minutes, one week, and
four weeks after review, participants correctly recalled significantly more Swedish translations in the retrieval practice than the restudy condition. Thus, a testing effect emerged.
However, the size of the testing effect was not moderated by the participant’s working
memory capacity, grit, or need for cognition.
Bertilsson and colleagues’ finding contributes to the mixed literature on the relationship
between working memory capacity and the testing effect, which has revealed a positive
association (Tse & Pu, 2012), a negative association (Agarwal et al., 2017), and no association (Bertilsson et al., 2017; Brewer & Unsworth, 2012; Minear et al., 2018; WiklundH€
ornqvist et al., 2014) between working memory capacity and the size of the testing
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effect. Thus, future research should aim to identify the circumstances under which working
memory is related to the size of the testing effect, which will have both practical and theoretical implications. We encourage future research on working memory capacity and the
testing effect to closely consider measurement issues. The degree to which one can estimate
the effect of working memory capacity on the testing effect is limited by the reliability of the
working memory estimate. Therefore, future research should aim to collect a sample with a
large range of working memory capacities, use multiple measures of working memory
capacity, and treat these measures as indicators of working memory capacity as a latent
variable. Through structural equation modelling, one could then determine the relation of
working memory capacity and the testing effect, free of the measurement error associated
with estimating working memory (e.g., Engle & Kane, 2004; Kane et al., 2005). This analytic
approach should allow for more precision, and perhaps consistency in the literature, in
understanding how working memory moderates the size of the testing effect.
In addition to contributing to the relatively nascent literature on cognitive differences and
the testing effect, Bertilsson and colleagues’ study is among the first to examine personality
differences and the testing effect. Consistent with prior research, their study found that grit
and need for cognition did not moderate the magnitude of the testing effect. However,
examining the association between personality and the size of testing effect may be a worthwhile direction for future research since it has been repeatedly shown that personality traits
can predict academic performance above and beyond measures of cognitive functioning
(e.g., O’Connor & Paunonen, 2007). Until new findings emerge, though, students and
teachers can feel relatively confident that retrieval practice will benefit learning – at least
of vocabulary definitions or translations – regardless of various student traits (see Table 2).
Beyond differences in learners’ cognitive abilities and personalities, the testing effect may
be moderated by learners’ lifestyles, such as their study and sleep schedules. Kroneisen and
Kuepper-Tetzel examined the degree to which learning from a practice test depended upon
when participants took the practice test and whether they slept during retention.
Participants studied Polish–German vocabulary translations, reviewed the translations
through a practice test without feedback, and then took a final test 12 hours later.
Participants took the practice test either immediately after initial learning or two hours
later; participants also either stayed awake for the 12 hours between initial learning and
the final test or slept during those 12 hours. When controlling for practice test performance,
both timing of the practice test and sleep affected final test performance. Participants
remembered more on the final test following an immediate practice test and if they slept
during the delay before the final test. Kroneisen and Kuepper-Tetzel’s results highlight the
importance of considering possible interactions between moderators. The authors found
that the beneficial effects of sleep on final test performance were larger in the immediate
than the delayed practice test condition. Thus, this study in the Special Issue supports the
important role of sleep in learning, memory, and academic performance (e.g., Curcio et al.,
2006; Diekelmann & Bjorn, 2010; Lowe et al., 2017) and initiates an interesting new line of
research focused on how sleep and study schedules interact to affect learning from tests.
Thus, students should focus not just on how they study, but when they study, and prioritize
incorporating sleep before an exam (see Table 2).
More broadly, Kroneisen and Kuepper-Tetzel’s study is an example of an important
direction for future applied research on the testing effect. Testing has been shown to enhance
learning, but there are many other beneficial study techniques (Soderstrom et al., 2015). The
most apparent combination is between retrieval practice and spaced learning. Many of the
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Table 2. Practical Advice for Students and Teachers from Papers in the Special Issue.
Authors

Advice for Students

Advice for Teachers

Bertilsson et al.,
2021

Practice testing yourself, even
when it feels difficult.

Kroneisen &
KuepperTetzel, 2021

If you do not have time to sleep
after learning, delay retrieval
practice after initial learning to
enhance long-term memory.
Try to solve a problem before
you look up the answer.
See the benefits of negative
feedback: as an anxious
person you might learn more
than from positive feedback.
Seek explanations for questions
you answered incorrectly.
Seek expert feedback on your
self-reflections of your performance on complex tasks.
Test yourself on the course
materials before the next lecture in order to stay motivated and assess your current
level of knowledge.
Take part in an online learningstrategy module when transitioning to university.

Create opportunities for retrieval practice,
even if your students will have difficulties at
times.
Emphasize the value of sleep and delaying
retrieval practice but acknowledge that the
value of delaying retrieval practice may
depend on sleep.
Use questions or problems to introduce a
lesson, not just for practice after the lesson.
Provide both positive and negative feedback in
order to support different students.

Giebl et al.,
2021
Jones et al.,
2021

Enders et al.,
2021
Pieper et al.,
2021
den Boer et al.
2021

Endres et al.,
2021

Provide elaborate feedback, even for simple
true–false questions.
Provide elaborate feedback on performance,
even on self-reflections.
Incorporate low-stakes tests (rather than
high-stakes tests) throughout the term to
enhance students’ motivation and longterm learning.
Implement practice schedules to challenge
students with low, medium, and high prior
learning-strategy knowledge at retrieval.

Note: The advice for students and teachers in this table is grounded in the results of seven articles and one report in this
Special Issue. However, some of this advice is based on results from the laboratory, whereas other advice is based on
results from more ecologically valid field studies. More research is needed to systematically evaluate this advice with a
variety of course content and students.

retrieval-practice studies include spaced retrieval in the experimental designs. Future
research should examine whether the benefits of testing can be combined with other effective
learning strategies to produce even larger learning gains (e.g., Kubik et al., 2020; Miyatsu &
McDaniel, 2019). Relevant to Kroneisen and Kuepper-Tetzel’s study, B€auml and colleagues
(2014) compared retrieval practice to restudying when combined with sleep or wakefulness.
Although sleep has repeatedly been shown to enhance memory (Ashworth et al., 2013;
Diekelmann & Born, 2010), B€auml and colleagues (2014) found that sleep enhanced
memory after restudying, but only had a minimal impact memory after retrieval practice.
That is, adding another learning benefit (brought about by sleep) to testing conferred little
additional benefit to memory (but see Abel et al., 2019; Mazza et al., 2016). More research is
needed to better understand when retrieval practice should be combined with other productive techniques to optimize students’ learning.
Taken together, the lab-based studies of moderators of the testing effect in this Special
Issue (see Table 1) contribute to the growing body of research on moderators of the testing
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effect. However, we emphasize that more research is needed before we can make empirically
sound recommendations to teachers and students regarding who should engage in retrieval
practice and when. Furthermore, we encourage using these studies as a guide for future
investigations of the testing effect. Specifically, future research should continue to test
moderators of the testing effect, but also examine potential interactions between moderators
as well as the combined effect of testing and other effective study strategies. As the studies
described in the next section demonstrate, the interaction between feedback and the testing
effect is a particularly rich area for future research.

Maximizing the Benefits of Formative Testing: Providing Feedback
One powerful tool to maximize learning is to provide feedback to students (Butler &
Woodward, 2018; Wisniewski et al., 2020). Feedback typically contains information
about one’s current task performance or level of understanding and can in turn enhance
learning (Hattie & Timperley, 2007; Kluger & DeNisi, 1996; Wisniewski et al., 2020). Many
of the articles in this Special Issue examined the benefits of feedback in combination with
retrieval practice (den Boer et al., 2021; Enders et al., 2021; Jones et al., 2021; Pieper et al.,
2021) or included feedback to enhance learning, even when it was not the main objective of
the study (den Boer et al., 2021; Endres et al., 2021).

Feedback as an Effective Complement to Test-based Learning
As reported in the previous section, retrieval practice robustly enhances long-term learning,
and students and instructors can capitalize on this testing benefit through various forms of
formative assessment. However, retrieval practice can also have negative consequences. For
example, multiple-choice practice tests may induce errors and misconceptions from exposure
to the incorrect alternative answer choices (cf. Butler & Woodward, 2018). However, prior
meta-analytic studies revealed that feedback ameliorated these potential negative side effects
of testing and magnified its benefits in both lab-based studies (Rowland et al., 2014) and
more applied classroom studies (Phelps, 2012, 2019; Schwieren et al., 2017; Wisniewski
et al., 2020). The benefit of feedback pertains to myriad educational levels, subjects (including psychology, see Schwieren et al., 2017), feedback timing (immediate vs. delayed), and
task materials (e.g., simple vs. complex; e.g., Van der Kleij et al., 2015). When considering
435 studies, a recent meta-analysis (Wisniewski et al., 2020) revealed a medium positive
effect size of feedback (d ¼ 0.48) on student learning. To conclude, it is generally advisable to
provide feedback when students take formative tests, particularly when feedback can be
conveniently delivered digitally (Enders et al., 2021) – a requirement for remote education
during the current Covid-19 pandemic.

What is the Optimal Type of Feedback? Considering Levels of Feedback and Moderators
A recent meta-analytic study revealed a huge variability in the effectiveness of feedback
(Wisniewski et al., 2020). It often fosters students’ learning and achievement, for example,
when it is geared towards task performance (Enders et al., 2021; for an overview, see Klej
et al., 2015) or self-regulation (Pieper et al., 2021). However, feedback can also be detrimental to learning, for example, when it involves personal evaluations of abilities (e.g.,
praising the students’ mathematical talent; Brooks et al., 2019). As a result, students or
children may rather attribute their success to their stable abilities, and eventually become
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less motivated to increase effort or to improve specific study strategies, specifically when
facing negative feedback (Gundersson et al., 2017).
As feedback can both engender positive and negative effects on learning and can be
implemented in various forms, feedback must be treated as a complex construct (cf.
Wisniewski et al., 2020). Feedback can be viewed as providing information on various
levels (Hattie & Timperley, 2007):
• task performance (the task level; Enders et al., 2021; Jones et al., 2021), such as ‘This
response was correct.’
• students’ strategies on how to perform or solve the task (processing level, see Pieper et al.,
2021), such as ‘This strategy worked well for this type of task.’
• students’ habits to monitor, evaluate, and regulate task strategies to attain the learning
goal (self-regulation level, see Pieper et al., 2021), such as ‘You can more often monitor
and evaluate whether you have made progress toward your original learning goals, considering the remaining time for the task.’
• students’ abilities (self-level), such as ‘You are mathematically gifted!’
Being such a multifaceted phenomenon, current research no longer examines the global
benefits of feedback but rather addresses specific feedback levels. The task level has been
relatively well-studied but the self-regulation level has hardly been investigated (Brooks
et al., 2019; Butler & Woodward, 2018). Several studies reported in the Special Issue contributed in this regard by examining feedback on the task level (Enders et al., 2021; Jones
et al., 2021) as well as the levels of processing and self-regulation (Pieper et al., 2021).
Across and within these four feedback levels, one major research question is to understand the heterogeneity of feedback benefits, and to identify the critical moderators.
For example, it has been shown that feedback is more efficient when it is delayed (compared
to immediate feedback, Butler et al., 2007; Rowland, 2014), and when the outcome of
interest is cognitive (e.g., learning performance) compared to motivational (e.g., intrinsic
motivation; Wisniewski et al., 2020). Beside these and other moderators (see Kluger &
DeNisi, 1996; Shute, 2008; Van der Kleij et al., 2015; Wisniewski et al., 2020), it is critical
to examine the optimal design of feedback – aspects that are inherent to the specific feedback procedure.
How can feedback most effectively improve test-based learning? Several studies in this
Special Issue investigated two major components: the valence of the feedback (i.e., negative
versus positive feedback) and the complexity of the feedback message (right/wrong feedback, corrective-answer feedback vs. correct-answer feedback with explanations; Butler
et al., 2013). Surprisingly, there is sparse research on the relative benefits of these different
types of feedback on the task level and the self-regulation level (cf., Brooks et al., 2019;
Butler & Woodward, 2018; Wisniewski et al., 2020). To this end, the studies reported in the
Special Issue make valuable contributions to the field, covering both lab-based investigations and applied field studies using digital formats.
The article by Jones and colleagues examined the valence of feedback in a lab-based study
at the task level. They implemented a simple probabilistic learning task with anxious versus
non-anxious learners and assessed learners’ reactions to positive versus negative feedback
through a specific component of the event-related potential (ERP measured via the electroencephalogram). Strikingly, the results revealed that highly anxious people expected negative feedback, as indicated by reduced ERP change, and predominantly learned from
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negative feedback, whereas non-anxious learners expected and profited more from positive
feedback. This contribution highlights the importance of learner characteristics as potential
moderators of the effects of different feedback types. Future research is encouraged to more
systematically include interindividual difference variables to unravel potential aptitude–
treatment interactions that help to understand why positive versus negative feedback may
be beneficial in one population but not in the other. Furthermore, this study of the Special
Issue suggests an innovative approach to instructional research that more systematically
includes brain-physiological indicators to further inform both underlying mechanisms of
feedback processing as well as practical guidelines for learning and teaching (see also
Jonsson et al., 2020; Wiklund-H€
ornqvist et al., 2017).
In addition to the valence of feedback, current research attempts to enhance the efficacy
of feedback by increasing the complexity of the feedback message on the task level (Butler
et al., 2013; Van der Kleij et al., 2015). The article by Enders and colleagues takes up this
timely issue and examines whether elaborate (correct-answer feedback with explanation)
feedback versus corrective (correct-answer only) feedback benefits fact-based knowledge
acquisition above and beyond potential direct effects of formative testing in a real-world
digital educational setting. More specifically, students in a psychology course at a distance
university answered verbal statements with true–false questions, and immediately received
corrective or elaborate feedback. On a final test after a self-regulated delay, students profited
more from elaborate feedback than corrective feedback, particularly for questions that they
had initially answered incorrectly. The study by Enders et al. exemplifies an important line
of research aimed at maximizing the benefits of retrieval practice and feedback in formative
testing settings. It is notable that students increasingly acquire fact-based knowledge
through quizzing in addition or even as alternative to attending the lectures and reading
the course materials (Marsh et al., 2007; Roediger & Marsh, 2005). Future research needs to
generalize the positive effects of elaborate feedback with different materials and outcome
variables (learning transfer, cf. Butler et al., 2013).
Beyond providing diagnostic information on task performance, feedback can also include
hints on how to solve the task at hand and suggestions to improve the self-regulated use of
various task strategies. Pieper and colleagues (2021) adopted this broader perspective by
examining whether student teachers can improve their reflection skills based on expert
feedback via a digital platform. In a field experiment, student teachers wrote two reflective
journals about their teaching practices, upon which they either obtained high-information
feedback on their journal entry or not. For example, students received elaborate feedback
about their reflections on the goals of the lessons they taught, which aspects of their teaching
were sufficiently addressed in their reflections, on the analysis of their teaching quality, and
on their plan to improve their lessons going forward. The results showed that highinformation feedback on reflective journaling improved the quality of the student teachers’
later reflections as well as their conceptual knowledge about reflective journaling. Future
research should examine how helping student teachers improve their self-reflections can
translate into improved lessons and student learning. Future research should also consider
interactions with other moderators more systematically such as the timing of feedback and
learners’ prior expertise (cf. Nückles et al., 2020; Roelle et al., 2011). This article in the
Special Issue exemplifies an important yet underexplored line of research; it highlights the
effectiveness of incorporating feedback on processing and self-regulation, not just task performance, in the context of journal-writing-to-learn (cf. Nückles et al., 2020). It is often
important for learners to receive feedback on the ultimate level of task performance and
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learning that they are aiming for as well as strategies for how to achieve that desired target
state of learning, not just feedback on how their current state of learning does meet the
target state. To know ‘Where am I going?’ and ‘Where to next?’ (Hattie & Timplerley, 2007,
p. 87) may be particularly beneficial for fostering more complex skills (e.g., reflections) in
comparison to acquiring simple facts or vocabulary.

Why Does Feedback Enhance Test-based Learning?
As discussed above, feedback is a broad, multifaceted instructional strategy, including many
variants, which likely affect learning through different mechanisms. Task-level feedback
provides diagnostic information for the learner regarding whether the to-be-learned contents were correctly recalled. Such metacognitive information help learners to reduce the
discrepancy between actual and desired states of learning and to enhance subsequent restudy
activities (cf. Butler & Woodward, 2018; Hattie & Timperley, 2007). For example, providing
feedback helps students to correct previous errors (e.g., Pashler et al., 2005), to maintain the
correct answers (Butler et al., 2008), or to focus on closing specific knowledge gaps (i.e., nonrecalled learning contents) in subsequent learning opportunities. With more complex materials, feedback that encourages students to close knowledge gaps may not only lead students
to correct errors related to isolated facts or details but may also induce broader conceptual
change such as revising misconceptions (Corral & Carpenter, 2020). Thus, feedback after a
retrieval-practice opportunity not only directly benefits learning, but also supports accurate
metacognition and improved subsequent studying (McDaniel & Little, 2019; Roediger et al.,
2011). Complex or high-information feedback also addresses the processing and selfregulation levels, include multiple, cyclic stages of continuous learning, assessment, and
feedback processing (cf. Bangert-Drowns et al., 1991). Such a macro-theory of feedback
incorporates interactions of various factors of prior knowledge and motivation, belief, and
students’ feedback evaluation. Future research should systematically test different types and
levels of feedback in order to understand when and why feedback enhances learning. This
helps to inform and perhaps connect theories of feedback that are directed towards a specific
level (cf. Butler & Woodward, 2018) or attempt to cover all levels and their interactions (cf.
Bangert-Drowns et al., 1991).
Taken together, the lab-based studies and applied studies in natural settings of this
Special Issue contributed to the prominent research field of feedback practices – a powerful
means to boost students’ learning and achievement (Hattie & Timperley, 2007). As reported,
feedback seems to be more effective the more information it contains: providing an explanation fosters additional knowledge acquisition and high-information feedback on processing and self-regulation enhances reflection skills. Note also that learner characteristics such
as anxiety may play a critical role for the relative effectiveness of different feedback types as
demonstrated in the effect of feedback valence. Future research is encouraged to further
examine interindividual differences and employ neurophysiological measures of feedback
processing. From an educational perspective, implementing feedback procedures involves
trading off their efficiency with incurring time costs. Future work should more systematically consider time on task – a limited resource in educational settings – and also to compare
feedback procedures within these given time restrictions (cf. Hays et al., 2010).
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Applying Retrieval-based and Feedback-based Activities in
Educational Contexts
Retrieval practice can be implemented efficiently in class in diverse ways such as discussion
questions, quizzes, concept maps (cf. Franzis et al., 2020), or reflecting upon prior performance (Pieper et al., 2021). In lab-studies and in applied settings, the above papers of the
Special Issue targeted moderators affecting when and why retrieval practice enhance learning, and how feedback can be used to maximize the impact of retrieval practice. Some
papers took a broader perspective on retrieval-based and feedback-based learning in educational contexts, which is timely as learning contexts are expanding and changing due to
technological advances. Research on learning and instruction must consider that standard
educational contexts now extend beyond the lecture hall and include computer-based readings, lectures, and review activities that students complete on their own time with access to
the internet. Web technology shapes information processing habits by making information
easily available (e.g., Storm et al., 2017), which can have both positive and negative consequences. On the one hand, access to the internet enables students to bypass retrieval
practice and immediately search the internet for answers, perhaps impairing learning
(Giebl et al., 2021). On the other hand, web technology creates new opportunities to
improve educational contexts by seamlessly incorporating frequent test-based learning
opportunities into courses (Enders et al., 2021; cf. Howe et al., 2018; Nevid et al., 2020).
With retrieval practice being easy to digitally implement in courses, it begs the question of
how retrieval-practice opportunities should contribute to a course grade. In the current
Special Issue, den Boer and colleagues provided evidence that retrieval-practice opportunities can be treated as formative assessments (rather than contributing significantly to one’s
final grade) and still enhance learning. Finally, with significant evidence that retrieval practice enhances learning in both lab and classroom settings, an important question is how to
encourage students to use retrieval practice and other effective learning techniques in their
own self-regulated studying. Endres and colleagues reported on studies leading to the design
of an online tool to teach university students about effective study strategies and how to
implement these strategies. Web-technology enables universities to teach a large number of
students about effective study strategies at once regardless of whether they are taking
courses in a traditional or hybrid format (cf. Powers et al., 2016).

Searching Memory Before Searching the Web
Many contributions of this Special Issue investigated how to support durable long-term
memory via effortful retrieval practice and feedback. This research on how to work hard to
memorize facts might at first sight seem peculiar and outdated given the wealth of knowledge that can be accessed via the internet. In academic settings, memory is not only useful
for storing facts and concepts, but also for storing skills on how to utilize external sources
such as the internet in our work. Without having background factual knowledge, we would
not know which terms to search for on the internet or sources to examine in order to gain
further knowledge. The hen-and-egg problem might materialize as a mouse-and-memory
problem. Given the wealth of sources available, at least some accumulation of factual
knowledge might be necessary before one can profit from external resources. Accordingly,
Giebl and colleagues took into account the availability of easily accessible external resources
as a characteristic of current learning environments. Using programming knowledge as a
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test case, the authors investigated whether and which participants would profit from being
nudged into retrieval practice before consulting the internet for answers. Relative to participants who immediately consulted the internet for answers to the programming problems,
participants who first attempted to solve the problem independently before consulting the
internet performed better on a final test that included similar problems as well as easier,
more basic problems. However, attempting to retrieve from memory first before searching
the web seemed more helpful for students with at least some programming knowledge
compared to students with no prior programming knowledge. While prior research has
identified changes in memory and potential cognitive costs of relying on the web as external
memory (e.g., Marsh & Rajaram, 2019; Sparrow et. al, 2011; Storm et al., 2017), Giebl and
colleagues highlighted how to supplement memory-based searches with internet-based
searches in order to maximize learning.

(Not) Making Retrieval Practice Part of the Exam
Across a range of materials and settings, the articles in this Special Issue found that retrieval
practice enhances learning. A natural follow-up question is whether teachers should require
retrieval practice or merely offer it as an optional learning opportunity. Giebl and colleagues’ finding suggests that students should be required to engage in retrieval practice;
with the ease of searching for information on the web, students may skip optional retrieval
opportunities and thus stunt their learning. Den Boer and colleagues directly tested this
issue of compulsory versus optional retrieval practice. Continuous studying (rather than
cramming before the final exam) enhances learning and instructors could support such
spaced studying by interspersing cumulative assessments throughout a course before the
final exam (e.g., Schwieren et al., 2017; Tuckman, 1998). Cumulative compensatory assessments in which each assessment covers all of the content taught thus far can also enhance
involvement in the class (Kerdijk et al., 2015). Den Boer and colleagues examined how
cumulative assessments should be implemented to maximize students’ performance on the
cumulative assessments and the high-stakes final exam.
In line with recent work (Nevid et al., 2020), den Boer and colleagues found performance
on the cumulative assessments was higher when they were a compulsory course activity.
However, the question remained whether the required cumulative assessments should contribute to students’ final grades in the high-stakes final exam. On a practical level, having
cumulative quizzes contribute to the final grade implies additional administrative burdens.
For example, it requires preparations to prevent fraud and to grant opportunities to retake a
test missed due to illness. On a theoretical level, it is important to understand whether
incorporating performance on the cumulative assessments into the final grade increases
motivation and in turn improves learning in the course in general. Den Boer and colleagues
found that making the cumulative assessments a part of students’ final grades only increased
motivation for the cumulative assessments and not the course in general. Furthermore,
making the cumulative assessments a part of students’ final grades improved students’ performance on the cumulative assessments but did not enhance learning in the course in
general, as evidenced by performance on the final exam. Therefore, teachers should concentrate their efforts on offering frequent opportunities for retrieval practice of course content,
and students should perceive the use of quizzes as an opportunity to learn by self-testing.
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Training to Retrieve and Implement Learning Strategies
The Special Issue articles that have been introduced thus far have addressed the optimal way
to implement retrieval practice and feedback in both lab and classroom settings. However,
an important question remains: how can students be trained to actually use these techniques
in their own studying? Previous research suggests that many students rely on a mix of
empirically supported learning strategies and ineffective learning strategies (Bjork et al.,
2013; Dunlosky et al., 2013). Computer-based, adaptive learning environments may be
effective for training students to recognize which learning strategies to implement, when
to implement them, and to actually follow-through with implementation (e.g., Burchard &
Swerdzewski, 2009). In comparison to, say, a traditional in-person course on effective study
strategies, a computer-based, adaptive program could easily be offered to a large number of
students at once and therefore has the potential to enhance learning for many with little time
or financial cost. Accordingly, Endres and colleagues suggested that at the beginning of
university education, students could benefit from a computer-based adaptive learning environment to teach effective learning strategies and actually change students’ study habits.
Endres and colleagues reported empirical evidence regarding how to optimally design such a
program. In separate experiments, the authors investigated how to optimally design an
acquisition phase (i.e., initially learning about effective study strategies), a practice phase
(i.e., reviewing effective study strategies), and an application phase (i.e., a phase to support
regular use effective study strategies). The authors emphasized the importance of capturing
student interest during initial learning: emotionally appealing instructional videos (e.g.,
featuring human hands sketching relevant symbols) led to more situational interest than
neutral videos during the acquisition phase. However, Endres et al. found that the optimal
strategy for reinforcing this initial learning during the practice phase depended on students’
prior knowledge of effective study strategies before beginning the experiment and thus
recommended an adaptive program. Specifically, low-knowledge students benefited equally
from restudying key concepts and engaging in retrieval practice on these concepts.
In contrast, medium-knowledge and high-knowledge students benefited more from retrieval
practice than restudying, and high-knowledge students benefited more from more difficult
retrieval practice. Finally, Endres et al. investigated how to optimize the application phase,
that is, how to improve students’ self-reported study habits, not merely their knowledge of
how to study. The key finding was that students needed significant support to translate
knowledge into application. Merely instructing students to set implementation intentions
(i.e., writing detailed if-then statements regarding how they will study and under what
conditions) did not improve students’ self-reported use of effective study strategies, perhaps
because students’ implementation intentions were of low quality. In sum, digital learning
environments not only provide a rich opportunity for students to engage in retrieval practice
and receive feedback but may also be an invaluable tool for teaching students to implement
effective learning techniques more frequently in their typical study routines.

Concluding Remarks
Students in psychology and education learn about learning as a central topic in their curricula. They should be granted the opportunity to do this in a way that implements the stateof-the-art knowledge of their fields. This enables efficiency in knowledge acquisition and
helps to maintain self-consistency within the empirical disciplines that endorse the value of
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evidence-based practice. This Special Issue furthers our understanding on how to support
learning through retrieval practice and feedback (see Tables 1 and 2). Both by laboratorybased research (e.g., by isolating moderators of retrieval benefits) and use-inspired applied
research (e.g., by implementing retrieval and feedback practice in university courses). The
articles in this Special Issue also showed that knowledge about test-enhanced and feedbackenhanced learning is being implemented and developed in interdisciplinary domains. We can
thus be optimistic that evidence-based practice in teaching will continue to gain momentum
and to incorporate findings related to the application of psychological and instructional
principles in other domains.
We hope that this Special Issue will inspire you to embed and sophisticate retrieval and
feedback procedures in your own learning and teaching of psychology. Please note that the
current abstracts from Psychology Teaching Review (PTR26(2)) and Teaching of Psychology
(ToP47(4)) can also be found in this issue.
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