Educational Psychology Review (2023) 35:75
https://doi.org/10.1007/510648-023-09784-8

REVIEW ARTICLE

®

Check for
updates

Combining Retrieval Practice with Elaborative Encoding:
Complementary or Redundant?

Mark A. McDaniel’

Accepted: 2 June 2023 / Published online: 11 July 2023
©The Author(s), under exclusive licence to Springer Science+Business Media, LLC, part of Springer Nature
2023

Abstract

The benefits of retrieval practice (practice testing) are pervasive across various
materials, learning conditions, and criterial tasks, and consequently researchers
and educators have enthusiastically recommended retrieval practice for educational
applications. Less research has been devoted to examining the effect of combining
retrieval practice with other evidence-based learning strategies; this article focuses
on an emerging literature that examines the outcomes of combining potent elabo-
rative encoding methods with retrieval practice. Theoretically, several possibilities
can be identified. Augmenting retrieval practice with effective encoding strategies
could significantly improve learning relative to retrieval practice alone through com-
plementary mechanisms of each or through effective encoding catalyzing retrieval
practice effects. Alternatively, effective encoding combined with retrieval practice
might not improve learning (relative to retrieval practice alone), because the pro-
cessing produced by elaborative encoding strategies is overly redundant with those
promoted by retrieval practice. The extant literature, which has focused on everyday
learning tasks (e.g., name learning) and educationally relevant tasks ranging from
learning of arbitrary associations (e.g., new vocabulary meanings) to learning from
connected discourse, is reviewed, and helps inform these possibilities. The findings
largely converge on the conclusion that incorporating elaborative encoding tech-
niques with retrieval practice prior to, but not concurrent with, retrieval practice pro-
vides a boost for learning and retention.
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The strategy of using retrieval practice (e.g., practice testing) as a learning tool
has been advocated in the psychological and educational literatures for over a hun-
dred years (e.g., Gates, 1917; see Roediger & Karpicke, 2006a, for a review), and
research on retrieval practice has increased substantially in the past two decades.
The findings from laboratory and classroom studies demonstrate that retrieval prac-
tice supports robust learning and retention, as indicated by several recent reviews
and metanalyses (Adesope et al., 2017; Agarwal et al., 2021; Pan & Rickard, 2018;
Rowland, 2014; Trumbo et al., 2021). Indeed, the benefits of retrieval practice are so
pervasive across various materials, learning conditions, and criterial tasks that one
influential learning-strategy review rated the utility of retrieval practice as “high” for
educational applications (Dunlosky et al., 2013).

Perhaps because retrieval practice is considered by some as “the best strategy
we’ve got” (a sentiment presented by an instructor in a cognitive course), much less
research has been devoted to examining the effect of combining retrieval practice
with other evidence-based learning strategies. (One exception is an emerging lit-
erature examining benefits of combining retrieval practice with spacing relative to
retrieval practice without spacing; Latimier et al., 2021, provide a review.) In this
article, I focus on the potential outcomes of combining potent encoding methods
with retrieval practice. Typically, retrieval practice effects have been evaluated when
retrieval practice follows a learning session in which learners are either instructed
to read the to-be-learned material or are simply told to study the material for a later
test (on rare occasion retrieval practice is implemented in the absence of initial
study; e.g., Butler & Roediger, 2008). The question posed herein is whether retrieval
practice effects could be augmented, and perhaps substantially so, if learners were
engaged in effective elaboration during the initial learning session. I also consider a
related question drawing on paradigms in which elaboration is concurrently engaged
during retrieval (rather than prior to retrieval).

To inform this issue, the typical experimental design has been to implement a
control condition like that just described (no elaborative strategy, no retrieval prac-
tice), an elaboration-only condition (an elaboration strategy is instructed but there
is no retrieval practice), a retrieval practice-only condition (no instructed elabora-
tion strategy) and a combined condition with both elaborative encoding and retrieval
practice. The question is theoretically interesting because the outcomes are uncer-
tain. As developed next, several theoretical possibilities are plausible. There is also
clear applied value in determining if, and to what extent, effective elaborative encod-
ing methods increase the benefits of retrieval practice. Were that to be the case, then
even more potent uses of retrieval practice could be implemented (cf. Dunlosky
et al., 2013).

Theoretical Approaches
Two general approaches assume that learning is improved when retrieval practice is
augmented with effective encoding strategies (relative to retrieval practice alone).

The most straightforward is that effective encoding strategies and retrieval practice
serve complementary roles for learning and retention (the complementary view;
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e.g., Cummings et al., 2023; Miyatsu & McDaniel, 2019; Morris et al., 2005; Roelle
et al., 2022). Elaborative encoding strategies such as generating explanations and
generating examples benefit learning and retention by activating prior knowledge
and fostering connections between this prior knowledge and the to-be-learned mate-
rial (McDaniel & Donnelly, 1996; Pressley et al., 1988; Roelle & Niickles, 2019;
Rosenshine et al., 1996; Seifert, 1993). For more impoverished materials (word
lists; paired associate lists) successful elaborative strategies can include imagery (as
indicated by a robust literature, e.g., see Clark & Paivio, 1991) and creating mne-
monic linkages (e.g., Bellezza, 1987; Levin & Levin, 1990). In short, a wide range
of elaborative strategies can foster learning and retention through creating richer and
more cohesive representations of the target material. By contrast, on some views,
retrieval practice is thought to generally strengthen later retrieval (possibly by rein-
forcing retrieval routes, Bjork, 1995, or by narrowing retrieval constraints, Thomas
& McDaniel, 2013, Pyc & Rawon, 2010).

Thus, the theoretical idea is that effective encoding strategies produce robust
representations of the material to be learned and retrieval practice then serves to
improve retrieval of that material or consolidation in memory (Roelle et al., 2022).
In short, each technique (effective encoding, retrieval practice) is effective because
of different mechanisms, with these mechanisms providing boosts to memory in
different ways. Empirical support for the idea that the mnemonic mechanisms of
retrieval practice do not rest on elaborative encoding has been reported by Karpicke
and Smith (2012). Accordingly, combining effective encoding strategies with
retrieval practice should produce superior learning and retention over retrieval prac-
tice alone. A more precise prediction, based on the assumption that the mechanisms
of effective encoding and retrieval practice are different, is that combining the two
should produce additive effects (Fritz et al., 2007).

The second approach is perhaps more provocative. This approach suggests that
there are boundary conditions (but still educationally relevant contexts) that mini-
mize or disfavor strong effects of retrieval practice. These conditions can include
situations in which (a) learning requires the acquisition of arbitrary associations
(e.g., new vocabulary and terminology, biology taxonomies, scientists’ names and
their contributions) or is based on material that is not overly cohesive (e.g., low-
cohesion text), and (b) retrieval practice is limited (e.g., one or two retrieval prac-
tice trials), perhaps because of learners’ or instructors’ time constraints (e.g., see
Miyatsu & McDaniel, 2019, for absence of retrieval practice effects in learning new
vocabulary with limited retrieval practice, and Roelle & Niickles, 2019, Experiment
2, for just nominal retrieval practice effects after one practice trial in learning low-
cohesion text). In these conditions, the amount of target material retrieved might be
relatively low, thereby restricting retrieval benefits to a limited amount of material
(Roelle et al., 2022; Rowland, 2014). Accordingly, even less effective restudy, which
allows review of all the material, could produce final test performance equivalent
to that of retrieval practice (e.g., consistent with the Kornell et al., 2011, theoreti-
cal account of retrieval practice). In these cases, this second approach suggests that
using effective encoding strategies during initial study catalyzes subsequent retrieval
(labeled the catalytic view, following Miyatsu & McDaniel, 2019). The idea is that
rich, elaborative encodings are more easily retrieved, thereby supporting effective
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retrieval and the consequent benefit of retrieval practice. Put another way, the view
is that in certain learning situations, as just outlined, implementing effective encod-
ing strategies leverages retrieval-practice benefits that are disproportionately greater
than when effective encoding strategies are not used.

A sharply different theoretical possibility is that elaborative encoding involves
processing that overlaps with or is redundant with that stimulated by retrieval prac-
tice (labeled the redundancy view; Cummings et al., 2023; Miyatsu & McDaniel,
2019). In particular, several accounts of the retrieval practice effect converge on the
idea that retrieval enhances memory by stimulating elaboration. For instance, the
elaborative retrieval account (Carpenter, 2009, 2011) suggests that the process of
cue-guided retrieval involves generating elaborative information that might provide
additional retrieval routes to the target (see also McDaniel et al., 1989). In a simi-
lar vein, the encoding-variability account (McDaniel & Masson, 1985) holds that
retrieval produces a richer, more variable encoding of the studied information, again
providing multiple routes for subsequent retrieval (see also Kang, 2010; Roediger &
Butler, 2011). These mechanisms echo those assumed to underlie the value of elabo-
rative encoding: elaborative encoding produces a richer network of information that
affords multiple routes for retrieval.

The upshot is that elaborative encoding and retrieval practice would activate
very similar memory processes, thereby rendering elaborative encoding tech-
niques redundant. Therefore, retrieval practice effects would not be expected to be
enhanced when elaborative encoding is also engaged. (Findings demonstrate that
combining two conditions that produce redundant processing will not be more effec-
tive than one of the methods alone (Walsh & Jenkins, 1973) and that adding a pro-
cessing task that is redundant with processing already engaged in a control condi-
tion does not significantly improve memory performance (Einstein et al., 1990);
for review, see McDaniel & Butler, 2011.) It is worth mentioning that a modified
theoretical analysis might underpin “redundancy” effects (no benefit of elaborative
encoding for retrieval practice effects), if found. Multiple retrieval practice trials are
more effective than fewer trials (e.g., Roediger & Karpicke, 2006b), accordingly,
if elaborative encoding recruits similar processing to that of retrieval practice, then
elaborative encoding (at study) could potentially mimic an additional retrieval prac-
tice trial and improve performance'. A redundancy pattern could be observed, how-
ever, were it the case that retrieval practice effects hinge on stimulating elaboration
that provides more potent mnemonic components than that of elaborative encoding
per se (cf. Whiffin & Karpicke, 2017). For instance, the episodic context account of
retrieval benefits suggests that retrieval practice reinstates the original encoding con-
text, thereby enriching that context with contextual details present during retrieval,
which in turn would aid subsequent retrieval (Karpicke et al., 2014). Elaborative
encoding per se would not necessarily confer that context reinstatement advantage
(Whiffin & Karpicke, 2017).

In the following sections, I review the available literature on combining elabora-
tive encoding techniques with retrieval practice. The review is organized in terms of

! I thank John Dunlosky for raising this possibility.
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the learning task (material) examined, starting with an everyday task and proceed-
ing to educationally relevant learning tasks with increasingly complex materials.
Though the number of available studies is somewhat limited, this literature is nev-
ertheless informative when viewed from the lens of the theoretical possibilities just
outlined. Table 1 provides an overview of these studies, highlighting the elaborative
techniques implemented, the retrieval-practice parameters, and the major outcomes
for each study.

Name Learning

A common everyday learning task is learning and remembering people’s names.
Names are difficult to remember (Cohen & Burke, 1993; Valentine et al., 1996), and
surveys have shown that many would like to better remember people’s names (Hig-
bee, 2001). Based on a repeated retrieval practice technique, Morris and Fritz (2000,
2002) developed a “name game” strategy to enhance name learning. The key ques-
tion aligning with the scope of this article is whether combining elaborative encod-
ing with repeated retrieval practice produces learning gains relative to that obtained
with retrieval practice alone. A study by Morris et al. (2005) provided consistent and
compelling results informing this question.

Morris et al. (2005) manipulated the absence/presence of retrieval practice and
the absence/presence of a semantic elaboration technique that could be applied to
name learning. The technique involves attempting to find meaning in parts of a
name (e.g., for Herrmann one could think of airman) or in the whole name (e.g.,
Baker). Participants in the semantic elaboration conditions were instructed to think
of meanings of names and given examples. For instance, to learn Linda Fielding the
suggestion was to think of someone you know named Linda and imagine her field-
ing in a cricket game. In Experiment 1, college students attempted to learn first and
last name pairings, such that they could provide the last name when cued with the
first name. All four learning groups (reflecting the factorial combination of absence/
presence of retrieval practice and absence/presence of instructions for semantic
elaboration) received four repetitions of each name; the repetitions were presented
in an expanding schedule (1, 5, and 9 items were interleaved between the 1st-2nd,
2nd-3rd, and 3rd—4th, repetitions respectively). The study list consisted of 20 first-
last name pairings and 9 filler names to enable the expanding repetition schedule.
In the two groups with retrieval practice (retrieval practice following uninstructed
study; retrieval practice following semantic-elaboration study), one study opportu-
nity for each name was followed by 3 retrieval practice trials in which the first name
was presented, and last name recall was attempted; no feedback was provided after
the retrieval attempts. Five minutes after the learning session, participants attempted
to recall the last names when cued with the first names.

As can be seen in Table 2 (first row), retrieval practice alone (2nd column) and
semantic elaboration alone (3rd column) produced substantial increases in the
proportion of last names correctly recalled relative to the uninstructed (control)
repeated study condition (Ist column). Note that these effects reflected very large
effect sizes (Cohen’s d = 3.1 and 2.6, respectively), with semantic elaboration
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Table2 Mean proportion correct on the final name-recall test as a function of condition from Experi-
ments 1 and 2 in Morris et al. (Morris et al. (2005). Strategies for learning proper names: Expanding
retrieval practice, meaning and imagery. Applied Cognitive Psychology, 19(6), 779-798)

SSSS SRRR EEEE ERRR
Experiment 1 17 45 42 .70
Experiment 2 .16 .38 28 .53

Experiment 2 but not Experiment 1 provided correct answer feedback after each retrieval attempt and
tested secondary school participants

SSSS repeated study control condition, SRRR retrieval practice condition (with three retrieval practice
attempts for each item), EEEE elaborative encoding condition in which participants were instructed to
generate semantic associations for the names, ERRR elaborative encoding plus three retrieval practice
attempts

encoding producing gains approximately equivalent to that seen for retrieval prac-
tice (¢ < 1). Of central importance for present purposes, combining retrieval prac-
tice with semantic elaboration (4th column) produced enormous gains in learning
relative to the repeated study control group and substantial gains relative to each
technique alone. Further, the magnitude of the gain (relative to the repeated study
control) when combining the techniques (.53) was virtually equivalent to the sum
of the gain produced by retrieval practice alone and semantic elaboration alone
(.54).

In Experiment 2, the name learning task was modified such that photo-
graphs of faces were paired with full names (first and last); at test participants
were required to try to remember the full name when cued with the photograph.
Secondary school students served as participants, and for the conditions with
retrieval practice, after each recall attempt the full name was provided as feed-
back. The results paralleled those from Experiment 1. As can be seen in Table 2
(second row), combining retrieval practice with semantic-association encoding
produced substantial gains on the final recall test (relative to the repeated study
control). Further, this advantage again approximated an additive effect of each
individual technique alone.

A less central result is that the elaborative encoding effect in Experiment 2,
though significant, was not as robust as that in Experiment 1 or as the retrieval prac-
tice effect (see Table 2); however, the instructed semantic-association technique was
not designed to promote associative connections between the photograph and target
name (critical for the recall task of responding with the name when given the photo-
graph; see Pressley et al., 1982, Experiments 4 and 5, for an analogue with vocabu-
lary learning). An elaborative technique that included enriching those connections
could be expected to produce stronger elaboration effects.

Taken together, the results of these two experiments are clear cut and important.
For name learning, effective elaborative encoding clearly augmented the memory
benefits that retrieval practice produced on its own. Two aspects of these findings
merit emphasis. First, implementing the elaborative encoding technique was straight-
forward and did not demand more study time than the control study condition.
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Second, regarding the theoretical implications, the pattern consistently aligned
with the view that elaborative encoding techniques are complementary to retrieval
practice, such that each provides independent and additive benefits to learning and
memory.

Vocabulary Learning

A challenging learning task present in educational settings, as well as for individ-
uals attempting on their own to acquire a foreign language, is learning and retain-
ing foreign-language vocabulary meanings. This task, similar to name learning,
is an ecologically valid instance of a venerable associative learning task—paired
associate learning, and it is extremely tractable for laboratory experimentation.
Likely for these reasons, laboratory experiments examining the effects of retrieval
practice on foreign vocabulary learning are common (e.g., Carpenter et al., 2008;
Carrier & Pashler, 1992; Jonsson et al., 2014; Kang & Pashler, 2014; Karpicke,
2009; Keresztes et al., 2014; Miyastu & McDaniel, 2019; Toppino & Cohen,
2009; Vestergren & Nyberg, 2014). The standard finding is that repeated retrieval
practice produces significantly better memory of the meanings of foreign vocabu-
lary items than does repeated study (notable exceptions are addressed later in this
section). A more modest but equally important literature has examined whether
combining elaborative encoding techniques with retrieval practice provides sig-
nificant gains in learning and retention of foreign vocabulary relative to retrieval
practice alone.

In a classroom experiment embedded in the regular instruction for a German-
language class (for English speaking students), Fritz et al. (2007) manipulated
eighth-grade students’ study methods for German vocabulary. Of interest was the
utility of retrieval practice, a mnemonic encoding technique (keyword method),
and the combination of the two for improving learning over a more standard (con-
trol) condition in which the English words and corresponding German vocabulary
word were presented along with an elaboration (to potentially add interest and
improve learning). In foreign language learning, both productive and receptive
aspects are important; accordingly, both were tested—the productive test required
recall of the German vocabulary word when given its English meaning and the
receptive test required recall of the English translation of a given German vocab-
ulary word. Additionally, both tests were administered immediately on comple-
tion of study and were repeated after a 1-week delay. On all four tests, retrieval
practice alone and keyword encoding alone produced better performance than the
control. The improvement in vocabulary learning produced by each technique
reflected large effect sizes (except for the keyword advantage on the delayed pro-
ductive test, which approached a medium size effect). Thus, both techniques on
their own were quite effective (similar results for adults were obtained in Experi-
ments 1 and 2, using a rote rehearsal control and an own-method control, respec-
tively; a combined condition was not included in these experiments).

This brings us to the central question: Did combining retrieval practice with
the effective keyword method provide even greater gains in learning and retention
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relative to retrieval practice alone? Based on the reasoning that the positive
effects of retrieval practice and the keyword encoding mnemonic would each be
supported by different mechanisms (echoing the complementary view in the pre-
vious section), Fritz et al. (2007) anticipated that combining retrieval practice
with the keyword encoding would produce additive effects relative to the effects
of each method alone (i.e., the advantage of each method relative to the control
study condition). Perhaps surprisingly, this pattern did not emerge. Relative to the
control, the magnitude of the combined-condition advantage was smaller than the
sum of effects of each individual method—that is, it was not additive. Moreover,
for both the productive and receptive tests (immediate and delayed), the combined
condition generally did not produce significant gains over the individual methods
(keyword, retrieval practice). Most telling, for every test, the combined condition
produced only a very slight increase in performance relative to the retrieval prac-
tice condition; the effect size consistently equaled 0.1 (Cohen’s d), which does
not reach the conventional level of even a small effect (0.2). Essentially, there was
little evidence that supplementing retrieval practice with an effective encoding
mnemonic improved either productive or receptive foreign-vocabulary learning
(for eighth graders). This pattern is consistent with the redundancy view outlined
earlier: The effective processes prompted by the keyword technique presumably
overlapped with those associated with retrieval practice.

However, several aspects of the design present difficulties for clear interpretation
of the results of the combined condition. First, the study conditions were manip-
ulated within-students, with the conditions sequenced in a fixed order (control,
retrieval practice, keyword, combined). This was because the researchers wanted to
avoid the possibility that early exposure to the keyword condition could prompt the
students to carry over the use of that method to subsequent conditions. Fritz et al.
(2007) noted that students might have been fatigued when they finally encountered
the combined condition, thereby penalizing performance in that condition.

A second aspect that complicates interpretation is that the retrieval practice
method was restricted to practice on production; for the four retrieval practice tri-
als of the vocabulary set, the students had to attempt recall of the German word
when given the English (one-word) translation. By contrast, the keyword method
is designed for receptive learning. In this method, for English speakers, a familiar
English sound alike word (the keyword) is identified from the given foreign word,
and then an interactive image is constructed linking the keyword to the meaning of
the foreign word. For instance, for the German word PLATZ, which means fown
square, the keyword was PLATES, and one could imagine white plates littered over
the town square. For a reception test, when given PLATZ, the keyword PLATES
is identified and is used to cue the image of plates littered on the (town) square to
directly retrieve the translation (fown square). For a production test, the utility of the
keyword is not as straightforward: The English word town square would presumably
cue the image of the square littered with PLATES, from which the unfamiliar Ger-
man word PLATZ must be retrieved or constructed. Most commonly, the keyword
method is proposed to enhance performance on a receptive test but not necessarily
a productive test, and the literature generally supports that assumption (Pressley &
Levin, 1981; Pressley et al., 1980). (In the present experiment the keyword method
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did enhance productive learning relative to the control, but with only a modest effect
size after a delay.)

The upshot is that each technique was arguably most directly aligned with a
different type of test. Consequently, one possible interpretation of the seemingly
curious patterns of the combined condition is that the mnemonic processes asso-
ciated with each technique were more prominently relied upon for the aligned
test. The processes for the “misaligned” technique, though effective on its own,
were less recruited when combined with the more aligned technique. Specifi-
cally, when given the production test, in the combined condition students could
rely heavily on mediators stabilized through retrieval practice (see Pyc & Raw-
son, 2010) instead of the keyword provided from the keyword method. By con-
trast, when given the reception test, students might have attempted to rely on the
keyword embedded in the given German vocabulary item to retrieve the English
translation. Complicating matters further the reception test followed the produc-
tion test, perhaps somewhat contaminating the results of the reception test.

A more straightforward set of experiments focused only on receptive vocab-
ulary learning (recall the English meaning when given the foreign vocabulary
word) and manipulated study condition in between-subjects fashion (Miyatsu &
McDaniel, 2019). The presence/absence of keyword mnemonic encoding was
factorially combined with the presence/absence of retrieval practice, yielding
four groups. Each group studied a list of 40 Lithuanian-English pairs for three
rounds. In the study only group (SSS), participants simply studied the vocabulary
for the three rounds without keyword encoding instructions and without retrieval
practice. In the keyword group (K, K, K,,) participants studied the vocabulary
pairs with suggested keywords and images for all three rounds. In the study plus
retrieval practice group (SRR), participants studied the vocabulary list in round
one and then attempted to retrieve the English meanings given the Lithuanian
words during the second and third rounds of the learning phase. In the combined
keyword plus retrieval practice condition (K, RR) participants studied the list in
round one using the keyword method, and then they engaged in retrieval practice
during the second and the third rounds.

It is worth emphasizing that a key objective of the Miyatsu and McDaniel
(2019) study was to explore the benefits of combining elaborative (keyword)
encoding with retrieval practice when retrieval practice is limited (two rounds
per item in this study). Studies investigating retrieval practice to enhance vocabu-
lary learning have used relatively high dosages of retrieval practice, with pos-
itive results (e.g., Kang & Pashler, 2014: four times per item; Keresztes et al.,
2014: six times per item). However, in applied settings, students are faced with
high demands on their study time from their various courses (e.g., students indi-
cate running out of time to study for a particular course because they prioritize
upcoming exam(s); Susser & McCabe, 2013; Rea et al., 2022), and they indicate
that a major barrier to using effective strategies like retrieval practice is lack of
time (Rea et al., 2022). Accordingly, it is plausible that in educational settings,
students’ use of retrieval practice for a set of vocabulary items is not necessarily
extensive; rather retrieval practice for an assigned vocabulary set might be limited
to a session or two. Under these circumstances, there may be substantial pay-off
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Table 3 Mean proportion meanings recalled (given the foreign vocabulary word) on the final test as a
function of condition from Experiments 1-3 in Miyatsu and McDaniel (Miyatsu & McDaniel (2019).
Adding the keyword mnemonic to retrieval practice: A potent combination for foreign language vocabu-
lary learning? Memory & Cognition, 47, 1328-1343)

SSS SRR KKK KRR
Experiment 1 35 37 44 51
Experiment 2 22 22 32 51
Experiment 3 21 22 28 42

In Experiment 1, the final test was 2 days after the study phase; in Experiments 2 and 3, the final test was
1 week after the study phase

SSS repeated study control condition, SRR retrieval practice condition (with two retrieval practice ses-
sions), KKK keyword encoding condition in which participants were provided keywords in each of the
three study sessions, KRR keyword encoding plus two retrieval practice sessions

to engage in elaborative encoding on initial study before attempting retrieval
practice. Indeed, modest retrieval practice after a single typical read/study session
(without elaborative encoding techniques) may do little to enhance retention of
foreign vocabulary. For instance, when Kang and Pashler (2014) tested partici-
pants twice after a single initial exposure to Swahili-English pairs, test-enhanced
learning was not consistently observed across three experiments (unlike a four-
time testing conditions that showed reliable test-enhanced learning).

Two major sets of results (from Miyatsu & McDaniel, 2019) supported the
possibilities just outlined. First, across three experiments, two rounds of retrieval
practice failed to significantly enhance recall of the meanings of the Lithuanian
words. As the first and second columns of Table 3 show, recall in the repeated
study (SSS) and the corresponding retrieval practice group (SRR) was essen-
tially equivalent on the final test administered 2 days (Experiment 1) and 1 week
(Experiments 2 and 3) after the learning phase. To maximize power to detect a
retrieval practice effect, final test performance for these groups was combined
across experiments (160 total participants), and still there was no retrieval prac-
tice effect (SSSy; = .26; SRRy= .27; d =.06). Experiment 3 also included condi-
tions with four rounds of retrieval practice (SRRRR) or four additional rounds of
study (SSSSS). With more extensive rounds of retrieval practice, converging with
studies previously mentioned, an advantage of retrieval practice began to emerge
(SSSSSy; = .27; SRRRRy= .37; d = .44).

Second, preceding retrieval practice with elaborative (keyword) encoding of the
vocabulary list produced retrieval practice effects. That is, as shown in the third and
fourth columns of Table 3, retrieval practice improved performance when it fol-
lowed the effective keyword encoding (relative to keyword encoding alone). Also,
as anticipated by the catalytic view, a planned interaction test indicated that the test-
ing effect in the combined testing-keyword condition was significantly more robust
than the testing effect without the keyword method (in Experiments 2 and 3 in which
final performance was tested 1 week after the learning sessions). Overall, these pat-
terns align with view that effective elaborative encoding can catalyze the mnemonic
benefits of retrieval practice (within the boundary conditions specified earlier in this
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article when outlining the catalytic view). The idea is that elaborative encoding (the
keyword method in this case) can support relatively high levels of initial retrieval,
with initial retrieval promoting subsequent retention (positive retrieval practice
effects). Without elaborative encoding, initial retrievals (e.g., the two rounds) may
be relatively low, thereby undermining benefits of retrieval practice relative to a res-
tudy condition that re-exposes all the items (only the few items retrieved gain the
mnemonic benefit of retrieval; Kornell et al., 2011).

The recall results from the retrieval practice trials reinforced this account. Specif-
ically, in the second retrieval round after study alone (without keyword-mnemonic
instruction), participants could recall only about one-third of the meanings of the
vocabulary words (consistently across the 3 experiments). By contrast, the second
round of retrieval practice after effective elaborative study (keyword-mnemonic)
produced correct recall for about half of the vocabulary items. It is important to
emphasize that these results were obtained even though correct answer feedback
was provided in both retrieval practice rounds. Thus, even when the SRR group had
the opportunity to learn correct answers from feedback, learning from feedback in
the initial round of retrieval practice still did not allow learners to “catch-up” to the
boost in retrieval provided by initial elaborative encoding.

In terms of applied importance, the combination of effective elaborative (key-
word) encoding and limited retrieval practice for learning foreign vocabulary mean-
ings was extremely potent. Referring again to Table 3, with no more total time spent
in the acquisition phase (relative to the total study time for the SSS group) the com-
bined group’s final recall was substantially greater than that supported by restudy
alone. Indeed, recall was doubled (Experiment 3) or more than doubled (Experiment
2) by combining elaborative encoding with retrieval practice (relative to restudy
alone). Further, combining the two techniques added recall gains relative to using
either technique alone.

Another index of the potency of preceding retrieval practice with effective encod-
ing is the savings in total time spent during acquisition in the combined condition
relative to using more extensive retrieval practice alone. In Experiment 3, some
groups received four total retrieval practice trials after being exposed to the vocabu-
lary list. Yet, this extended retrieval practice group (SRRRR) group did not achieve
the level of final recall performance (M = .37) that was reached by the group using
keyword encoding and only two retrieval practice trials (M = .42). (Again, this
result emerged even though the extended retrieval practice was accompanied by
correct-answer feedback in every retrieval practice round.) For students faced with
heavy demands on their study time, reducing additional retrieval practice repetitions
(needed to achieve a particular performance level) by initially employing effective
elaborative encoding would seem highly attractive.

I now turn to an examination of whether elaborative encoding benefits retrieval
practice for vocabulary learning in a quite different acquisition situation. When
implementing retrieval practice for learning meanings of new vocabulary, rather
than set a fixed amount of time for acquisition and rather than study always pre-
ceding retrieval practice, another approach could be to persist in alternating peri-
ods of study and retrieval practice until all meanings have been successfully recalled
at least once. Within this kind of learning paradigm, Karpicke and Smith (2012)

@ Springer



Educational Psychology Review (2023) 35:75 Page 150f30 75

examined learning of 30 unfamiliar English vocabulary items (e.g., antiar, which
means poison). Of interest for present purposes, one manipulation was whether par-
ticipants received no instructions on how to study or were instructed with the key-
word elaborative encoding technique. Because the paradigm was somewhat com-
plex, below I outline only the features most pertinent to the present issue.

All participants received multiple study and test periods. Each study period
preceded each test period, and each period included several study trials and sev-
eral test trials, respectively. After the first study and first test period, there were
variations in how the following study and test periods were configured. The key
condition I discuss here is the repeated retrieval condition. In this condition,
once an item’s meaning had been successfully recalled, it was dropped from the
study list but was retained in the list for two more retrieval periods (each of which
had several retrieval trials). (In other conditions, once an item was successfully
recalled it was dropped from the following retrieval periods.) The elaborative
(keyword) study manipulation was implemented differently across two experi-
ments. In Experiment 1, after the first successful recall of an item, the keyword
mnemonic was presented (for that item), and participants were instructed to use
that mnemonic for all further study/test trials. In Experiment 2, the keyword mne-
monic was given on every study trial (but remember that in the repeated retrieval
condition, after study period 1, an item was dropped from study if previously suc-
cessfully recalled).

One week after the acquisition session, participants were tested for their mem-
ory of the meaning of each vocabulary item when cued with the item. The result
of interest is whether in the repeated retrieval condition, elaborative encoding
enhanced the performance relative to no (provided) elaborative encoding. In both
experiments, the elaborative encoding group recalled numerically more mean-
ings than the no-elaborative encoding group (Figs. 2 and 4, last set of bars, pre-
sented in Karpicke & Smith, 2012), but these differences were not statistically
significant. This paradigm, however, may have obviated the need for elaborative
encoding because study (and retrieval periods) continued until an item was suc-
cessfully recalled. That is, even in the no-elaborative encoding condition, study
was repeated until the item could be recalled, and then repeated retrieval prac-
tice continued for that item. Moreover, retrieval practice was relatively extensive:
Retrieval practice (there was a minimum of a first retrieval period with at least
several retrieval trials) always occurred for an item along with study, and this
was repeated, until the item was recalled once; then retrieval practice for recalled
items continued to be repeated in subsequent retrieval periods.

Accordingly, the implications for application (which was not the purpose of
the study) may be limited because such extensive retrieval practice would be unu-
sual in educational settings (based on literature in which the testing effect has
been applied in classrooms; see reviews by Agarwal et al., 2021; Trumbo et al.,
2021). Yet, even when retrieval practice is implemented within a learning-to-
criterion paradigm, there still may be a reliable, albeit small, boost to retrieval
practice from elaborative encoding (consistent across Experiments 1 and 2 in
Karpicke & Smith, 2012). Unfortunately, the statistical power in Karpicke and
Smith (2012) to detect such an effect was not adequate (16 participants in each
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condition, providing negligible power [.28] to detect a medium-size effect and
low power [.59] to detect even a large-size effect for the comparison). More stud-
ies are clearly warranted concerning the issue of whether elaborative encoding
augments retrieval practice benefits produced by extensive retrieval practice.

Learning Scientists’ Names and Contributions

Another common and challenging task in educational settings is to learn to pair
proper names with facts, events, and accomplishments (Jones & Hall, 1982).
Elaborative encoding techniques such as the keyword method have been shown to
significantly enhance performance on this type of task (Jones & Hall in a class-
room setting; Shriberg et al., 1982). Regarding retrieval practice, based on exper-
iments with like materials (learning to pair items with arbitrary associations, such
as vocabulary learning) almost certainly sufficient retrieval practice would also
enhance learning of proper name—fact/accomplishment pairings. Would combin-
ing the two enhance learning over each alone?

Cummings et al. (2023) addressed this key question for the task of learning
the contributions of scientists in a particular discipline. They assembled materials
from a university cultural anthropology course in which the summative assess-
ment included having to recall the key contribution of each of the anthropologists
covered in the course. In the experiment, each anthropologist’s name (e.g., Mar-
vin Harris) was accompanied by a brief explanation of their contribution to the
field of anthropology (e.g., “The perspective that the physical world affects and
puts constraints on human behavior”). Four learning conditions were included
based on the factorial combination of the presence/absence of keyword encoding
and the presence/absence of retrieval practice. Following Miyatsu and McDaniel
(2019), the SSS (no keyword, no retrieval practice) control condition involved
three study sessions in which each anthropologist and their contribution were pre-
sented. In the KwKwKw (keyword, no retrieval practice) condition, in each study
session participants were presented with the anthropologist, their contribution
and a keyword link between the two (e.g., “Think of a heavy hair blanket (HAR-
ris) covering a person and constraining them”). In the SRR condition after the
first study session, participants were given two sessions of retrieval practice (cor-
rect answer feedback included). In the KwRR condition, the first study session
included the keyword link followed by two retrieval practice sessions. The final
test, in which participants attempted recall of the contribution when cued with the
anthropologist, was administered 2 days after the learning session.

In Experiment 1, with a modest list length (18 items), retrieval practice (SRR)
produced significantly better retention than did repeated study (SSS). In Experi-
ment 2, with a more challenging list length (30 items), there was a nonsignificant
advantage of retrieval practice relative to repeated study. To contextualize these
effects, the retrieval-practice effects were medium size in both experiments; by
contrast, the significant advantages of the elaborative encoding (keyword) tech-
nique (KwKwKw vs. SSS) for final recall were large-size effects in both experi-
ments (Table 4 provides means). Most importantly, combining retrieval practice
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Table 4 Mean proportion recalled of anthropologists’ contributions (given the anthropologist’s name) on
the final test as a function of condition from Experiments 1 and 2 in Cummings et al. (Cummings et al.
(2023). Do not forget the keyword method: Learning educational content with arbitrary associations.
Journal of Applied Research in Memory and Cognition, 12, 70-81)

SSS SRR KKK KRR
Experiment 1 28 41 46 .55
Experiment 2 24 38 43 .59

SSS repeated study control condition, SRR retrieval practice condition (with two retrieval practice ses-
sions), KKK keyword encoding condition in which participants were provided keywords in each of the
three study sessions, KRR keyword encoding plus two retrieval practice sessions

with effective elaborative encoding (KwRR) produced substantial learning ben-
efits. Relative to study alone the combined condition increased final test perfor-
mance by nearly 90% in Experiment 1 and more than 145% in Experiment 2. Fur-
ther, the combined condition produced better performance than either technique
alone. This pattern is consistent with the complementary view outlined earlier:
Effective encoding strategies and retrieval practice serve complementary roles for
learning and retention, thereby producing approximately additive effects.

Learning from Connected Discourse

Of the learning tasks considered herein, by far the most ubiquitous for educational
settings is learning from connected discourse—students are routinely required to
learn content delivered in lectures and assigned readings. Experimental work has
established that retrieval practice can promote learning and retention for content
from expository text (e.g., Glover, 1989; Kang et al., 2007; Roediger & Karpicke,
2006b). Indeed, retrieval practice is a keystone of the effective read-recite-review
study strategy for text learning (Martin et al., 2016; McDaniel et al., 2009). The
central question here is whether combining elaborative learning strategies with
retrieval practice augments these positive effects of retrieval practice. Four studies
with connected discourse have begun to address this question, but with a paradigm
that diverges from that implemented in the experiments reviewed thus far focus-
ing on associative learning tasks. For the associative learning tasks, elaborative
encoding was introduced prior to retrieval practice. By contrast, the paradigms
with connected discourse implement an elaborative strategy concurrently with
retrieval practice.

In Endres et al. (2017), participants viewed a 30-min lecture for the purpose of
learning its contents for a posttest. Immediately after the lecture, the retrieval prac-
tice conditions were manipulated. In one condition, participants attempted to recall
the contents of the lecture (standard free recall). In the other condition, termed here
elaborative free recall, participants were additionally instructed to “refer to exam-
ples from your own life, which illustrate the learning material, are consistent with
it, or stand in conflict with it” (Endres et al., p. 15). This elaborative prompt was
designed to stimulate learners to draw connections among concepts and relate those
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concepts to prior knowledge, elaborative processes that support learning and com-
prehension. As indicated by the recall protocols, the elaborative free recall condition
did engage in substantially more elaboration than did the standard recall condition;
the standard recall condition showed very little elaboration. The conditions were
equivalent, however, in the amount of lecture content recalled.

One week later, participants completed a final test composed of fact questions
(e.g., “What is the central executive?”) and of comprehension questions (e.g.,
“Describe the three kinds of cognitive load in their relation to each other. Provide
your own example which illustrates the load types in relation to each other.”). Elabo-
rative free recall did not produce greater fact learning than did standard free recall
(standard retrieval practice). Critically, however, engaging in elaboration when
attempting recall significantly improved performance on the comprehension test (M
= 7.13 points) relative to simply attempting recall (M = 5.56 points). These results
indicate that retrieval-practice effects with complex materials can be enhanced when
recall is enriched with an elaboration strategy.

Roelle and Niickles (2019) conducted a similar study on learning from expository
text using an expanded design that factorially manipulated the presence/absence of
the elaborative strategy and the presence/absence of retrieval practice. In the initial
study phase, participants first read a didactic text on academic self-concept, with
the instruction to prepare themselves for subsequent questions about the content.
Then, participants in the no elaboration/no retrieval practice group were instructed
to reread the text for 30 more minutes. In the no elaboration/retrieval practice group,
instead of rereading for 30 min, participants were given 30 min to free recall every-
thing they remembered from the text. In the elaboration/no retrieval practice group,
with the text in view, participants spent 30 min elaborating by responding to prompts
to highlight the main content items and their connections and to illustrate the main
content by giving their own examples. In the combined elaboration/retrieval practice
group, participants responded to the elaboration prompts for 30 min without the text
in view (which required retrieval). After a 1-week delay, participants completed a
post-test with three sets of questions. The first set required reproduction of the text’s
content (open-ended questions like “What is the big-fish-little-pond effect and what
does basking-in-reflected-glory mean?”); the second set assessed comprehension
with open ended questions that required explanation of concrete scenarios; and the
third set was multiple-choice questions testing recognition of statements from the
text.

In one experiment, the text was highly cohesive and elaborated’, a text that the
authors anticipated would produce retrieval practice effects on text learning and reten-
tion. Confirming this expectation, as can be seen in Table 5 the retrieval practice (free
recall) alone group performed better than the reread group on the comprehension

2 Using accepted guidelines for preparing texts with high cohesion, the text (on academic self-concept
and achievement) was written “such that (a) within each of the four subtopics only one main line of argu-
mentation was followed at a time (i.e., there was no jumping back and forth between different lines of
argumentation), and that (b) interrelations between the four subtopics were explicated at the end and/or at
the beginning of the respective paragraphs” (Roelle & Niickles, 2019, p. 1345). To ensure high elabora-
tion, main ideas were enriched by illustrative examples.
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Table 5 Mean proportion correct for the comprehension questions and reproduction questions as a func-
tion of condition from Experiment 1 in Roelle and Niickles (Roelle & Niickles (2019). Generative learn-
ing versus retrieval practice in learning from text: The cohesion and elaboration of the text matters. Jour-
nal of Educational Psychology, 111(8), 1341-1361)

Reread Read-retrieve Elaborate Elaborate-retrieve
Comprehension 41 Sl 45 .55
Reproduction 40 43 41 49

Comprehension was assessed with open ended questions that required explanation of concrete scenarios.
Reproduction of the text’s content was assessed with open-ended questions (e.g., “What is the big-fish-
little-pond effect and what does basking-in-reflected-glory mean?”). These questions were administered
1 week after the learning session

questions (compare 2nd vs. 1st columns). Further, there was only a slight and non-
significant advantage for the elaboration only group relative to reread (3rd vs. 1st col-
umn). Most importantly, diverging from Endres et al. (2017; with a lecture), requiring
elaboration during retrieval did not significantly improve comprehension perfor-
mance relative to retrieval practice alone. It is worth emphasizing that for this experi-
ment the elaborative activity was not effective in improving final test performance
(relative to reread), and consequently would not be seen as a desirable elaborative
strategy for augmenting retrieval practice effects for these materials. However, from a
theoretical perspective, the pattern is quite interesting in as much as the comprehen-
sion benefit for the combined group (.14 relative to reread) is exactly the sum of the
nominal benefit of elaboration alone (.04) and retrieval alone (.10). These additive
effects are completely in line with the idea that elaborative strategies and retrieval
strategies provide complementary benefits for learning and retention.

For the reproduction questions, there were no significant effects (see row 2 of
Table 5); thus, retrieval practice did not significantly increase recall (relative
to reread or in general as a main effect). Still, the combined group produced the
best performance relative to the other three groups, perhaps hinting that engaging
in elaboration during retrieval practice provides unique advantages to either alone.
Performance on the multiple-choice questions was high and varied little across the
groups (ranging from .81 to .85).

Blunt and Karpicke (2014) reported yet another pattern in an experiment that
examined the effects of combining an organizational elaborative task—concept
mapping—with retrieval practice. In a concept-mapping activity, students generate
diagrams composed of nodes that are linked together; the nodes represent concepts,
and the links represent relations among the concepts, with the nature of the relation-
ship typically represented by labeling the links. In a critical experiment (Experiment
2), the presence/absence of the elaborative concept mapping activity was factori-
ally combined with the presence/absence of retrieval practice. The learning session
intermixed repeated reading with the assigned learning activity; participants first
read a relatively short science text (about 280 words), then performed the learning
activity, reread the text, and then performed the learning activity again. For the con-
trol (no concept mapping; no retrieval practice), the learning activity involved copy-
ing the paragraphs of the text. For the concept mapping condition without retrieval
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practice, participants generated a concept map while viewing the text. For the
retrieval practice condition without concept mapping, participants had to recall as
much of the text as they could remember. For the combined condition (concept map-
ping + retrieval practice), participants had to generate a concept map without having
access to the text (i.e., while retrieving). One week later participants completed a
short-answer test that included factual (verbatim) questions (“what do proteins lose
at high temperature?”’) and inference questions (“What happens to catalytic activity
if temperature decreases?”).

For factual questions, concept mapping was effective; when completed while
viewing the text (no retrieval) it produced learning and retention gains relative to the
control (M’s = .43. vs. .33). Retrieval practice alone was also effective (M = .49).
However, engaging in concept mapping while retrieving (M = .46) had no additional
benefit over retrieval practice alone and only a slight benefit if any over concept
mapping alone. Performance on inference questions could not inform the issue of
whether effective elaboration boosts retrieval-practice effects, because concept map-
ping without retrieval (M = .32) did not benefit performance relative to the no con-
cept-mapping control (M = .30) (somewhat surprisingly as noted by the authors).

The pattern for the factual questions converges on the conclusion that the organi-
zational or relational processing presumed to be promoted by concept mapping
“may be redundant with the processing people already engage in when practicing
retrieval” (Blunt & Karpicke, 2014, p. 857). This interpretation is clouded by the
following consideration, though. The benefits of requiring elaboration when per-
formed concurrently with retrieval could be depressed because requiring retrieval
to perform the elaborative activity can reduce the amount of content from the text
that is elaborated. Indeed, when engaging in concept mapping alone (in the presence
of the text) participants on average included over half of the idea units from the text
(53%); whereas when concept mapping was performed with retrieval, fewer than a
third of the idea units were included in the maps (32%) (averaged across the two
learning-activity sessions).> A study that required concept mapping during study
and followed by retrieval practice would be informative for evaluating the redun-
dancy interpretation.

Larsen et al. (2013) also factorially manipulated the presence/absence of an elab-
orative strategy (self-explanations) and the presence/absence of retrieval practice in
an experiment in which 1%-year medical students learned clinical neurology topics
from a classroom teaching session (using an interactive didactic format). The elabo-
ration and retrieval practice manipulations were within-subjects, such that each stu-
dent experienced each of the four conditions (each condition was assigned to one
of four topics taught). Following the initial lesson (in which all four topics were
studied), students completed each of the four conditions (repeated study, retrieval,

3 The paradigm also blended direct benefits of successful retrieval with indirect benefits of potentiat-
ing further learning on subsequent study (the first retrieval session was followed by a second reading
of the text) (Arnold & McDermott, 2013; Little & McDaniel, 2015). Accordingly, it is possible that the
processing learners engaged in while restudying after a retrieval attempt (the processing associated with
test-potentiated learning) is the processing that was primarily redundant with organizational or relational
processing presumed to be promoted by concept mapping
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self-explanation, retrieval + self-explanation), with a particular condition assigned
to a particular topic (counterbalanced across students). Subsequent sessions of study
or retrieval practice were repeated four times, spaced over a 3-week period after
the lesson was taught. For the repeated study condition, students studied (4 times)
a review sheet of 26-30 items included in the lesson for the topic. For the retrieval
practice alone condition, students had to complete a short answer written test (4
times), and then they scored their responses from an answer key. For the elaboration
condition, students were provided with the review sheet and instructed to generate
explanations for why each piece of information was important and how it related
to existing knowledge. The retrieval plus elaboration condition required students to
respond to the short-answer questions and generate explanations for the information
they recalled (and then scored their responses).

Another novel feature of this experiment was that final testing was administered
after a long (6-month) interval. The test provided a short clinical scenario for a
patient (demographic information and the chief complaint). Students were instructed
to write an essay outlining their approach to managing the patient, with the essay to
include all the information provided in the initial teaching session (and further prac-
ticed). One notable finding was that both repeated self-explanation (M = .29) and
repeated retrieval practice (M = .36) produced significantly more information cor-
rectly recalled than did repeated study (M = .20). This finding reinforces the benefits
of effective elaboration (in this case self-explanation) and of retrieval practice for
very long term retention (and application) of course material.

For present purposes, the central finding was that combining retrieval prac-
tice with self-explanation (M = .40) nominally improved performance relative to
retrieval practice alone, but the difference was not statistically significant. Moreover,
the combined effects of self-explanation and retrieval relative to repeated study (an
increase of .20) was somewhat less than the sum of the individual effect of self-
explanation (.09) and individual effect of retrieval practice (.16). However, it must be
noted that self-explanations were successfully completed for 96% of the key lecture
information in the self-explanation alone condition (the review sheet from which the
explanations were generated included all the key pieces of information), whereas
for the retrieval plus self-explanation condition, self-explanations were completed
for 71% of the information recalled; and only about 75% of the information was
recalled. Thus, the upshot is that students generated self-explanations for much less
of the lecture when self-explanations were attempted during retrieval than when
attempted without retrieval (review sheets present) (similar to the Blunt & Karpicke,
2014, findings). Nevertheless, the authors concluded that “educators should seek to
incorporate both of these powerful learning techniques [repeated retrieval and self-
explanation] into their curricula in order to enhance long-term retention and the
application of learned material” (p. 682).

The results from the limited literature taken in concert (one study with learning
from a lecture, one with a classroom lesson, and two with expository texts) mildly
suggest that engaging in elaboration during retrieval practice might augment the
benefits of retrieval practice (except Blunt & Karpicke, 2014). To the extent that
requiring retrieval while elaborating can impair the quantity and quality of elabora-
tion because of the hurdle of having to retrieve the idea units for which elaboration
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is engaged (Larsen et al., 2013; Roelle & Niickles, 2019), a more fruitful and suc-
cessful approach to combining elaboration with retrieval practice could be to imple-
ment elaboration and retrieval practice successively (as was done in all of the studies
that investigated combining elaborative encoding and retrieval practice for associa-
tive learning tasks). Specifically, elaborative tasks would be implemented with the
initial study/reading session. A few of the many examples in the text-learning lit-
erature include inserting embedded questions to prompt self-explanation (McDan-
iel & Donnelly, 1996; Seifert, 1993), training self-explanation reading strategies
(McNamara, 2004), instructing readers to pose and answer deep questions (Rosen-
shine et al., 1996), and instructing students to create outlines when reading (Einstein
et al., 1990) or to enhance notetaking (Bui & McDaniel, 2015). Retrieval practice
would then follow a study/reading session in which an elaborative technique was
explicitly prompted or supported. To the extent that these initial elaborative tech-
niques promote text learning (which they generally do), then more idea units should
be retrieved during retrieval practice, thereby augmenting the benefits of retrieval
practice on final retention tests (see Roelle et al., 2022). This avenue seems like an
especially promising direction for further research with connected discourse on the
combined effects of elaborative encoding and retrieval practice.

Discussion

An emerging literature has begun to examine the effects of combining potent elabo-
rative encoding methods with retrieval practice. Inspection of Table 1 indicates that
one factor that appears to be important in the pattern of these effects is whether
the elaborative encoding is engaged prior to retrieval practice or concurrent with
retrieval practice. I first discuss the results when learners engage in effective elabo-
rative encoding during study followed by retrieval practice. In this case, the results
are extremely promising: Final test performance is enhanced over retrieval practice
alone (the Fritz et al., 2007, and Karpicke & Smith, 2012, exceptions are discussed
in the next section). This pattern has important educational implications for the
use of retrieval practice to promote learning and retention. For learning tasks that
require the acquisition of associations that are relatively arbitrary (i.e., do not have
clear semantic connections)—in education these include learning of foreign vocabu-
lary meanings and learning the contributions associated with individual scientists—
providing learners with an effective elaborative encoding strategy to use during ini-
tial study substantially increases the benefit of retrieval practice alone (Cummings
et al., 2023, Experiments 1-2; Miyatsu & McDaniel, 2019, Experiments 1-3; Mor-
ris et al., 2005, Experiments 1-2).

These results are especially noteworthy because combining elaborative encod-
ing with retrieval practice did not penalize efficiency (study time). Learners were
given no more time to implement the instructed elaborative-study strategy for ini-
tial study relative to learners that were not instructed to use an elaborative strat-
egy. In fact, one experiment demonstrated that augmenting retrieval practice with
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elaborative encoding increased the efficiency of obtaining particular levels of per-
formance relative to that required from retrieval practice alone. Specifically, learners
who engaged an elaborative study technique (keyword method) followed by only 2
sessions of retrieval practice recalled more foreign-vocabulary meanings than did
learners not instructed in an elaborative study technique who completed 4 sessions
of retrieval practice (.42 vs. .37, respectively; Miyatsu & McDaniel, 2019, Experi-
ment 3). Clearly, for this kind of learning task (given the experimental parameters of
list length, study time per item, etc.), retrieval practice alone does not provide opti-
mal efficiency. Students challenged with carving out study time for the substantial
amount of material to-be-learned in their courses would seem to be better served by
preceding retrieval practice with effective elaborative encoding, rather than relying
on retrieval practice alone.

Perhaps somewhat surprisingly, the positive effects just summarized when effec-
tive elaboration precedes retrieval practice are observed even though correct answer
feedback was provided on retrieval practice trials. Researchers have noted that direct
effects of retrieval practice (no feedback given)—benefits of initial retrieval on
retention for to-be-learned material relative to restudy—occur primarily when initial
retrieval is relatively successful (estimates range from 50%-75% success; Karpicke,
2017; Roelle et al., 2022; Rowland, 2014). Accordingly, when initial retrieval can be
expected to be somewhat low (e.g., after studying lists of items with arbitrary asso-
ciations like foreign vocabulary or scientists’ contributions; reading low-cohesion
texts, Roelle & Niickles, 2019), correct-answer feedback may be used to overcome
limited direct effects of retrieval. Learning is facilitated from processing feedback
after failed retrieval attempts (Butler & Roediger, 2008; McDaniel & Fischer, 1991;
Pashler et al., 2005), one of the potent indirect effects of retrieval (Roediger et al.,
2011). Indeed, a strong argument for the effectiveness of providing correct-answer
feedback is the theoretical claim that the fest-memory responsible for the testing
effect is equally robust regardless of whether the test response is retrieved from
memory or provided through feedback (Gupta et al., 2022).

Thus, it might be expected that providing feedback would obviate possible
dampened testing effects when initial retrieval success is not overly high. That was
not the case, however, in the experiments with learning meanings of foreign lan-
guage vocabulary materials and learning scientists’ contributions. In these cases,
the low initial retrieval success ranging from 15% to 22% (across four independ-
ent groups of participants after a study session in which participants were not
instructed to use elaborative encoding; Miyatsu & McDaniel, 2019), even with
feedback on the initial and second retrieval attempts, did not produce a testing
effect (see also Cummings et al., 2023, Experiment 2). Effective elaborative encod-
ing, however, increased initial retrieval (retrieval practice levels) by about 15-20%
(for the foreign vocabulary and scientists’ contributions materials), and this advan-
tage remained stable even across 4 retrieval attempts with feedback (Miyatsu &
McDaniel, 2019, Experiment 3).

The importance of these patterns is that they highlight the apparently unique and
efficient advantage of incorporating effective elaborative encoding to support initial
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successful retrievals (for augmenting testing effects), rather than relying solely on
corrective feedback across retrieval attempts to produce higher levels of retrieval
(and higher final test performance). This pattern reinforces the complementary view
that construction of rich mental representations, achieved through effective elabo-
rative and generative study processes, are important components of learning that
provide somewhat distinct benefits over that of retrieval practice alone (Fritz et al.,
2007; Miyatsu & McDaniel, 2019; Morris et al., 2005; Roelle et al., 2022; see also
Karpicke & Smith, 2012). Therefore, combining the two techniques should have
great utility in educational practice. One limitation of the existing studies, however,
is that final performance levels were below what is typically required for passing
courses and demonstrating competence in many educational settings (with the pos-
sible exception of Karpicke & Smith, 2012) (Rawson & Dunlosky, 2022, have noted
this limitation for many memory studies in general). Research along these lines with
real-world learning objectives and in applied settings would be extremely valuable
in extending the current literature, which has been limited primarily to relatively low
performance levels in laboratory experiments.

Sharply contrasting results (see Table 1) have generally been obtained when
learners are prompted to elaborate when attempting to retrieve the contents of the to-
be-learned material (Blunt & Karpicke, 2014; Larsen et al., 2013; Roelle & Niick-
les, 2019). This paradigm is a significant departure from the proposition that elabo-
rative encoding engaged during study could augment benefits of retrieval practice
conducted after study. With elaboration performed concurrently with retrieval, the
demands of retrieval (in terms of less content being retrieved for elaboration [e.g.,
Blunt & Karpicke, 2014; Larsen et al., 2013] or considerable amount of time/effort
required to retrieve content for elaboration) apparently attenuate the benefits of elab-
oration. For instance, in an experiment with a low-cohesion text that was also rela-
tively unelaborated (thereby challenging retrieval), the expected benefits of elabora-
tion alone (when performed with the text present) were virtually eliminated when
elaboration was required during retrieval (Roelle & Niickles, 2019, Experiment 2).
Similarly, observed benefits of an elaborative concept-mapping study task did not
emerge when concept mapping was required during retrieval (Blunt & Karpicke,
2014, Experiment 2). In this case, as well as Larsen et al. (2013), many fewer idea
units were elaborated when the elaborative activity (concept mapping) had to be
completed while retrieving the content than when the elaborative activity was per-
formed with the content in view. It seems quite plausible that if effective elabora-
tion were engaged during reading/studying of didactic texts and other connected dis-
course (preceding retrieval practice), then retrieval practice effects for retention of
the text’s or lesson’s contents could be enhanced (over retrieval practice following
reading alone).

This possibility would be fruitful to examine in further research, not only for
practical reasons but to better understand the possible boundary conditions of when
elaborative activity will augment retrieval practice effects. Table 1 also shows that
the studies implementing elaboration concurrently with retrieval exclusively exam-
ined connected discourse (lectures, didactic texts), whereas the studies implement-
ing elaboration during study and followed by retrieval examined more impoverished
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materials (e.g., paired-associate lists). Consequently, it is possible in principle that
learning from connected discourse constrains the benefit of combining elaboration
with retrieval practice. That said, elaborative encoding (performed at retrieval) for
a lecture did significantly enhance comprehension performance (after a week delay)
relative to retrieval alone (Endres et al., 2017).

Other Potential Limitations of Combining Elaborative Encoding
with Retrieval Practice

Another possible limitation to enhancing retrieval practice effects through effec-
tive elaboration at study would be situations in which initial retrieval of studied
material is relatively high. This could occur in a number of learning paradigms,
some of which are not uncommon. The presence of extensive study sessions
is one example. Extensive study can promote high levels of initial retrieval,
thereby potentially mitigating the advantage of study with elaboration (because
elaborative study helps promote higher levels of initial retrieval with few study
trials). For instance, in Toppino and Cohen (2009) after 8 study repetitions of a
list of foreign vocabulary-English translation pairs, performance on the retrieval
practice trial approached 90% correct; and in Roediger and Karpicke (2006b)
extensive study of a short text (about 260 words; studied in a 5—7-min study
session, depending on the experiment) produced levels of recall at about 70%
during initial retrieval practice. With such extensive study, incorporating elabo-
ration would not necessarily improve the already high levels of initial retrieval
(and consequently not enhance retrieval practice). Another instance where initial
retrieval might be high is after study of a limited amount of material; if so, add-
ing elaboration would not be necessary to improve initial retrieval. For exam-
ple, in Fritz et al. (2007) in one experiment participants studied six-item lists,
and initial retrieval practice levels could have been high for such lists (unfortu-
nately, the initial retrieval-practice rates were not reported; however, elaborative
encoding did not enhance the retrieval practice effects). A final instance worth
mention is a learning context that includes multiple study-retrieval sessions. In
Karpicke and Smith (2012) sessions involving several study repetitions and sev-
eral retrieval practice repetitions were repeated such that all vocabulary items
were retrieved at least once. With high retrieval levels ensured during learning,
elaborative encoding (keyword method for new vocabulary) did not significantly
augment retrieval practice effects.

Though this possible boundary condition is worth noting for a comprehensive
consideration of the effects of combining elaborative/enriched initial encoding with
retrieval practice, the applied educational implications remain: Extensive study,
retrieval practice, or both might obviate the need for initial elaborative encod-
ing, but its inefficiency is likely prohibitive for students in terms of the additional
time and effort required (e.g., Maurer & Shipp, 2021). Further, the task cost to the
student of such extensive study/retrieval practice could be expected to negatively
impact motivation (e.g., Kim et al., 2022), further reducing its desirability. It mer-
its emphasizing that the significant benefits of elaborative encoding for enhancing
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retrieval practice (after one study session) can persist even after fairly extensive
retrieval practice (4 retrieval practice trials in Miyatsu & McDaniel, 2019, Experi-
ment 3); moreover, combining elaborative (keyword) encoding with retrieval prac-
tice can dampen or eliminate the forgetting (comparing across experiments) after a
7-day delay (rows 2 and 3 in Table 3) relative to a 2-day delay (row 1) observed for
repeated study, retrieval practice alone, and keyword encoding conditions.

Theoretical Recapitulation

The reviewed findings largely contradict the view that effective elaborative encod-
ing is not a useful supplement to retrieval practice, especially when elaborative
encoding is engaged prior to retrieval practice. Exceptions are the experiments
by Fritz et al. (2007), for which elaborative encoding did not enhance retrieval
practice effects for middle school students, and Blunt and Karpicke (2014) who
implemented elaborative encoding concurrently with retrieval (also Karpicke &
Smith, 2012, but see previous discussion concerning nominal combined elabora-
tion-retrieval effects with low power to detect significance that were nevertheless
reliable across two experiments). However, as detailed earlier the interpretation
of these results is clouded by several factors. In sum, there is little support for the
view that elaborative encoding is redundant with retrieval practice and thus not
necessary when retrieval practice techniques are implemented.

Instead, the preponderance of the evidence strongly suggests that effective
elaborative encoding provides mnemonic benefits that are complementary to
those produced by retrieval practice. As noted throughout the review, the clear-
est evidence of complementary effects is that the magnitude of the increased
retention resulting from the combination of elaborative encoding with retrieval
practice (relative to a study-only condition without instructions to elaborate)
often reflects an approximately additive effect of the retention gains produced
by each technique alone. This additive effect is not so prominent when elabo-
rative processing is performed during retrieval of connected discourse, though
even in this case—where elaboration necessarily is restricted to retrieved contents
(as opposed to the elaboration-only condition, in which all the target content is
available for elaboration)—it is interesting that additivity can be seen numeri-
cally (Roelle & Niickles, 2019, Experiment 1). It may be worth mention that the
nature of the complementary processes activated by elaborative encoding on the
one hand and retrieval practice on the other hand have been described by dif-
ferent researchers along various theoretical dimensions (e.g., Fritz et al., 2007;
Karpicke & Smith, 2012; Miyatsu & McDaniel, 2019; Roelle et al., 2022).

Another notable pattern emerges for learning tasks in which limited retrieval
practice does not significantly enhance retention (relative to study alone) (e.g.,
Miyatsu & McDaniel, 2019). In this case, effective elaborative encoding catalyzes
the effectiveness of retrieval practice (for the set of items as a whole), by boost-
ing initial retrieval levels such that enough material is retrieved to produce testing
effects (retrieval practice effects) for the set of items (Kornell et al., 2011). Here,
the combined effect of elaborative encoding with retrieval practice is in a sense
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super-additive, because the effects of retrieval-practice alone are negligible for the
target content but become manifest when elaborative encoding is included. Clearly,
work remains to understand the dynamics and consequences of incorporating elabo-
rative encoding techniques with retrieval practice for a range of learning materials
and learning contexts. At this juncture, however, the evidence is that incorporating
elaborative encoding techniques with retrieval practice (prior to retrieval practice)
generally enhances learning and retention over retrieval practice alone.

Acknowledgements I am grateful to Julie Bugg and Gilles Einstein for comments on an earlier version
of this paper.
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