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To explain why students learn effectively by teaching, explaining to others in particular, 
Koh and colleagues advanced the retrieval practice hypothesis, which attributes the 
learning benefits entirely to the effect of practicing retrieval, that is, effortfully recalling 
to-be-taught information for the provision of instructional explanations. After delineating 
the rationale behind the retrieval practice hypothesis, the current situation of research, 
and the limitations of the existing approach, this paper proposes three tests for the 
evaluation of the hypothesis that address (1) whether explaining to others after initial 
studying surpasses restudying in learning performance, (2) whether the amount of effort 
to retrieve to-be-taught information from memory moderates the learning effects of 
explaining to others, and (3) whether the degree of elaboration during retrieval practice 
positively predicts the outcomes of learning by merely recalling to-be-taught information. 
Evidence is examined regarding whether each test is passed, and future directions for 
research on the retrieval practice hypothesis are discussed.
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INTRODUCTION

Teaching others has been shown to foster one’s learning (Allen, 1976; Annis, 1983; Ehly et  al., 
1987; Kobayashi, 2019a; Wang et  al., 2021). In recent years, a growing body of evidence 
indicates that students learn effectively even by merely providing others with instructional 
explanations (Coleman et  al., 1997; Rittle-Johnson et  al., 2008; Fiorella and Mayer, 2013, 2014; 
Hoogerheide et  al., 2014, 2016, 2019a,b; Koh et  al., 2018; Fiorella and Kuhlmann, 2020; Jacob 
et  al., 2020, 2022), except for some cases (Roscoe and Chi, 2008; Lachner et  al., 2020, 2021b; 
Jacob et  al., 2021; for meta-analytic reviews, see Kobayashi, 2019b; Lachner et  al., 2021b). The 
provision of instructional explanations includes explaining the contents of learning material 
to another student face to face (e.g., Coleman et  al., 1997), creating an instructional video 
(e.g., Fiorella and Mayer, 2013; Hoogerheide et  al., 2014), and preparing written explanations 
for a fictitious student’s learning (e.g., Hoogerheide et  al., 2016; Lachner et  al., 2021b). Unlike 
explaining to oneself, which is a self-oriented activity, explaining to others requires considering 
the others’ perspectives and designing explanations for their learning (Wittwer and Renkl, 
2008; Chi, 2021). The two types of explaining are also distinguished from one from the other 
in that they have different effects on learning (Coleman et  al., 1997; Rittle-Johnson et  al., 
2008; Roscoe and Chi, 2008; Lachner et  al., 2021b).
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Several theoretical accounts have been offered regarding 
when and why explaining to others fosters one’s learning. For 
example, Fiorella and Mayer’s (2013, 2014) generative learning 
hypothesis argues that the generation of instructional explanations 
stimulates generative processing, that is, selecting to-be-taught 
information from learning material, organizing the selected 
information meaningfully, and integrating it with prior 
knowledge, which lead to successful learning. Roscoe and Chi 
(2007) and Lachner et  al. (2020) emphasize the role of 
metacognitive processes as well, proposing that students benefit 
from explaining to others if it acts as a trigger for self-monitoring 
of comprehension, thereby promoting constructive or generative 
processing. The social presence hypothesis (Hoogerheide et  al., 
2016; Lachner et  al., 2021a) holds that the level of social 
presence—the degree to which one’s student is perceived 
realistically in a mediated communication environment—
determines the learning effects of explaining to others. Among 
other accounts, this paper focuses on the retrieval practice 
hypothesis, which was advanced by Koh et  al. (2018) as an 
alternative to the existing accounts and has received research 
attention since.

According to Koh et al.’s (2018) retrieval practice hypothesis, 
the learning benefits of explaining to others are entirely 
attributable to the retrieval practice effect. The retrieval practice 
effect, also known as the testing effect or test-enhanced learning, 
refers to the enhancement of learning by effortfully retrieving 
to-be-learned information from long-term memory (e.g., Roediger 
and Karpicke, 2006). In the typical paradigm of retrieval practice 
research, students study learning material, practice retrieval 
(e.g., recall the studied contents) after a short or long delay, 
and finally take a criterion test (Karpicke, 2017). Retrieval 
practice is induced not only by free-recall, cued-recall, or 
recognition testing (Roediger and Karpicke, 2006; Rowland, 
2014) but also by engaging in a retrieval-based learning activity, 
for example, creating a concept map in a closed-book style 
(Blunt and Karpicke, 2014; Karpicke et al., 2014a) and explaining 
from memory (Hinze et  al., 2013; Hiller et  al., 2020). There 
is considerable evidence that retrieval practice surpasses restudying 
or other learning strategies in criterion test performance, such 
as retention, inference, and transfer (for meta-analytic reviews, 
see Rowland, 2014; Adesope et  al., 2017; Pan and Rickard, 
2018; Yang et  al., 2021), though, under certain conditions, 
retrieval-based learning has been shown to be  inferior to 
non-retrieval-based learning, such as generative learning strategies 
(e.g., Roelle and Berthold, 2017; Roelle and Nückles, 2019; 
Ebersbach, 2020; Hiller et al., 2020). Recent research on learning 
by teaching has often employed an experimental paradigm 
consisting of three phases (e.g., Fiorella and Mayer, 2013; 
Hoogerheide et  al., 2014). In the first phase, students study 
learning material with or without the expectation of teaching. 
After a short while, in the second phase, they provide instructional 
explanations of the studied contents without referring to the 
learning material or their notes. In the third phase, their learning 
outcomes are assessed. This paradigm appears to fulfill the 
basic requirements for retrieval-based learning. That is, students 
must recall to-be-taught information with some effort for the 
provision of instructional explanations before they take a criterion 

test. Thus, the retrieval practice hypothesis posits that retrieval 
practice accounts for the effectiveness of learning by explaining 
to others. Although promising, no attempt has been made to 
summarize and carefully examine evidence regarding this 
hypothesis. In this paper, I  discuss where research on the 
retrieval practice hypothesis is and where it should go, pointing 
out the limitations of the existing approach and proposing 
informative tests for the evaluation of the hypothesis.

CURRENT SITUATION OF RESEARCH 
ON THE RETRIEVAL PRACTICE 
HYPOTHESIS

To examine the retrieval practice hypothesis, Koh et  al. (2018) 
had students study a text first and then either (a) create an 
instructional video about the contents of the text without 
referring to the text or their notes (i.e., practice retrieval while 
explaining), (b) take a free-recall test on the text (i.e., practice 
retrieval without explaining), (c) read a given teaching script 
aloud in the presence of a video camera (i.e., explain without 
practicing retrieval), or (d) perform a filler task (i.e., spend 
extra time completing another activity without internal or 
external re-exposure to the text information) before a final 
comprehension test. The instructional video and recall test 
groups performed better in comprehension than the teaching 
script group (ds = 0.57 and 0.65, respectively) and the filler 
task group (ds = 0.82 and 0.91, respectively). The former two 
groups did not statistically significantly or substantially differ 
from each other (d = 0.10). Koh et  al. (2018) concluded from 
these results that retrieval practice, but not explanation generation, 
produces the learning benefits of explaining to others.

However, the findings of Koh et al. (2018) are not definitive 
yet. As Lachner et  al. (2020) noted, reading the given teaching 
script aloud may have excluded not only the retrieval of to-be-
taught information but also the generation of instructional 
explanations. It is questionable whether Koh et  al. (2018) 
successfully separated the retrieval practice and explanation 
generation effects by comparing the instructional video and 
teaching script groups. Furthermore, existing evidence is mixed 
on the learning effects of explaining to others versus recalling. 
In line with Koh et  al.’s (2018) findings, some studies have 
found no statistically significant differences in learning 
performance between explaining to others and recalling 
(Hoogerheide et  al., 2016, Experiment 1; Lachner et  al., 2020, 
2021a; Jacob et  al., 2021). Effect sizes reported in or calculated 
from these studies were ds = −0.47–0.28. In contrast, other 
studies have shown that, under certain conditions, learning 
by explaining to others outperforms learning by recalling 
(Hoogerheide et  al., 2014, 2016, Experiment 2; Jacob et  al., 
2020; reported ds = 0.36–1.10). The observed superiority of 
explaining to others over recalling has been interpreted by 
opponents of the retrieval practice hypothesis to suggest that 
the retrieval practice effect does not fully account for the 
learning benefits of explaining to others (Hoogerheide et  al., 
2014; Lachner et  al., 2020).
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More importantly and contrary to the assumption underlying 
previous work on the retrieval practice hypothesis (e.g., Hoogerheide 
et  al., 2014; Koh et  al., 2018; Lachner et  al., 2020), examining 
the learning effects of explaining to others versus recalling is not 
always informative for the evaluation of the hypothesis. The 
informativeness is dependent on psychological mechanisms of 
retrieval-based learning. To illustrate, consider two competing 
accounts of the retrieval practice effect: the elaborative retrieval 
hypothesis and the episodic context theory. The elaborative retrieval 
hypothesis (Carpenter, 2009, 2011; Carpenter and Yeung, 2017) 
holds that the effortful retrieval of to-be-learned information 
promotes learning through elaborative processing. Elaborative 
processing refers to linking retrieval cues with semantically relevant 
information in long-term memory, thereby creating multiple routes 
from each retrieval cue to target information that facilitate the 
later retrieval of the target information. It is also assumed that 
the degree of elaboration varies depending on how to-be-learned 
information is retrieved and processed further. For example, 
elaboration may be induced more effectively when retrieval practice 
is involved in the act of explaining from memory than taking a 
recall test (Hinze et al., 2013). If the elaborative retrieval hypothesis 
is correct, the superiority of explaining to others over recalling 
in learning performance—the larger versus smaller elaboration 
(= retrieval practice) effects—does not constitute evidence against 
the retrieval practice hypothesis. Conversely, the episodic context 
theory (Karpicke et  al., 2014b; Lehman et  al., 2014) clearly 
distinguishes the retrieval practice effect from the elaboration 
effect and does not conflict with the idea that the two effects 
can coexist in learning by explaining to others. If instead this 
account is correct, the examination of learning effects of explaining 
to others (the retrieval practice and elaboration effects) versus 
recalling (the retrieval practice effect) may yield insights into the 
retrieval practice hypothesis. Unfortunately, there is no conclusive 
evidence to prove either of the accounts. Psychological mechanisms 
behind the retrieval practice effect are still in dispute (Karpicke, 
2017; McDermott, 2021). To effectively evaluate the retrieval 
practice hypothesis, more informative tests are needed.

INFORMATIVE TESTS FOR EVALUATING 
THE RETRIEVAL PRACTICE 
HYPOTHESIS

As an alternative to the existing approach, this paper proposes 
three tests for the evaluation of the retrieval practice hypothesis. 
The first test asks whether explaining to others after initial 
studying surpasses restudying in learning performance. The 
second test concerns the influence of retrieval effort on learning 
by explaining to others. It asks whether the amount of effort 
to retrieve to-be-taught information moderates the learning 
effects. The third test addresses whether the degree of elaboration 
during retrieval practice positively predicts the outcomes of 
learning by merely recalling to-be-taught information. The basic 
assumption underlying these tests is that if learning by explaining 
to others and recalling are based on the same mechanism, 
the two processes will be  identical in essential respects. The 

retrieval practice hypothesis may not be substantiated by passing 
only one of the tests. But still, whether all the three tests are 
passed will be  informative for judging the validity of the 
hypothesis. The idea behind each test is as follows:

Superiority of Learning by Explaining to 
Others Over Restudying
Successfully retrieving to-be-learned information from memory 
entails (internal) re-exposure to the information. Therefore, it 
is important for proponents of retrieval-based learning to rule 
out the possibility that rather than the process of effortful 
retrieval, the re-exposure accounts for the retrieval practice 
effect (Roediger and Karpicke, 2006; Karpicke, 2017). One 
approach to this problem is to ascertain whether practicing 
retrieval fosters learning more effectively than restudying, which 
involves (external) re-exposure to to-be-learned information 
(Karpicke, 2017; McDermott, 2021). Supporting the basic idea 
of retrieval-based learning, the superiority of retrieval practice 
over restudying in learning performance has been shown to 
be robust (Roediger and Karpicke, 2006; Rowland, 2014; Adesope 
et al., 2017). If retrieval practice produces the learning benefits 
of explaining to others, students will learn better when they 
explain to others after initial studying than when they restudy.

Influence of Retrieval Effort on Learning by 
Explaining to Others
It has been suggested that the amount of effort to retrieve (or 
the level of the difficulty of retrieving) to-be-learned information 
is a determinant of the retrieval practice effect (e.g., Pyc and 
Rawson, 2009; Endres and Renkl, 2015; Karpicke, 2017). Unless 
retrieval failure is high or left unremedied, the greater retrieval 
practice effect is produced when greater retrieval effort is required 
(Karpicke, 2017). Examples include when fewer retrieval cues 
are available for the retrieval of target information (Carpenter 
and DeLosh, 2006), when a retrieval cue is semantically less 
related to target information (Carpenter, 2009), and when there 
is a longer interval between initial studying and retrieval practice 
(Pyc and Rawson, 2009). Similarly, the more effortful retrieval 
of to-be-taught information in the process of providing 
instructional explanations will lead to better learning performance 
if retrieval practice is a key mechanism behind learning by 
explaining to others. Excessive sacrifice of retrieval success may 
reduce the influence of retrieval effort, though.

The Predicting Effect of Elaboration on 
Learning by Recalling
As noted previously, researchers still disagree on the role of 
elaboration in retrieval-based learning. Remarkably, though, 
research on learning by teaching has shown that students who 
include more elaborations—ideas beyond learning material, such 
as bridging inferences, examples, and analogies—in their 
instructional explanations learn better (Roscoe and Chi, 2008; 
Roscoe, 2014; Lachner et  al., 2018; Fiorella et  al., 2021; Jacob 
et  al., 2021, 2022; Kobayashi, 2021a,b). For example, Fiorella 
and Kuhlmann (2020) found that the number of elaborative 
statements in instructional explanations students generated during 
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the creation of an instructional video was a positive predictor 
of their learning outcomes. These findings suggest that the 
elaborative processing of to-be-taught information makes a 
significant contribution to learning by explaining to others. 
Therefore, if the learning benefits of explaining to others and 
recalling are both entirely attributable to the retrieval practice 
effect, elaboration will be  observed to play a role in learning 
by merely recalling to-be-taught information as well. More 
specifically, the number of elaborations in recall protocols generated 
during retrieval practice will positively predict learning outcomes.

APPLYING THE INFORMATIVE TESTS: 
CURRENT EVIDENCE AND FUTURE 
CHALLENGES

Does the retrieval practice hypothesis pass the three informative 
tests? At this point in time, my answer is “No.” In this final 
section, I  examine empirical evidence regarding whether each 
test is passed and discuss future research needs and directions.

First, only a few studies have examined the learning effects 
of explaining to others versus restudying. For example, 
Hoogerheide et  al. (2019b) found that students who explained 
the contents of learning material to a fictitious student performed 
better in the acquisition of conceptual knowledge than those 
who restudied the learning material. Similar results are obtained 
in Fiorella and Kuhlmann (2020). However, these studies have 
been concerned with the creation of an instructional video, 
or the provision of oral explanations. The same may not apply 
to learning by explaining in writing versus restudying. Indeed, 
it has been shown that the learning benefits of providing 
instructional explanations (versus recalling or other learning 
strategies) are observed when the explanations are provided 
orally but not when they are written (Hoogerheide et al., 2016; 
for a meta-analytic review, see Lachner et  al., 2021b). This 
poses a serious challenge to the retrieval practice hypothesis. 
There is no evidence that oral and written modes of retrieval 
differentially affect the effectiveness of retrieval-based learning 
versus restudying (Putnam and Roediger, 2013; for a meta-
analytic review, see Yang et  al., 2021). The retrieval practice 
hypothesis, as it stands, cannot explain the potential influence 
of explanation modality on the learning effects of explaining 
to others versus restudying. Additional work is needed to 
determine whether explaining to others surpasses restudying 
in learning performance, regardless of explanation modality.

Second, to my knowledge, there are no data concerning the 
influence of retrieval effort on learning by explaining to others. 
Future research should address this gap. For example, it would 
be interesting to systematically manipulate the external availability 
of to-be-taught information and thereby examine its influence 
on learning effects of explaining to others. The extent to which 
target information is externally available during retrieval practice 
affects the amount of effort to retrieve the information (Kornell 
et  al., 2015; Hiller et  al., 2020; Waldeyer et  al., 2020). Students 
may expend less effort at retrieving to-be-taught information 
when they can rely on learning material and/or their notes for 

the provision of instructional explanations (an open-book style) 
than when they cannot (a closed-book style). The retrieval practice 
hypothesis predicts that learning by explaining in a closed-book 
style will outperform learning by explaining in an open-book 
style if the closed-book explanation does not severely hamper 
the successful retrieval of to-be-taught information or if retrieval 
failure is remedied in some way (e.g., by corrective feedback).

Finally, the predicting effect of elaboration on learning by 
recalling to-be-taught information remains unexamined. Although 
as mentioned above, not a few studies have compared the learning 
effects of explaining to others and recalling (e.g., Koh et  al., 
2018; Lachner et  al., 2020; Jacob et  al., 2021), none of them 
have reported any data concerning whether elaboration plays a 
role in learning by recalling. Endres et  al. (2017) found that the 
degree of elaboration during retrieval practice was a positive 
predictor of learning from a lecture video. However, this study 
differs in many ways from the previous work examining the role 
of elaboration in learning by explaining to others (e.g., Fiorella 
and Kuhlmann, 2020). Accordingly, their findings are not directly 
comparable. Subsequent studies should be  designed to compare 
the predicting effects of elaboration on learning by explaining 
to others and recalling. It would be  informative to test whether 
the number of elaborations in instructional explanations and recall 
protocols similarly predict learning outcomes in one study.

CONCLUSION

In conclusion, research on the retrieval practice hypothesis is 
still in its infancy. The currently available evidence is inadequate 
to assess the hypothesis. Further work could advance the field 
by verifying whether explaining to others surpasses restudying 
in learning performance, regardless of explanation modality; 
whether the amount of retrieval effort moderates the learning 
effects of explaining to others; and whether the degree of elaboration 
positively predicts the outcomes of learning by merely recalling 
to be-taught information. At least there is still no direct evidence 
showing that the retrieval practice hypothesis fails these tests. 
The validity of the hypothesis will be  strengthened if each test 
is passed. If not, the likelihood is that psychological mechanisms 
other than or in addition to retrieval practice account for the 
learning effects of explaining to others. I  hope that this paper 
inspires more research on the retrieval practice hypothesis and 
advances the theoretical progress of learning by teaching.

AUTHOR CONTRIBUTIONS

The author designed the paper, analyzed the literature, and 
drafted the manuscript.

FUNDING

This work was supported by the Japan Society for the Promotion 
of Science (Grant-in-Aid of Scientific Research (C)/No. 
19K03225).

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


Kobayashi Retrieval Practice Hypothesis

Frontiers in Psychology | www.frontiersin.org 5 May 2022 | Volume 13 | Article 842668

 

REFERENCES

Adesope, O. O., Trevisan, D. A., and Sundararajan, N. (2017). Rethinking the 
use of tests: A meta-analysis of practice testing. Rev. Educ. Res. 87, 659–701. 
doi: 10.3102/0034654316689306

Allen, V. L. (ed.) (1976). Children as Teachers: Theory and Research on Tutoring. 
New York, NY: Academic Press.

Annis, L. F. (1983). The processes and effects of peer tutoring. Hum. Learn. 
2, 39–47.

Blunt, J. R., and Karpicke, J. D. (2014). Learning with retrieval-based concept 
mapping. J. Educ. Psychol. 106, 849–858. doi: 10.1037/a0035934

Carpenter, S. K. (2009). Cue strength as a moderator of the testing effect: The 
benefits of elaborative retrieval. J. Exp. Psychol.-Learn. Mem. Cogn. 35, 
1563–1569. doi: 10.1037/a0017021

Carpenter, S. K. (2011). Semantic information activated during retrieval contributes 
to later retention: support for the mediator effectiveness hypothesis of the 
testing effect. J. Exp. Psychol. Learn. Mem. Cogn. 37, 1547–1552. doi: 10.1037/
a0024140

Carpenter, S. K., and DeLosh, E. L. (2006). Impoverished cue support enhances 
subsequent retention: support for the elaborative retrieval explanation of 
the testing effect. Mem. Cogn. 34, 268–276. doi: 10.3758/bf03193405

Carpenter, S. K., and Yeung, K. L. (2017). The role of mediator strength in 
learning from retrieval. J. Mem. Lang. 92, 128–141. doi: 10.1016/j.
jml.2016.06.008

Chi, M. T. H. (2021). “The self-explanation principle in multimedia learning,” 
in The Cambridge Handbook of Multimedia Learning. 3rd Edn. eds. R. E. 
Mayer and L. Fiorella (Cambridge, UK: Cambridge University Press), 381–393.

Coleman, E. B., Brown, A. L., and Rivkin, I. D. (1997). The effect of instructional 
explanations on learning from scientific texts. J. Learn. Sci. 6, 347–365. doi: 
10.1207/s15327809jls0604_1

Ebersbach, M. (2020). Access to the learning material enhances learning by 
means of generating questions: comparing open- and closed-book conditions. 
Trends Neurosci. Educ. 19:100130. doi: 10.1016/j.tine.2020.100130

Ehly, S., Keith, T. Z., and Bratton, B. (1987). The benefits of tutoring: An 
exploration of expectancy and outcomes. Contemp. Educ. Psychol. 12, 131–134. 
doi: 10.1016/S0361-476X(87)80046-2

Endres, T., Carpenter, S., Martin, A., and Renkl, A. (2017). Enhancing learning 
by retrieval: enriching free recall with elaborative prompting. Learn. Instr. 
49, 13–20. doi: 10.1016/j.learninstruc.2016.11.010

Endres, T., and Renkl, A. (2015). Mechanisms behind the testing effect: An 
empirical investigation of retrieval practice in meaningful learning. Front. 
Psychol. 6:1054. doi: 10.3389/fpsyg.2015.01054

Fiorella, L., and Kuhlmann, S. (2020). Creating drawings enhances learning 
by teaching. J. Educ. Psychol. 112, 811–822. doi: 10.1037/edu0000392

Fiorella, L., and Mayer, R. E. (2013). The relative benefits of learning by teaching 
and teaching expectancy. Contemp. Educ. Psychol. 38, 281–288. doi: 10.1016/j.
cedpsych.2013.06.001

Fiorella, L., and Mayer, R. E. (2014). Role of expectations and explanations 
in learning by teaching. Contemp. Educ. Psychol. 39, 75–85. doi: 10.1016/j.
cedpsych.2014.01.001

Fiorella, L., Pyres, M., and Hebert, R. (2021). Explaining and drawing activities 
for learning from multimedia: The role of sequencing and scaffolding. Appl. 
Cognit. Psychol. 35, 1574–1584. doi: 10.1002/acp.3871

Hiller, S., Rumann, S., Berthold, K., and Roelle, J. (2020). Example-based 
learning: should learners receive closed-book or open-book self-explanation 
prompts? Instr. Sci. 48, 623–649. doi: 10.1007/s11251-020-09523-4

Hinze, S. R., Wiley, J., and Pellegrino, J. W. (2013). The importance of constructive 
comprehension processes in learning from tests. J. Mem. Lang. 69, 151–164. 
doi: 10.1016/j.jml.2013.03.002

Hoogerheide, V., Deijkers, L., Loyens, S. M. M., Heijltjes, A., and van Gog, T. 
(2016). Gaining from explaining: learning improves from explaining to 
fictitious others on video, not from writing to them. Contemp. Educ. Psychol. 
45, 95–106. doi: 10.1016/j.cedpsych.2016.02.005

Hoogerheide, V., Loyens, S. M. M., and van Gog, T. (2014). Effects of creating 
video-based modeling examples on learning and transfer. Learn. Instr. 33, 
108–119. doi: 10.1016/j.learninstruc.2014.04.005

Hoogerheide, V., Renkl, A., Fiorella, L., and Paas, F. (2019a). Enhancing 
example-based learning: teaching on video increases arousal and improves 

problem-solving performance. J. Educ. Psychol. 111, 45–56. doi: 10.1037/
edu0000272

Hoogerheide, V., Visee, J., Lachner, A., and van Gog, T. (2019b). Generating 
an instructional video as homework activity is both effective and enjoyable. 
Learn. Instr. 64:101226. doi: 10.1016/j.learninstruc.2019.101226

Jacob, L., Lachner, A., and Scheiter, K. (2020). Learning by explaining orally 
or in written form? Text complexity matters. Learn. Instr. 68:101344. doi: 
10.1016/j.learninstruc.2020.101344

Jacob, L., Lachner, A., and Scheiter, K. (2021). Does increasing social presence 
enhance the effectiveness of writing explanations? PLoS One 16:e0250406. 
doi: 10.1371/journal.pone.0250406

Jacob, L., Lachner, A., and Scheiter, K. (2022). Do school students’ academic 
self-concept and prior knowledge constrain the effectiveness of generating 
technology-mediated explanations? Comput. Educ. 182:104469. doi: 10.1016/j.
compedu.2022.104469

Karpicke, J. D. (2017). “Retrieval-based learning: A decade of progress,” in 
Cognitive Psychology of Memory: Learning and Memory: A 
Comprehensive Reference. Vol. 2. ed. J. H. Byrne (Amsterdam, Netherlands: 
Elsevier), 1–26.

Karpicke, J. D., Blunt, J. R., Smith, M. A., and Karpicke, S. S. (2014a). Retrieval-
based learning: The need for guided retrieval in elementary school children. 
J. Appl. Res. Mem. Cogn. 3, 198–206. doi: 10.1016/j.jarmac.2014.07.008

Karpicke, J. D., Lehman, M., and Aue, W. R. (2014b). “Retrieval-based learning: 
An episodic context account,” in Psychology of Learning and Motivation. 
Vol. 61. ed. B. H. Ross (San Diego, CA: Elsevier), 237–284.

Kobayashi, K. (2019a). Interactivity: A potential determinant of learning by 
preparing to teach and teaching. Front. Psychol. 9:2755. doi: 10.3389/
fpsyg.2018.02755

Kobayashi, K. (2019b). Learning by preparing-to-teach and teaching: A meta-
analysis. Jpn. Psychol. Res. 61, 192–203. doi: 10.1111/jpr.12221

Kobayashi, K. (2021a). Effects of collaborative versus individual 
preparation on learning by teaching. Instr. Sci. 49, 811–829. doi: 10.1007/
s11251-021-09561-6

Kobayashi, K. (2021b). Learning by teaching face-to-face: the contributions of 
preparing-to-teach, initial-explanation, and interaction phases. Eur. J. Psychol. 
Educ. 1–16. doi: 10.1007/s10212-021-00547-z [Epub Ahead of Print].

Koh, A. W. L., Lee, S. C., and Lim, S. W. H. (2018). The learning benefits of 
teaching: A retrieval practice hypothesis. Appl. Cognit. Psych. 32, 401–410. 
doi: 10.1002/acp.3410

Kornell, N., Klein, P. J., and Rawson, K. A. (2015). Retrieval attempts enhance 
learning, but retrieval success (versus failure) does not matter. J. Exp. Psychol. 
learn. Mem. Cogn. 41, 283–294. doi: 10.1037/a0037850

Lachner, A., Backfisch, I., Hoogerheide, V., van Gog, T., and Renkl, A. (2020). 
Timing matters! Explaining between study phases enhances students’ learning. 
J. Educ. Psychol. 112, 841–853. doi: 10.1037/edu0000396

Lachner, A., Hoogerheide, V., van Gog, T., and Renkl, A. (2021a). Learning-
by-teaching without audience presence or interaction: when and why does 
it work? Educ. Psychol. Rev. 1–33. doi: 10.1007/s10648-021-09643-4 [Epub 
Ahead of Print].

Lachner, A., Jacob, L., and Hoogerheide, V. (2021b). Learning by writing 
explanations: is explaining to a fictitious student more effective than self-
explaining? Lear. Instr. 74:101438. doi: 10.1016/j.learninstruc.2020.101438

Lachner, A., Ly, K.-T., and Nückles, M. (2018). Providing written or oral 
explanations? Differential effects of the modality of explaining on students’ 
conceptual learning and transfer. J. Exp. Educ. 86, 344–361. doi: 
10.1080/00220973.2017.1363691

Lehman, M., Smith, M. A., and Karpicke, J. D. (2014). Toward an episodic 
context account of retrieval-based learning: dissociating retrieval practice 
and elaboration. J. Exp. Psychol. Learn. Mem. Cogn. 40, 1787–1794. doi: 
10.1037/xlm0000012

McDermott, K. B. (2021). Practicing retrieval facilitates learning. Ann. Rev. 
Psychol. 72, 609–633. doi: 10.1146/annurev-psych-010419-051019

Pan, S. C., and Rickard, T. C. (2018). Transfer of test-enhanced learning: meta-
analytic review and synthesis. Psychol. Bull. 144, 710–756. doi: 10.1037/
bul0000151

Putnam, A. L., and Roediger, H. L. I. I. I. (2013). Does response mode affect 
amount recalled or the magnitude of the testing effect? Mem. Cogn. 41, 
36–48. doi: 10.3758/s13421-012-0245-x

https://www.frontiersin.org/journals/psychology
www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles
https://doi.org/10.3102/0034654316689306
https://doi.org/10.1037/a0035934
https://doi.org/10.1037/a0017021
https://doi.org/10.1037/a0024140
https://doi.org/10.1037/a0024140
https://doi.org/10.3758/bf03193405
https://doi.org/10.1016/j.jml.2016.06.008
https://doi.org/10.1016/j.jml.2016.06.008
https://doi.org/10.1207/s15327809jls0604_1
https://doi.org/10.1016/j.tine.2020.100130
https://doi.org/10.1016/S0361-476X(87)80046-2
https://doi.org/10.1016/j.learninstruc.2016.11.010
https://doi.org/10.3389/fpsyg.2015.01054
https://doi.org/10.1037/edu0000392
https://doi.org/10.1016/j.cedpsych.2013.06.001
https://doi.org/10.1016/j.cedpsych.2013.06.001
https://doi.org/10.1016/j.cedpsych.2014.01.001
https://doi.org/10.1016/j.cedpsych.2014.01.001
https://doi.org/10.1002/acp.3871
https://doi.org/10.1007/s11251-020-09523-4
https://doi.org/10.1016/j.jml.2013.03.002
https://doi.org/10.1016/j.cedpsych.2016.02.005
https://doi.org/10.1016/j.learninstruc.2014.04.005
https://doi.org/10.1037/edu0000272
https://doi.org/10.1037/edu0000272
https://doi.org/10.1016/j.learninstruc.2019.101226
https://doi.org/10.1016/j.learninstruc.2020.101344
https://doi.org/10.1371/journal.pone.0250406
https://doi.org/10.1016/j.compedu.2022.104469
https://doi.org/10.1016/j.compedu.2022.104469
https://doi.org/10.1016/j.jarmac.2014.07.008
https://doi.org/10.3389/fpsyg.2018.02755
https://doi.org/10.3389/fpsyg.2018.02755
https://doi.org/10.1111/jpr.12221
https://doi.org/10.1007/s11251-021-09561-6
https://doi.org/10.1007/s11251-021-09561-6
https://doi.org/10.1007/s10212-021-00547-z
https://doi.org/10.1002/acp.3410
https://doi.org/10.1037/a0037850
https://doi.org/10.1037/edu0000396
https://doi.org/10.1007/s10648-021-09643-4
https://doi.org/10.1016/j.learninstruc.2020.101438
https://doi.org/10.1080/00220973.2017.1363691
https://doi.org/10.1037/xlm0000012
https://doi.org/10.1146/annurev-psych-010419-051019
https://doi.org/10.1037/bul0000151
https://doi.org/10.1037/bul0000151
https://doi.org/10.3758/s13421-012-0245-x


Kobayashi Retrieval Practice Hypothesis

Frontiers in Psychology | www.frontiersin.org 6 May 2022 | Volume 13 | Article 842668

Pyc, M. A., and Rawson, K. A. (2009). Testing the retrieval effort hypothesis: 
does greater difficulty correctly recalling information lead to higher levels 
of memory? J. Mem. Lang. 60, 437–447. doi: 10.1016/j.jml.2009.01.004

Rittle-Johnson, B., Saylor, M., and Swygert, K. E. (2008). Learning from explaining: 
does it matter if mom is listening? J. Exp. Child Psychol. 100, 215–224. 
doi: 10.1016/j.jecp.2007.10.002

Roediger, H. L., and Karpicke, J. D. (2006). The power of testing memory: 
basic research and implications for educational practice. Perspect. Psychol. 
Sci. 1, 181–210. doi: 10.1111/j.1745-6916.2006.00012.x

Roelle, J., and Berthold, K. (2017). Effects of incorporating retrieval into learning 
tasks: The complexity of the tasks matters. Learn. Instr. 49, 142–156. doi: 
10.1016/j.learninstruc.2017.01.008

Roelle, J., and Nückles, M. (2019). Generative learning versus retrieval practice 
in learning from text: The cohesion and elaboration of the text matters. J. 
Educ. Psychol. 111, 1341–1361. doi: 10.1037/edu0000345

Roscoe, R. D. (2014). Self-monitoring and knowledge-building in learning by 
teaching. Instr. Sci. 42, 327–351. doi: 10.1007/s11251-013-9283-4

Roscoe, R. D., and Chi, M. T. H. (2007). Understanding tutor learning: knowledge-
building and knowledge-telling in peer tutors’ explanations and questions. 
Rev. Educ. Res. 77, 534–574. doi: 10.3102/0034654307309920

Roscoe, R. D., and Chi, M. T. H. (2008). Tutor learning: The role of explaining 
and responding to questions. Instr. Sci. 36, 321–350. doi: 10.1007/s11251-007-9034-5

Rowland, C. A. (2014). The effect of testing versus restudy on retention: A 
meta-analytic review of the testing effect. Psychol. Bull. 140, 1432–1463. 
doi: 10.1037/a0037559

Waldeyer, J., Heitmann, S., Moning, J., and Roelle, J. (2020). Can generative 
learning tasks be  optimized by incorporation of retrieval practice? J. Appl. 
Res. Mem. Cogn. 9, 355–369. doi: 10.1016/j.jarmac.2020.05.001

Wang, Y., Lin, L., and Chen, O. (2021). The benefits of teaching on comprehension, 
motivation, and perceived difficulty: empirical evidence of teaching expectancy 
and the interactivity of teaching. Br. J. Educ. Psychol. 91, 1275–1290. doi: 
10.1111/bjep.12416

Wittwer, J., and Renkl, A. (2008). Why instructional explanations often 
do not work: A framework for understanding the effectiveness of 
instructional explanations. Educ. Psychol. 43, 49–64. doi: 
10.1080/00461520701756420

Yang, C., Luo, L., Vadillo, M. A., Yu, R., and Shanks, D. R. (2021). Testing 
(quizzing) boosts classroom learning: A systematic and meta-analytic review. 
Psychol. Bull. 147, 399–435. doi: 10.1037/bul0000309

Conflict of Interest: The author declares that this work was conducted in the 
absence of any commercial or financial relationships that could be  construed as 
a potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the 
authors and do not necessarily represent those of their affiliated organizations, 
or those of the publisher, the editors and the reviewers. Any product that may 
be evaluated in this article, or claim that may be made by its manufacturer, is 
not guaranteed or endorsed by the publisher.

Copyright © 2022 Kobayashi. This is an open-access article distributed under the 
terms of the Creative Commons Attribution License (CC BY). The use, distribution 
or reproduction in other forums is permitted, provided the original author(s) and 
the copyright owner(s) are credited and that the original publication in this journal 
is cited, in accordance with accepted academic practice. No use, distribution or 
reproduction is permitted which does not comply with these terms.

https://www.frontiersin.org/journals/psychology
www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles
https://doi.org/10.1016/j.jml.2009.01.004
https://doi.org/10.1016/j.jecp.2007.10.002
https://doi.org/10.1111/j.1745-6916.2006.00012.x
https://doi.org/10.1016/j.learninstruc.2017.01.008
https://doi.org/10.1037/edu0000345
https://doi.org/10.1007/s11251-013-9283-4
https://doi.org/10.3102/0034654307309920
https://doi.org/10.1007/s11251-007-9034-5
https://doi.org/10.1037/a0037559
https://doi.org/10.1016/j.jarmac.2020.05.001
https://doi.org/10.1111/bjep.12416
https://doi.org/10.1080/00461520701756420
https://doi.org/10.1037/bul0000309
http://creativecommons.org/licenses/by/4.0/

	The Retrieval Practice Hypothesis in Research on Learning by Teaching: Current Status and Challenges
	Introduction
	Current Situation of Research on the Retrieval Practice Hypothesis
	Informative Tests for Evaluating the Retrieval Practice Hypothesis
	Superiority of Learning by Explaining to Others Over Restudying
	Influence of Retrieval Effort on Learning by Explaining to Others
	The Predicting Effect of Elaboration on Learning by Recalling

	Applying the Informative Tests: Current Evidence and Future Challenges
	Conclusion
	Author Contributions
	Funding

	References

