Journal of Experimental Psychology:
Applied
Improving Self-Regulated Learning With a Retrieval
Practice Intervention
Robert Ariel and Jeffrey D. Karpicke
Online First Publication, June 12, 2017. http://dx.doi.org/10.1037/xap0000133

CITATION
Ariel, R., & Karpicke, J. D. (2017, June 12). Improving Self-Regulated Learning With a Retrieval
Practice Intervention. Journal of Experimental Psychology: Applied. Advance online publication.
http://dx.doi.org/10.1037/xap0000133

Journal of Experimental Psychology: Applied
2017, Vol. 0, No. 999, 000

© 2017 American Psychological Association
1076-898X/17/$12.00 http://dx.doi.org/10.1037/xap0000133

Improving Self-Regulated Learning With a Retrieval Practice Intervention
Robert Ariel and Jeffrey D. Karpicke

This document is copyrighted by the American Psychological Association or one of its allied publishers.
This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.

Purdue University
Repeated retrieval practice is a powerful learning tool for promoting long-term retention, but students use
this tool ineffectively when regulating their learning. The current experiments evaluated the efficacy of
a minimal intervention aimed at improving students’ self-regulated use of repeated retrieval practice.
Across 2 experiments, students made decisions about when to study, engage in retrieval practice, or stop
learning a set of foreign language word pairs. Some students received direct instruction about how to use
repeated retrieval practice. These instructions emphasized the mnemonic benefits of retrieval practice
over a less effective strategy (restudying) and told students how to use repeated retrieval practice to
maximize their performance—specifically, that they should recall a translation correctly 3 times during
learning. This minimal intervention promoted more effective self-regulated use of retrieval practice and
better retention of the translations compared to a control group that received no instruction. Students who
experienced this intervention also showed potential for long-term changes in self-regulated learning:
They spontaneously used repeated retrieval practice 1 week later to learn new materials. These results
provide a promising first step for developing guidelines for teaching students how to regulate their
learning more effectively using repeated retrieval practice.
Keywords: retrieval practice, self-regulated learning, testing effect, strategy training

Despite the overwhelming empirical support for this potent learning tool, only a few experiments have examined students’ selfregulated use of retrieval practice strategies (Dunlosky & Rawson,
2015; Karpicke, 2009). This limited research suggests that students
prefer not to use retrieval practice strategies—instead preferring to
use other strategies like restudying—and when they do use a
retrieval practice strategy, they do so ineffectively (Karpicke,
2009).
One way students use retrieval practice ineffectively is that they
use a “one-and-done” strategy where they drop material from
study after recalling it once during a single study session (Dunlosky & Rawson, 2015; Karpicke, 2009; Kornell & Son, 2009).
Repeated successful retrieval fosters better retention than a single
correct retrieval attempt (Grimaldi & Karpicke, 2014; Karpicke,
2012) and one empirically supported guideline for using retrieval
practice to maximize long term retention is for students to recall
information correctly a minimum of three times during each study
session (Karpicke, 2009; Karpicke & Roediger, 2008; Rawson &
Dunlosky, 2011; Vaughn & Rawson, 2011). Can students be
trained to use retrieval practice more effectively to regulate their
learning? The current experiments evaluated the efficacy of a
minimal intervention aimed at improving learners’ study habits by
correcting their inaccurate metacognitive knowledge about the
efficacy of retrieval practice as a learning technique.
Learners in general seem to believe that retrieval practice is
useful for monitoring memory, but they fail to grasp the memorial
benefits it provides (Hartwig & Dunlosky, 2012; Kornell & Son,
2009). For example, they incorrectly report that restudying is more
effective for learning than self-testing (Agarwal, Karpicke, Kang,
Roediger, & McDermott, 2008; Ariel, Hines, & Hertzog, 2014;
Karpicke & Blunt, 2011; Roediger & Karpicke, 2006; Tullis,
Finley, & Benjamin, 2013). Educators share this view and also use
tests primarily as an assessment tool in their classrooms (More-

Applying empirically supported cognitive techniques to improve educational outcomes requires that educators can show
students how to use these techniques and that students will spontaneously adopt them to learn course content. Although cognitive
and educational psychologists have identified a number of promising techniques for improving academic achievement (for a recent
review, see Dunlosky, Rawson, Marsh, Nathan, & Willingham,
2013), limited research exists concerning whether students can use
and will adopt these techniques to regulate their learning. Retrieval
practice, in particular, is one powerful learning tool for promoting
long-term retention with overwhelming empirical support (for a
comprehensive review, see Karpicke, 2017). Retrieval practice is
effective across a range of age groups spanning all levels of
education from elementary school (Goossens, Camp, Verkoeijen,
& Tabbers, 2014; Karpicke, Blunt, Smith, & Karpicke, 2016) to
middle school (Carpenter, Pashler, & Cepeda, 2009; McDaniel,
Agarwal, Huelser, McDermott, & Roediger, 2011) to college aged
students (Hopkins, Lyle, Hieb, & Ralston, 2015; Jones, 1923).
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head, Rhodes, & DeLozier, 2016). These inaccurate metacognitive beliefs could undermine students’ effective use of retrieval
practice during study, causing them to choose not to engage in
repeated self-testing of material. Consistent with this conclusion, the limited research examining self-regulated use of retrieval practice indicates that people do not repeatedly self-test.
Instead they prefer to restudy material, and when they do
self-test, they drop material after being recalled once (Karpicke,
2009; Kornell & Bjork, 2008).
Students’ use of a one-and-done strategy, although suboptimal,
is unsurprising given that they view retrieval practice as an assessment tool. Theories of self-regulated study such the discrepancy
reduction theory (Dunlosky & Hertzog, 1998), the region of proximal learning theory (Metcalfe, 2002; Metcalfe & Kornell, 2005),
the hieratical model (Thiede & Dunlosky, 1999), and agendabased regulation framework (Ariel, Dunlosky, & Bailey, 2009;
Dunlosky & Ariel, 2011) all propose that learners’ decisions about
what material to learn are influenced by their monitoring of their
learning. Although, these theories differ in their predictions about
what material learners will allocate the most time to learning, a key
assumption of each theoretical approach is that learners will not
study material that they believe they already know.
Monitoring learning is a heuristic process that involves inferring
memory quality based on the cues available to the learner at the
time of their monitoring judgment (Koriat, 1997). Retrieval practice provides the learner with cues that are typically more diagnostic of later memory performance than the cues available to
them when studying information (Dunlosky & Nelson, 1994; Son
& Metcalfe, 2005). This may lead students to overvalue retrievalbased cues such as accessibility and retrieval fluency when monitoring their learning, causing them to prematurely drop material
from learning. Consistent with this conclusion, Karpicke (2009)
observed that retrieval fluency simultaneously inflated judgments
of learning and increased the probability that material would be
dropped during learning.
Assuming that students use retrieval practice ineffectively because they lack appropriate metacognitive knowledge, correcting
this knowledge could lead to improved self-regulatory behavior.
Tullis et al. (2013) conducted a series of experiments examining
whether people can learn from task experience that retrieval practice is better for learning than restudying. They found that people
had difficulties attributing enhanced learning to the use of a
retrieval practice strategy. Students only changed their beliefs
about the effectiveness of each strategy when they were provided
with extensive environmental support in the form of computerbased performance summaries for material either studied or tested.
Even then, strategy knowledge only improved for 50% of participants. These results suggest that learning about the effectiveness
of retrieval practice is unlikely to occur through experience and
self-discovery alone. Instead, an instructional intervention may be
warranted.
One potentially easy way to correct inaccurate metacognitive
knowledge and promote spontaneous strategy use is to alert people
to the effectiveness of a given strategy (Borkowski, Carr, &
Pressley, 1987). This type of direct instruction is most effective
when learners are also given detailed instructions about how to
implement a strategy and why that strategy is effective (O’Sullivan
& Pressley, 1984). Direct instruction may be more effective for
initial strategy acquisition than other approaches that rely on

experiential discovery because students do not need to initially
generate the appropriate strategy on their own (Klahr & Nigam,
2004, but see Alfieri, Brooks, Aldrich, & Tenenbaum, 2011).
Moreover, direct instruction is as effective as experiential
discovery-based learning approaches for promoting transfer of
strategy use to new learning contexts (McDaniel & Schlager,
1990).
In the current experiments, we attempted to correct students’
inaccurate metacognitive knowledge about the memorial benefits
of retrieval practice by instructing them that repeated retrieval
practice is more beneficial for learning than repeated studying.
Students were also given detailed instructions about how to use
repeated retrieval practice to maximize retention of content. Specifically, they were told to learn items to a criterion of three correct
recalls before dropping them from practice and were also provided
an illustration that highlighted the effectiveness of repeated retrieval over repeated study strategies.
Across two experiments, we compared self-regulated learning
strategies of people who experienced this minimal strategy intervention (retrieval practice instructions group) to a control group
who experienced no strategy instructions. Both groups were allowed to regulate their learning of foreign language vocabulary
words using a flashcard-like computer-based learning environment. Students regulated their learning by making decisions about
whether to study, self-test, or drop translations from learning
across multiple self-controlled practice blocks. Our goals were to
evaluate whether a minimal instructional intervention would lead
learners to alter their self-regulated learning strategies to practice
information to a criterion of three recalls before dropping it from
learning (Experiment 1) and whether learners would spontaneously use this strategy with new material following a one week
delay (Experiment 2). Concerning the first goal, it is possible that
learners would not implement this specific repeated retrieval strategy effectively. Accurate metacognitive knowledge about strategy
effectiveness does not always translate into effective strategy implementation. Even under ideal circumstances, learners sometimes
fail to implement appropriate strategies when they have accurate
strategy knowledge (Borkowski et al., 1987).
A repeated retrieval strategy requires learners to monitor the
accuracy of their responses and keep track of the number of times
they have recalled each item. Difficulties with either task could
lead to failures to implement a repeated retrieval strategy. In the
current experiments, we indirectly measured monitoring behavior
by allowing people to make decisions about whether to receive
correct answer feedback following self-testing trials. If learners are
attempting to monitor the accuracy of their responses, they should
choose to view the correct answer following every test trial. Recent
evidence suggest that people are likely to seek feedback following
retrieval practice (Dunlosky & Rawson, 2015). However, even if
people check for feedback, they might still fail to use a repeated
retrieval strategy due to difficulties in keeping track of the number
of times they have successfully recalled items or due to overconfidence in their ability to remember translations after only a few
correct attempts. People seem to be quite good at remembering
whether a given item was recalled on a previous test (Ariel &
Dunlosky, 2011; Finn & Metcalfe, 2008; Gardiner & Klee, 1976;
Klee & Gardiner, 1976; King, Zechmeister, & Shaughnessy, 1980;
Serra & Ariel, 2014), but no research exists examining whether
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people can keep track of the number of correct retrieval attempts
for individual items across multiple tests.
Assuming that learners are capable of implementing a repeated
retrieval practice strategy effectively, they might still be reluctant
to do so because the experience of repeatedly retrieving information is subjectively more difficult than repeatedly restudying information (Karpicke, 2009; Kornell & Son, 2009; Roediger &
Karpicke, 2006; Tullis et al., 2013). This could cause students to
discount our strategy instructions because the instructions contradict students’ typical metamnemonic experiences. Consistent with
this hypothesis, direct instruction is often not effective for correcting inaccurate metacognitive beliefs when beliefs are derived from
perceived fluency or disfluency during learning (Koriat & Bjork,
2006; Yan, Bjork, & Bjork, 2016). Thus, it is unclear whether
repeated retrieval practice instructions will have any effect on
learners’ decisions to use retrieval practice. If learners are reluctant
to use repeated retrieval practice or are incapable of implementing
this strategy effectively, it would undermine the applied implications of this potent learning strategy.

Experiment 1
Method
Subjects. Sixty Purdue University undergraduates participated in exchange for course credit. They were randomly assigned
to a neutral instruction control group (n ⫽ 30) or the retrieval
practice instructions group (n ⫽ 30). We selected this sample size
because an a priori power analysis conducted using GⴱPower
software (Faul, Erdfelder, Lang, & Buchner, 2007) indicated that
60 subjects were required to achieve sufficient power (.95) to
detect group differences in final recall performance based on the
effect size (d ⫽ .87) observed from a previous experiment examining computer scheduled repeated retrieval practice (Experiment
1b from Grimaldi & Karpicke, 2014).
Materials. Twenty normatively difficult Lithuanian–English
translations (e.g., voras–spider) were selected from Grimaldi, Pyc,
and Rawson (2010).
Procedure. Subjects were tested in groups of 4 to 12 students.
The experiment was administered on a computer using a custom
program. Each subject was assigned to a single computer, and
computers were separated by partitions so that subjects could not
see other subjects or computers during the task. Subjects were told
that they would learn 20 Lithuanian–English translations and
would take a final test approximately 45 min after the start of the
experiment. They were told that on the final test they would be
asked to recall the English translations for each Lithuanian word.
They were also told that their goal should be to learn all of the
translations, so that they could recall as many as possible on the
final test, and that they would be given control over how they
practiced the translations in the initial learning phase.
Before beginning the learning phase, subjects in the control and
retrieval practice instructions groups were given different instructions. Subjects in the control group were simply told to learn the
translations so that they could remember as many as possible on
the final test. Subjects in the retrieval practice instructions group
were told that repeatedly self-testing was an effective strategy for
improving learning. They were told that research indicates that
people learn more from repeated testing than from repeatedly
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studying. They were also shown a bar graph (Figure 3a from
Grimaldi & Karpicke, 2014) and told that the graph contained data
from Purdue students who repeatedly studied information or repeatedly retrieved information with practice tests. Finally, they
were told that the best strategy to ensure that they remembered all
the translations on the final test in 45 min was to successfully
retrieve each translation at least three times in the learning phase.
The complete retrieval practice instructions are presented in the
Appendix.
The learning phase consisted of alternating choice blocks and
practice blocks. During choice blocks, subjects planned how
they would practice each translation in the next practice block.
Figure 1 shows the computer display during a choice block.
Subjects saw a stack of 20 cards on the left side of the screen,
and they made their choices by clicking on cards, dragging
them, and dropping them into one of three piles on the right side
of the screen. When subjects clicked down on a card, a translation appeared on it for the duration the mouse button was
pressed down on it; otherwise, the cards were blank to minimize
study during the choice blocks. Because we were most interested in retrieval practice decisions, both the Lithuanian and
English translation were presented when subjects clicked down
on a card to discourage covert retrieval during the choice phase.
This procedure allowed us to ensure that all decisions to use
retrieval practice were recorded.
The subjects were told that if they chose to study an item, they
would be shown the translation (the Lithuanian and English words)
in a study trial in the next practice block. If they chose to test
themselves on an item, they would see the Lithuanian word and
would be asked to recall the English translation in a test trial in the
next practice block. If they chose to drop an item, they would no
longer practice that translation in the learning phase. Subjects
chose to study, test themselves, or drop items from further practice
by dragging and dropping the cards into one of three piles labeled
“Study Pile,” “Practice Test Pile,” and “Done Pile,” respectively.
After making all of their choices during a choice block, subjects
clicked a start button to begin a practice block. If subjects chose
only to study items and did not choose to test on any items, the
practice block contained only study trials. Likewise, if subjects
chose only to test on items and did not choose to study any items,
the practice block contained only test trials. If subjects chose to
study some items and test other items, then before beginning the
practice block, subjects indicated whether they wanted to complete
the study trials or practice test trials first by clicking one of two
buttons on the screen to indicate their choice.
A study block consisted of one or more study trials. On each
study trial, subjects saw a Lithuanian word, its one-word English
translation to the right of it, and a button labeled “Next” below the
word pair. Study trials were self-paced, and subjects clicked the
button to advance to the next trial. The order of trials was randomized within each study block. Each test block consisted of one
or more test trials presented in a random order. On each test trial,
subjects saw a Lithuanian word and a text entry box below it, and
they were told to recall and type the English translation for that
word. Test trials were self-paced, and subjects pressed the Enter
key to enter each response. After entering a response, subjects
indicated whether they wanted to see the correct answer for that
translation by clicking a button labeled “Yes” or a button labeled
“No.” If subjects chose yes, the correct response was shown for 2
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Figure 1. Display of a choice block during the learning phase in Experiments 1 and 2. Students clicked and
dragged cards from the pile on the left side of the display to one of the piles on the right side of the display. Their
choices determined how those items would be practiced during the subsequent practice block. The English–
Lithuanian translation on a given card was only visible while the computer mouse was clicked down on that card.

s, after which the computer program advanced to the next test trial.
If subjects chose no, the computer program advanced to the next
test trial without displaying the correct response.
When subjects finished a practice block, a new choice block
began. During this and subsequent choice blocks, only items that
were not dropped in the previous choice block were presented in
the choice pile. These items were presented in the same order as
the previous choice block. The experiment continued with alternating choice and practice blocks until the subject moved all cards
to the drop pile during a choice phase.
When subjects completed the learning phase by moving all
items to the drop pile, they then completed a distracter task, which
was unrelated to the learning task, for 15 min. After completing the
distracter task, subjects took a final cued-recall test over all translations. The final test procedure was the same as the test procedure
used in the learning phase with the exception that participants were
not given the option to view feedback for their responses. At the

end of the experiment, the subjects were debriefed and thanked for
their participation.

Results and Discussion
Final recall. The retrieval practice instructions group recalled
more translations (M ⫽ .87, SE ⫽ .03) than did the control group
(M ⫽ .64, SE ⫽ .06) on the delayed criterial test, t(58) ⫽ 3.36, p ⬍
.001, d ⫽ 0.88, confidence interval (CI) [.33, 1.39]. Thus, retrieval
practice instructions enhanced performance suggesting that students
altered their self-regulated learning choices based on the instructions.
Subsequent analyses below focus on the effects of retrieval practice
instructions on self-regulated learning choices.
Self-regulated learning behavior.
Study, test, and feedback choices. The next analyses focused
on three self-regulated learning measures: (a) the frequency of
study decisions per item, (b) the frequency of self-test decisions
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per item, and (c) the proportion of feedback choices following
self-testing trials. The means for study choices, test choices, and
feedback decisions are presented in Table 1 as a function of
instruction group.
Both groups chose to study translations at least once, on average, and did not differ in the average number of study choices for
translations, t(58) ⫽ 0.70, p ⫽ .49, d ⫽ 0.18 [⫺0.34, 0.69].
Consistent with the goals of the strategy intervention, the retrieval
practice instructions group chose to self-test more than did the
control group, t(58) ⫽ 3.23, p ⬍ .01, d ⫽ 0.83 [0.30, 1.36]. Both
groups also chose to receive correct answer feedback following the
majority of self-testing trials (⬃96% of trials), presumably to
monitor the accuracy of their responses. The proportion of feedback choices did not differ much across groups, t(58) ⫽ 1.67, p ⫽
.10, d ⫽ 0.43 [⫺0.08, 0.94], but this outcome should be interpreted
cautiously because feedback choices for both groups were at
ceiling.
Cumulative learning. Table 2 shows both cumulative recall
and cumulative attempted recall for each group during the learning
phase as measured in each test practice block. Cumulative recall is
the proportion of items recalled at least once and attempted recall
is the proportion of unique items self-tested (see Karpicke, 2009;
Karpicke & Roediger, 2007). Table 2 reveals that retrieval practice
instructions increased both cumulative recall and attempted recall
during learning. The retrieval practice instructions group recalled
90% of items at least once during learning compared to 70% in the
control group, t(58) ⫽ 2.73, p ⬍ .01, d ⫽ 0.71 [0.18, 1.22].
Moreover, the retrieval practice instruction group used a retrieval
practice strategy at least once for nearly all items (99%) compared
to the control group who chose not to use retrieval practice for
12% of items, t(58) ⫽ 2.51, p ⬍ .05, d ⫽ 0.65 [0.13, 1.17].
Number of successful retrieval attempts during learning.
The number of correct retrieval practice trials for each item during
the learning phase is presented in the left panel of Figure 2. This
figure illustrates that the retrieval practice instruction group recalled items to a higher accuracy criterion before dropping them

Table 1
Mean Number of Study Choices, Number of Test, and
Proportion of Feedback Choices in Experiment 1 and During
the Initial Intervention Session and Transfer Session in
Experiment 2
Variable
Study choice frequency
Test choice frequency
Proportion feedback choices

Control group
Experiment 1
1.49 (0.16)
2.49 (0.28)
0.96 (0.02)

Retrieval practice
instructions
1.67 (0.20)
4.07 (0.40)
0.99 (0.01)

Experiment 2—Initial session
Study choice frequency
2.81 (0.28)
Test choice frequency
3.32 (0.35)
Proportion feedback Cchoices
0.96 (0.02)

1.77 (0.20)
4.32 (0.33)
0.96 (0.02)

Experiment 2—Transfer session
Study choice frequency
2.31 (0.41)
Test choice frequency
2.19 (0.27)
Proportion feedback choices
0.90 (0.04)

1.83 (0.40)
3.67 (0.38)
0.94 (0.14)

Note. Standard error of the means are in parentheses.
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Table 2
Mean Cumulative Proportion of Items Recalled and Attempted
for Recall During Learning as a Function of Chosen Test Block
for Each Group in Experiment 1 and During the Initial
Intervention Session and Transfer Session in Experiment 2
Test block
Variable

1

2

3

4

5⫹

Experiment 1
Control
Recalled
Attempted
Retrieval practice
instructions
Recalled
Attempted

.17 (.03)
.54 (.07)

.38 (.05)
.72 (.05)

.52 (.06)
.84 (.04)

.60 (.06)
.86 (.05)

.70 (.06)
.88 (.05)

.21 (.03)
.63 (06)

.45 (.04)
.83 (.04)

.66 (.04)
.91 (.03)

.77 (.04)
.95 (.02)

.90 (.03)
.99 (.01)

Experiment 2—Initial session
Control
Recalled
Attempted
Retrieval practice
instructions
Recalled
Attempted

.15 (.03)
.53 (.07)

.42 (.06)
.78 (.05)

.56 (.06)
.90 (.03)

.64 (.06)
.92 (.03)

.81 (.06)
.98 (.01)

.22 (.04)
.62 (.07)

.42 (.06)
.78 (.05)

.56 (.06)
.85 (.05)

.64 (.07)
.88 (.05)

.73 (.06)
.92 (.04)

Experiment 2—Transfer session
Control
Recalled
Attempted
Retrieval practice
instructions
Recalled
Attempted
Note.

.17 (.03)
.53 (06)

.43 (.04)
.81 (.04)

.62 (.05)
.91 (.03)

.74 (.04)
.94 (.03)

.94 (.03)
.98 (.01)

.19 (.03)
.57 (07)

.42 (.05)
.73 (.06)

.61 (.05)
.80 (.05)

.69 (.06)
.82 (.05)

.92 (.04)
.97 (.03)

Standard error of the means are in parentheses.

from learning than did the control group, t(58) ⫽ 3.52, p ⬍ .01,
d ⫽ 0.92 [0.37, 1.44]. The retrieval practice instruction group
recalled translations approximately three times before dropping
them from the learning task, whereas the control group dropped
translations on average after one correct retrieval practice trial.
Consistent with this observation, the mean number of successful
recall attempts per item differed significantly from 3 for the
control group, t(29) ⫽ 8.09, p ⬍ .001, d ⫽ 1.48, but did not differ
from 3 for the retrieval practice instructions group, t(29) ⫽ 0.55,
p ⫽ .58, d ⫽ 0.10.
Given that cumulative learning was less than 100% for both
groups, learners obviously did not use the same criterion for all
items before dropping them from learning. The right panel of
Figure 2 shows the mean proportion of items reaching four possible criteria before they were dropped from study (0, 1, 2, or 3 or
more correct retrieval practice trials). Figure 2 reveals that the
minimal retrieval practice instructions used in our intervention
decreased the number of items that were never recalled, t(58) ⫽
2.07, p ⬍ .05, d ⫽ 0.52 [0.02, 1.05], or recalled only once, t(58) ⫽
2.15, p ⬍ .05, d ⫽ 0.56 [0.04, 1.07], while increasing the number
of items that were recalled 3 or more times during practice, t(58) ⫽
3.49, p ⬍ .01, d ⫽ 0.91 [0.37, 1.43]. Groups did not differ in the
proportion of items that they recalled 2 times during practice,
t(58) ⫽ 0.25, p ⫽ .81, d ⫽ 0.06 [⫺0.44, 0.57]. These results
indicate that our intervention was effective in promoting use of a
repeated retrieval practice strategy during learning but also suggest
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Figure 2. Mean number of correct retrieval practice trials per item during
the learning phase (left panel) and mean proportion of items correctly
recalled 0, 1, 2, or 3⫹ times (right panel) for each group in Experiment 1.
Errors bars represent standard error of the means.

that students may need more formal training or environmental
support to recall all items to the same accuracy criterion.
Decisions before successful recall. The next analysis focused
on learners’ decisions to study, test, or drop items before they had
successfully recalled the items. Because the goal of our intervention was to promote repeated retrieval practice after each item had
been recalled once, one might expect students’ self-regulated
learning decisions to be similar in the two instruction conditions
before items were recalled and to differ only after items were
recalled. The mean proportion of study, test, and drop decisions for
items before their initial successful retrieval are presented in the
left panel of Figure 3 collapsed across the first 5 choice blocks.
Groups did not differ in the proportion of study choices, t(58) ⫽
0.36, p ⫽ .73, d ⫽ 0.09 [⫺0.41, 0.60], or test choices, t(58) ⫽
1.34, p ⫽ .19, d ⫽ 0.35 [⫺0.17, 0.85], for items before initial
recall. However, students in the control group were more likely to
drop items before successful retrieval than were students in the
retrieval practice instructions group, t(58) ⫽ 2.41, p ⬍ .05, d ⫽
0.62 [0.10, 1.14]. This finding is consistent with the cumulative
learning data above which indicated that instructions to repeatedly
self-test increased the number of items that were learned during
practice.
Decisions after successful recall. The right panel of Figure 3
presents study, test and drop decisions for items after their initial
successful recall. After an initial successful recall for an item,
subjects in the retrieval practice instructions group were more
likely to continue testing themselves than were subjects in the
control group, t(55) ⫽ 3.52, p ⬍ .001, d ⫽ 0.93 [0.38, 1.48]. In
contrast, the control group had a greater preference for either
restudying items, t(55) ⫽ 2.02, p ⬍ .05, d ⫽ .53 [0.01, 1.06], or
dropping them from study compared to the retrieval practice
instructions group, t(55) ⫽ 2.24, p ⬍ .05, d ⫽ .59 [0.06, 1.12].
Overall, the strategy preferred most by the retrieval practice instructions group was to engage in repeated retrieval practice. In
contrast, the control group was equally likely to drop items from
learning as they were to engage in repeated retrieval practice.

Total time allocated to learning. Next, we examined the total
time allocated to learning which was computed as the total duration of the learning phase of the experiment beginning at the start
of the first choice block and ending after a student chose to drop
the last translation from learning. The retrieval practice instructions group (M ⫽ 21.89, SE ⫽ 1.61) allocated more time (in
minutes) to learning translations than did the control group (M ⫽
15.55, SE ⫽ 1.31), t(58) ⫽ 3.06, p ⬍ .01, d ⫽ 0.79, CI [.26, 1.31].
These group differences in time allocation are not surprising
because the goal of strategy intervention was to encourage students
to continue using retrieval practice for items that they would
otherwise drop from learning. Thus, increasing the number of
retrieval practice trials necessitates that learner’s also increase
learning time. The total time allocated to learning was highly
correlated with the number of successful recall trials per item, r ⫽
.80, p ⬍ .001 which suggests that students who allocated more
time to learning used their time to implement a highly effective
learning strategy.
Effects of repeated successful retrieval on final performance.
Finally, Table 3 shows final recall performance as a function of the
number of correct retrieval trials during learning, as well as the
proportion of items that fall into each category. Table 3 shows that
successful repeated retrieval during study was associated with improved learning performance in both groups. To estimate the effects
of repeated retrieval success on final recall performance we entered
the data into a multilevel fixed effects logistical regression model (for
rationale, see Jaeger, 2008). This allowed us to account for group and
individual differences in our analysis of the frequency of successful
retrieval practice for items evident in Table 3. Fixed effects for the
number of successful recall attempts for an item were entered into the
model (group mean centered) with both random-subject level and
random-group level (retrieval practice instructions) intercepts (i.e.,
subjects nested in groups). Fixed effects for the model are summarized in Table 4. The regression coefficients for the fixed effects in
Table 4 reflect the log odds of successful final recall with every 1 unit
increase in each variable and can be interpreted in terms of probabil-

Figure 3. Mean proportion of study, test, and drop decisions for items before
(left panel) and after (right panel) the first successful retrieval practice trial for
them in Experiment 1. Errors bars represent standard error of the means.
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Table 3
Proportion of Items Recalled 0, 1, 2, or 3⫹ Times During
Learning and Final Recall Performance in Experiment 1 and
During the Initial Intervention Session and the Transfer Session
in Experiment 2
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Control group
Number of
initial recalls

Proportion
of items

0
1
2
3⫹

.24 (.06)
.40 (.06)
.20 (.04)
.16 (.04)

Retrieval practice
instructions
Proportion
of items

Final recall

.10 (.04)
.24 (.05)
.21 (.04)
.45 (.07)

.60 (.10)
.86 (.05)
.93 (.03)
.86 (.05)

0
1
2
3⫹

Experiment 2—Initial session
.19 (.06)
.35 (.10)
.06 (.03)
.26 (.05)
.71 (.07)
.17 (.04)
.17 (.03)
.86 (.06)
.23 (.03)
.38 (.07)
.93 (.04)
.53 (.07)

.48 (.14)
.80 (.06)
.91 (.03)
.95 (.02)

0
1
2
3⫹

Experiment
.31 (.06)
.28 (.05)
.18 (.03)
.23 (.06)

.68 (.11)
.90 (.05)
.90 (.04)
.93 (.03)

Final recall
Experiment 1
.31 (.08)
.68 (.06)
.84 (.06)
.98 (.02)

2—Transfer session
.50 (.08)
.12 (.05)
.76 (.07)
.16 (.04)
.96 (.02)
.23 (.03)
.91 (.06)
.50 (.07)

Note. Standard errors of the means are in parentheses.

ity. Thus, Table 4 shows that the probability of correctly remembering
a translation on the final test increased by .67 with each successful
retrieval attempt (␤ ⫽ .72). In sum, repeated successful retrieval
practice was highly effective for improving subsequent retention
when students chose to engage in it.

Experiment 2
Experiment 1 indicated that learners were capable of implementing
a retrieval practice strategy when given minimal strategy instructions.
One implication of this finding is that it may be possible for educators
to help students improve their self-regulated learning by drawing
attention to the memorial benefits of repeated retrieval practice and
providing them with a few guidelines about how to implement this
strategy to promote durable learning. Although these results are promising, it is unclear whether this simple intervention would have longterm effects on students’ self-regulated learning strategies. A more
powerful demonstration of the efficacy of the current intervention
would show preserved strategy use after a delay with no additional
instructions. Will students internalize the knowledge that retrieval
practice is an effective learning strategy and generalize it to a new
learning context after a delay?
Einstein, Mullet, and Harrison (2012) provided promising but
indirect evidence that students may be capable of generalizing
use of a retrieval practice strategy after experiencing its benefits. They had students in a psychology lab course read text
passages and then either reread some passages or practice
retrieval of them. One week later, students were administered a
surprise quiz. Students were later given summaries of class
performance for each passage and instructed to graph the data
and speculate about the goals of the experiment. Students
performed better on the quiz when they used retrieval practice
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compared to restudy. Students also correctly speculated that this
improved performance was caused by using the retrieval practice strategy. At the end of the semester, students were asked to
report how often they used retrieval practice to learn course
content relative to the beginning of the semester. Eighty-two
percent of students reported that they were much more likely to
use retrieval practice during study than at the beginning of the
semester.
The results of Einstein et al. (2012) indicate that guided exposure to
retrieval practice benefits may alter future self-regulated study behavior. However, this conclusion is based on uncorroborated self-reported
strategy use, and hence, it is unclear whether students actually used
retrieval practice to learn course content and how much they used it.
To examine the efficacy of the current strategy intervention, which is
based on direct instruction about strategy effectiveness, students in
Experiment 2 completed a second learning Session 1 week after the
initial learning session, which was identical to the one used in Experiment 1. During this second transfer session, students studied a new
set of translations and were not given any strategy instructions or
reminded about the effectiveness of retrieval practice as a learning
strategy. This allowed us to examine whether students who received
the initial intervention would spontaneously adopt a repeated retrieval
strategy in a new learning context following a 1-week delay. Put in
terms of Barnett and Ceci’s (2002) taxonomy of transfer, our focus
concerned whether learners would transfer strategy use to a different
knowledge domain (a new set of materials) and a new temporal
context. If students do not continue to use a repeated retrieval practice
strategy without explicit instructions and after a delay, then a more
extensive strategy training intervention may be required than the
current approach to improve students’ long-term strategy use.
Method.
Subjects. Seventy-one undergraduate students from Purdue University completed the initial session. Sample size was determined
using our effect size for group differences in final recall performance
from Experiment 1 (d ⫽ .88). To achieve at least .95 power, at least
58 subjects (29 in each group) were required. We oversampled
slightly to account for expected attrition and to ensure that our final
sample would afford sufficient power. Sixty-four subjects returned to

Table 4
Fixed Effects for the Multilevel Logistic Regression Models
Predicting Final Recall in Experiment 1 and During the Initial
Intervention Session and Transfer Session in Experiment 2
95% CI
Fixed effects
Intercept
Number of initial recalls
Intercept
Number of initial recalls

␤

SE

Wald
Z

Experiment 1
2.01 .70 2.89
0.72 .10 6.99

p

Lower Upper

⬍.01
⬍.001

0.65
0.52

3.38
0.92

Experiment 2—Initials
2.79 .36 7.83 ⬍.001
0.37 .11 3.55 ⬍.001

2.09
0.17

3.48
0.60

2.16
0.03

3.90
0.34

Experiment 2—Transfer session
Intercept
3.04 .44 6.80 ⬍.05
Number of initial recalls
0.18 .08 2.28 ⬍.05
Note. CI ⫽ confidence interval.
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complete the transfer session of the experiment (n ⫽ 33 in the neutral
instruction group, n ⫽ 31 in the retrieval practice instructions group).
Only subjects who completed both sessions were included in the
analyses.
Materials and procedure. The experiment consisted of two
sessions that occurred one week apart. The materials and procedures
in Session 1 were identical to those used in Experiment 1: Subjects
completed a self-regulated learning phase and a final test over a list of
20 Lithuanian–English translations. For the transfer session (Session
2), 20 normatively difficult Swahili–English translations were selected from the norms of Nelson and Dunlosky (1994). The procedure
in Session 2 was the same as the procedure in Session 1 with two
exceptions: All subjects learned and were tested on Swahili–English
materials in the learning phase and final test, and all subjects received
neutral instructions. Thus, subjects who received retrieval practice
instructions in Session 1 received neutral instructions in Session 2.

Results and Discussion
Final recall. The retrieval practice instructions group recalled
a higher proportion of items than the control group during both the
initial session—retrieval practice instructions: M ⫽ .89, SE ⫽ .02;
control: M ⫽ .75, SE ⫽ .05), t(62) ⫽ 2.34, p ⬍ .05, d ⫽ 0.59 [0.08,
1.08]—and the transfer session—retrieval practice instructions:
M ⫽ .88, SE ⫽ .04; control: M ⫽ .73, SE ⫽ .06), t(62) ⫽ 2.23, p ⬍
.05, d ⫽ 0.56 [0.06, 1.06]. Thus, the retrieval practice intervention
administered during the initial session had a lasting effect on how
students learned a new list with neutral instructions 1 week later.
Next, we unpack the contribution of students’ self-regulated learning strategies to this improved learning.
Self-regulated learning behavior.
Study, test, and feedback choices. Mean study, test, and proportion of feedback choices for the initial session and transfer
session are presented in Table 1 as a function of group. Table 1
shows that the retrieval practice instructions influenced decisions
to self-test but not decisions to study items or receive feedback
on testing trials. Consistent with this observation, participants
chose to self-test more in the retrieval practice instructions group
than in the control group for the initial session, t(62) ⫽ 2.08, p ⬍
.05, d ⫽ 0.52 [.02,1.02], and transfer session, t(62) ⫽ 3.20, p ⬍
.01, d ⫽ 0.80 [0.29, 1.31]. However, the frequency of study
choices and feedback choices did not differ between groups for
either Session 1, t(62) ⫽ 0.90, p ⫽ .37, d ⫽ 0.23 [⫺0.27, 0.72], or
Session 2, t(62) ⫽ 0.42, p ⫽ .68, d ⫽ 0.11 [⫺0.39, 0.60].
Cumulative learning. Cumulative recall and cumulative attempted recall during the learning phases of both sessions are
presented in Table 2. In contrast to Experiment 1, the number of
unique items attempted for recall during learning was not significantly different between groups in either Session 1, t(62) ⫽ 1.18,
p ⫽ .24, d ⫽ 0.30 [⫺0.20, 0.79], or Session 2, t(62) ⫽ .86, p ⫽
.39, d ⫽ 0.22 [⫺0.28, 0.71]. Both groups attempted to recall nearly
all the items at least once during learning in Session 1 (98%) and
more than 90% of items in Session 2. Table 2 shows that the
retrieval practice instructions group successfully recalled more
unique items during learning than the control group. These group
differences were only statistically significant during the transfer
session, t(62) ⫽ 2.43, p ⬍ .05, d ⫽ 0.61, [0.10,1.11]. They were
not statistically significant for Session 1, t(62) ⫽ 1.91, p ⫽ .06,
d ⫽ 0.48 [⫺0.02, 0.97]. To summarize, students in both groups

used a retrieval practice strategy at least once for nearly all items.
Of importance, however, is whether students continued to use
retrieval practice for learning translations after an initial successful
recall for them. We examine this key question in the next analysis.
Number of successful retrieval attempts during learning.
Figure 4 shows the mean number of correct retrieval practice trials
for each item during both sessions. Consistent with the goals of the
strategy intervention, the retrieval practice instructions group recalled each translation successfully more times than did the control
group during both the initial session, t(62) ⫽ 2.04, p ⬍ .05, d ⫽
0.51 [0.01, 1.01], and the transfer session of the experiment,
t(62) ⫽ 3.79, p ⬍ .001, d ⫽ 0.95 [0.43, 1.46]. Most important, the
retrieval practice instructions group recalled items on average 3
times immediately after the intervention (initial session) and also
one week later (transfer session), whereas the control group recalled items significantly less than 3 times in both the initial
session, t(32) ⫽ 2.93 p ⬍ .01, d ⫽ 0.51, and the transfer session,
t(32) ⫽ 7.18, p ⬍ .001, d ⫽ 1.25. Put differently, students who
experienced the initial intervention spontaneously used a repeated
retrieval strategy when studying new materials one week after the
intervention occurred. Consistent with this conclusion, there was a
high correlation between the number of successful retrieval practice trials during the initial session and transfer session for both
groups (control: r ⫽ .85, p ⬍ .001; retrieval practice instructions
group: r ⫽ .54, p ⬍ .01). A Fischer r to z test indicated that this
correlation was higher for the control group than for the retrieval
practice instruction group, z ⫽ 2.48, p ⬍ .05, which suggests that
the amount of retrieval practice used by the neutral instructions
group was more consistent across sessions.
Figure 5 shows the mean proportion of translations never recalled, recalled only one time, recalled only 2 times, and recalled
3 or more times during the learning phases of the initial session
(left panel) and transfer session (right panel). Figure 5 shows that
the retrieval practice instructions group was more likely to successfully recall translations 3 or more times than was the control
group during the initial session, t(62) ⫽ 2.02, p ⬍ .05, d ⫽ 0.51
[0.01, 1.01], and the transfer session, t(62) ⫽ 3.17, p ⬍ .01, d ⫽
0.79 [0.28, 1.30], whereas the control group was more likely to
never recall a translation before dropping it from the learning task
during the initial session, t(62) ⫽ 2.36, p ⬍ .05, d ⫽ 0.59, CI [0.09,
1.09], and transfer session, t(62) ⫽ 2.37, p ⬍ .05 d ⫽ 0.59 [0.09,
1.09]. There were no significant differences during the initial
session, t(62) ⫽ 1.33, p ⫽ .19, d ⫽ 0.33 [⫺0.16, 0.83], or transfer
session, t(62) ⫽ 1.83, p ⫽ .07, d ⫽ 0.46 [⫺0.04, 0.95], for the
number of items recalled only once. There was also no significant
differences for items recalled twice during the initial session,
t(62) ⫽ 1.15, p ⫽ .73, d ⫽ 0.29 [⫺0.21, 0.78], and transfer
session, t(62) ⫽ 0.93, p ⫽ .36, d ⫽ 0.23 [⫺0.26, 0.72]. To
summarize, the strategy intervention had persistent effects on
decisions to use a repeated retrieval strategy one week after the
intervention occurred. However, consistent with the outcomes
from Experiment 1, students failed to recall all items to the
criterion specified by the strategy instructions (i.e., recall every
translation correctly 3 times) in both sessions of the experiment.
Why students failed to use this strategy consistently for all items is
unclear. We discuss this outcome in more detail in the General
Discussion.
Decisions before successful recall. The mean proportions of
study, test, and drop decisions for items before their initial successful
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Figure 4. Mean number of correct retrieval practice trials per item in the
learning phase during the initial intervention session and transfer Session 1
week later in Experiment 2. Errors bars represent standard error of the
means.

retrieval are presented in Figure 6 collapsed across the first 5 choice
blocks. The left panel presents data from the initial training session
and the right panel shows data from the transfer session that occurred
1 week later. Figure 6 shows that the retrieval practice instructions
group was more likely to choose to engage in retrieval practice than
the control group during the initial session, t(62) ⫽ 2.43, p ⬍ .05, d ⫽
0.61 [0.10, 1.11], and the transfer session, t(62) ⫽ 2.10, p ⬍ .05, d ⫽
0.53 [0.02, 1.02]. This outcome should be interpreted cautiously
because it was not obtained in Experiment 1, although the same trend
was present in the Experiment 1 data (see the left panel of Figure 3).
If true, this finding would suggest that an additional benefit of the
current intervention is that it may promote early use of retrieval
practice before material is sufficiently encoded to be recalled successfully. Because failed retrieval attempts are more effective than restudying material (Grimaldi & Karpicke, 2012; Kornell, Hays, &
Bjork, 2009; Kornell, Klein, & Rawson, 2015), attempting retrieval
early in the learning process may be more effective for promoting
durable learning relative to students’ default strategies.
Consistent with findings from Experiment 1, the control group
chose to drop more items from learning before successfully retrieving them than the retrieval practice instructions group did
during the initial session, t(62) ⫽ 2.47, p ⬍ .05, d ⫽ 0.62 [0.11,
1.12], and transfer session, t(62) ⫽ 2.47, p ⬍ .05, d ⫽ 0.62 [0.11,
1.12]. Groups also did not differ in their proportion of study
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decisions prior to a successful retrieval attempt during the initial
session, t(62) ⫽ 1.19, p ⫽ .24, d ⫽ 0.30 [⫺0.20, 0.79], or transfer
session, t(62) ⫽ 0.79, p ⫽ .43, d ⫽ 0.20 [⫺0.29, 0.69].
Decisions after successful recall. Figure 7 shows the mean
proportion of study, test, and drop decisions for items after their first
successful retrieval practice trial for the initial training session (left
panel) and the transfer session (right panel). Consistent with Experiment 1, students were unlikely to choose to continue studying items
after initially recalling them, and there were no differences between
groups in the proportion of study choices for items in either the initial
session, t(61) ⫽ 0.15, p ⫽ .89, d ⫽ .04 [⫺0.46, 0.53], or transfer
session, t(54) ⫽ 0.74, p ⫽ .46, d ⫽ 0.20 [⫺0.33, 0.72]. Most
important, the retrieval practice instructions group was more likely to
choose to engage in repeated retrieval practice for items than the
control group was during the transfer session of the experiment,
t(54) ⫽ 2.93, p ⬍ .01, d ⫽ 0.78 [0.24, 1.33]. They were also more
likely to continue using retrieval practice during the initial session,
although these group differences did not reach significance, t(61) ⫽
1.93, p ⫽ .06, d ⫽ 0.49 [⫺0.02, 0.99]. The control group was more
likely to drop items from learning after successfully recalling them
than the retrieval practice instructions group was during both the
initial session, t(61) ⫽ 2.14, p ⬍ .05, d ⫽ 0.54 [0.03, 1.04], and
transfer session, t(54) ⫽ 2.42, p ⬍ .05, d ⫽ 0.65 [0.11, 1.18]. In
summary, the retrieval practice instructions altered self-regulated
learning decisions for items that were successfully recalled one week
later. Students who received this minimal strategy intervention were
more likely to spontaneously use repeated retrieval practice and less
likely to a use a one-and-done recall strategy.
Total time allocated to learning. The total time allocated to
learning items did not differ for the retrieval practice instructions
group (M ⫽ 21.65, SE ⫽ 1.24) and the control group (M ⫽ 19.43,
SE ⫽ 1.71) during the initial session, t(62) ⫽ 1.04, p ⫽ .30, d ⫽ 0.30
[⫺.23, .75]. However, the retrieval practice instructions group (M ⫽
17.89, SE ⫽ 1.12) allocated more time to learning items in the transfer
session than did the control group (M ⫽ 13.44, SE ⫽ 1.38), t(62) ⫽

Figure 5. Mean proportion of items reaching learning accuracy criterions
of 0, 1, 2, or 3⫹ correct retrieval practice trials for each group during the
initial intervention session (left panel) and transfer Session 1 week later
(right panel) in Experiment 2. Errors bars represent standard error of the
means.
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Figure 6. Mean proportion of study, test, and drop decisions for items
before the first successful retrieval practice trial for them during the initial
intervention session (left panel) and the transfer Session 1 week later (right
panel) in Experiment 2. Errors bars represent standard error of the means.

2.91, p ⬍ .01, d ⫽ 0.73 [0.22, 1.23]. The number of successful
retrieval attempts per item was highly correlated with learning time
during the initial session, r ⫽ .72, p ⬍ .001 and the transfer session,
r ⫽ .68, p ⬍ .001 which indicates that students who allocated more
time to learning items used their time to engage in repeated retrieval
practice.
Effects of repeated successful retrieval on final performance.
Table 3 presents final recall performance as a function of the number
of correct retrieval trials during learning and the proportion of items
that fall into each category. The data in Table 3 show that items that
were recalled more often during the learning phase were also more
likely to be recalled on the final test. This pattern is evident in both
sessions of the experiment for both groups. The effect of repeated
successful retrieval on final recall performance was again examined
using a multilevel fixed effects logistic regression model. Fixed effects for the number of successful recall attempts for an item were
entered into the model (group mean centered) with both randomsubject level and random-group level (retrieval practice instructions)
intercepts (i.e., subjects nested in groups). For simplicity, we computed separate models for each session. Table 4 shows that the
probability of recalling translations on the final test increased by .59
(␤ ⫽ .37) during the initial session and by .54 (␤ ⫽ .18) during the
transfer session for each successful recall attempt during the learning
phase. Repeated retrieval practice was a highly effective learning
strategy in both sessions of the experiment.

retrieval practice is most effective when individual to-be-learned
items are recalled three or more times during learning. Students
who experienced this intervention were less likely to terminate
learning for items after their initial successful retrieval than were
students who did not receive any strategy instructions. Perhaps
most important from an applied standpoint, students who were
given retrieval practice instructions in an initial session continued
to use a repeated retrieval practice strategy when learning new
material in a second session one week later, without receiving any
strategy instructions or reminders in the second session (Experiment 2). These results suggest that students can be trained to
regulate their study more effectively and also provide a few
guidelines for how to do so.
Our intervention involved relatively minimal instructions that
educators could adapt to a variety of learning contexts to promote
more effective self-regulated learning for their students. If teachers
follow our approach, they may not need to devote much lecture
time to training students to use repeated retrieval strategies. Instead, they might embed retrieval practice strategy instructions into
homework or study guides. Based on the present results, effective
instructions should emphasize the mnemonic benefits of retrieval
practice to counter students’ inaccurate metacognitive beliefs and
should also provide students with direct instruction about how to
use a repeated retrieval practice strategy to regulate their learning
(e.g., telling students they should correctly recall items at least
three times before dropping them from study).
The current guidelines emphasize the role of direct instruction in
teaching students to use repeated retrieval practice, but other
experience-based interventions might also be effective (see Einstein et al., 2012). However, because students largely view retrieval practice as a self-assessment tool (Karpicke, Butler, &
Roediger, 2009; Kornell & Son, 2009), strategy interventions that
rely on experience alone may be unlikely to teach students about
the effectiveness of repeated retrieval practice for learning. Learning about strategy effectiveness from experience requires a person

General Discussion
The current experiments examined the efficacy of training students to use repeated retrieval practice to improve their selfregulated learning outcomes via direct instruction. Across two
experiments, some participants received a minimal strategy intervention that highlighted the effectiveness of using repeated retrieval practice over the less effective strategy of repeated studying. The intervention involved telling students that repeated

Figure 7. Mean proportion of study, test, and drop decisions for items
after the first successful retrieval practice trial for them during the initial
intervention session (left panel) and the transfer Session 1 week later (right
panel) in Experiment 2. Errors bars represent standard error of the means.
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to monitor learning gains, attribute those gains to a specific strategy, and update one’s knowledge about the effectiveness of the
strategy (for a formal model of strategy learning from experience,
see Dunlosky & Hertzog, 2000). Therefore, because students view
self-testing as an assessment tool for monitoring learning, rather
than as an opportunity to engage in retrieval-based learning, they
may be unlikely to attribute learning gains to the act of retrieval
itself. The present results show that direct instruction can be
effective for teaching students that retrieval is more than just a
self-assessment tool and that repeated retrieval practice is an
effective learning strategy.
Of course, there may be ways that the present intervention could
be adapted and expanded to promote even better use of a repeated
retrieval strategy. Our focus was on training students to recall
information to a specific accuracy criterion, but other factors exists
that also improve the effectiveness of retrieval practice, including
the spacing of retrieval attempts for items within study sessions
(Karpicke & Bauernschmidt, 2011; Karpicke & Roediger, 2007;
Pyc & Rawson, 2009) and relearning with repeated retrieval to an
accuracy criterion across multiple study sessions (Rawson & Dunlosky, 2013). Whether students can be trained and will adopt either
strategy is an open question worth pursuing. Regardless, the current experiments provide a promising first step in developing
guidelines for training students to regulate their learning more
effectively using repeated retrieval practice.
Another open question is what the appropriate age is to train
students to use a repeated retrieval strategy. Children as young as
first graders can benefit from guided retrieval practice (Lipowski,
Pyc, Dunlosky, & Rawson, 2014), but they may have difficulties
implementing a repeated retrieval strategy on their own, because
the strategy requires monitoring response accuracy and keeping
track of the number of correct responses for each item across
multiple tests. Elementary schoolchildren may lack the ability to
use feedback from monitoring (e.g., their judgments of learning)
when they make study decisions (Lockl & Schneider, 2004;
Masur, McIntyre, & Flavell, 1973; Schneider & Lockl, 2008;
Schneider & Loffler, 2016). Therefore, additional training or scaffolding may be necessary to help children use repeated retrieval
practice strategies more effectively.
In some cases, even college students may require additional
training to maximize the benefits of repeated retrieval practice. In
the current experiments, many students failed to recall all translations to the accuracy criterion specified by the retrieval practice
instructions even though on average items were recalled to this
criterion (see the distributions of choices displayed in Figures 2
and 5). Failure to recall a specific item to a goal criterion could be
due to errors in remembering the number of correct retrieval
practice trials that have occurred for items. This type of error could
be overcome by removing the memory component required when
students must mentally track the frequency of correct responses for
items, perhaps by instructing students to physically mark items
after each correct response.
Errors in tallying could also arise from overconfidence in retrieved
responses. For conceptual materials such as key-term definitions from
an introductory psychology course (e.g., What is the definition of
confirmation bias?), many students believe that their retrieved responses are completely accurate even when the responses are only
partially correct and are missing important details (Dunlosky,
Hartwig, Rawson, & Lipko, 2011; Dunlosky & Rawson, 2012;

11

Grimaldi & Karpicke, 2014). This type of overconfidence could
reduce the effectiveness of a repeated retrieval practice strategy because students may believe they have recalled all the important
information accurately multiple times when they have not done so.
Thus, additional training or interventions targeting student’s monitoring accuracy might be necessary to fully reap the benefits of repeated
retrieval practice with more complex material.
A final open question is whether students chose to practice repeated
retrieval to different degrees with different items. The present experiments were not designed to address this question, but other research
may point to possible answers. For example, students may have
chosen to engage in more retrieval practice for subjectively difficult
material than for subjectively easier material. Such a strategy would
be relatively effective and metacognitively savvy because normatively easy items may require fewer successful retrieval practice trials
than normatively difficult items to achieve equivalent benefits to
retention (Vaughn, Rawson, & Pyc, 2013).
Although limited research has examined the processes influencing
retrieval practice decisions, these decisions, like other self-regulatory
decisions, are likely influenced by metacognitive monitoring processes. Specifically, students appear to set different decision criteria
when they choose to study, retrieve, or drop information. Many
students prefer to study items that they give low judgments of learning, test themselves on items they give medium level judgments of
learning, and drop items they give high judgments of learning
(Karpicke, 2009). A single correct retrieval attempt will typically
increase one’s judgment of learning for an item to levels exceeding
their drop decision criterion. Our strategy intervention may have
caused learners to increase their drop decision criterion to ensure that
items were recalled multiple times during learning. Easy items may
still be more likely to exceed this decision criterion following fewer
retrieval practice trials relative to difficult items, which might explain
why students in the retrieval practice instructions group did not recall
all items correctly three times (see Figures 2 and 5). Because our
experiments were not designed to evaluate the effects of item difficulty on retrieval practice decisions, these questions require additional
future research (but see Karpicke, 2009).
In summary, the current experiments indicate that direct instructions about the effectiveness of repeated retrieval practice and how
to use this strategy can alter and improve learners’ self-regulated
learning behavior. These results are especially encouraging because people hold inaccurate metacognitive beliefs about the efficacy of retrieval practice for improving learning outcomes (Ariel
et al., 2014; Hartwig & Dunlosky, 2012; Karpicke et al., 2009;
Kornell & Son, 2009) and these types of metacognitive illusions
are often difficult to counteract (for recent discussion, see Yan et
al., 2016). A simple instructional intervention can improve learning outcomes and promote effective self-regulated learning strategies that persist over the long term.
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Retrieval Practice Instructions

Figure A1. Illustration of the strategy instructions that the retrieval practice instructions group received prior
to beginning the initial learning phase of the experiment in Experiment 1 and the initial session of Experiment
2. The retrieval practice instructions group did not receive strategy instructions during the transfer session of
Experiment 2.
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