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Abstract
Recalling a subset of studied materials can impair subsequent retrieval of related, nontested
materials. In two experiments, we examined the influence of providing corrective feedback (no
feedback, immediate feedback, delayed feedback) during retrieval practice on this retrievalinduced forgetting effect. Performance was assessed with category cued recall (e.g., recall all
exemplars studied under Weather), category-and-stem cued recall (e.g., Weather – B___), and
recognition. We report a dissociation between the effects of feedback on memory of the tested
materials and the nontested materials. Whereas providing immediate or delayed feedback
(compared to no feedback) improved recall and recognition of the tested items, it had no
influence on retrieval-induced forgetting. These results are consistent with the inhibition account
of retrieval-induced forgetting. From an applied perspective, this finding is encouraging for
students and educators who use testing to foster learning.
(Word Count: 135)
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Providing Corrective Feedback During Retrieval Practice Does Not Increase
Retrieval-Induced Forgetting
In recent years, researchers have identified retrieval practice, or testing, as a powerful
tool to improve learning (Roediger & Karpicke, 2006), and providing feedback (i.e., the correct
answer) can further augment the benefits of retrieval practice (Kang, McDermott, & Roediger,
2007). Although much research has demonstrated that the combination of testing and corrective
feedback can dramatically enhance retention of the tested material (e.g., McDaniel, Howard, &
Einstein, 2009), its impact on retention of the nontested material remains unknown. In the
present investigation, we began to answer this question.
Substantial work has investigated the effects of retrieval practice on subsequent memory
of the nontested material. In general, performing retrieval practice on a subset of the studied
items can impair later recall of the items that did not receive retrieval practice – a finding termed
retrieval-induced forgetting (Anderson, 2003; Butler, 2010; but see also Chan, 2009). In a
typical study of its kind, participants study category-exemplar word pairs (e.g., Fruit – Orange,
Spice – Nutmeg, Spice – Thyme, Weather – Drought) and then perform retrieval practice on
some of the exemplars from half of the studied categories. This retrieval practice phase produces
three types of items: tested (i.e., tested items from the practiced categories), nontested (i.e.,
nontested items from the practiced categories), and control (i.e., items from categories in which
no exemplars were practiced).1 Following a delay, participants’ memory for all of the exemplars

1

In the retrieval-induced forgetting literature, the tested, nontested, and control items are often

referred to as Rp+, Rp-, and Nrp, respectively. We opted to use non-abbreviated terms here
because we feel that their meanings are more transparent.
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is tested. Typically, the nontested items exhibit poorer memory than the control items. This
finding has generated considerable research interest (for a recent review, see Storm & Levy,
2012). Curiously, despite the extensive literature on both retrieval-induced forgetting and
corrective feedback, no study has examined the influence of feedback during retrieval practice on
subsequent recall of the nontested materials. In fact, to the best of our knowledge, only two
studies in the vast literature on retrieval-induced forgetting have implemented corrective
feedback during retrieval practice (Ciranni & Shimamura, 1999; Raaijmakers & Jakab, 2012;
Roediger & Karpicke, 2006), but neither manipulated the administration of feedback as a
variable (i.e., a control, no-feedback condition was not included).
Researchers have advocated implementation of testing (Kang et al., 2007; Roediger &
Karpicke, 2006) and feedback (Butler, Karpicke, & Roediger, 2008; Kang et al., 2007; e.g.,
McDaniel et al., 2009) to enhance learning in the classroom. Because it is unrealistic to expect
students to test themselves on all of the study material, it is important to understand the effects of
retrieval practice and feedback on memory for the nontested material. Equally important is that
data from the present study have implications for the theoretical understanding of retrievalinduced forgetting.
Broadly speaking, two theories have been proposed to explain retrieval-induced
forgetting. The interference theory suggests that retrieval-induced forgetting occurs because
performing retrieval practice on some of the studied items selectively strengthens these items in
memory. When one needs to recall the nontested items later, the stronger, more accessible tested
items block retrieval of the weaker, nontested items (Anderson, 2003; Butler, 2010; Camp,
Pecher, Schmidt, & Zeelenberg, 2009; but see also Chan, 2009; Raaijmakers & Jakab, 2013;
Williams & Zacks, 2001). That is, selective retrieval practice of a subset of the studied items

FEEDBACK AND RETRIEVAL-INDUCED FORGETTING

5

creates variations in item strength within a study list, with some items (the tested ones) being
much more accessible than others (the nontested ones). In this sense, retrieval-induced
forgetting is akin to the list-strength effect, where increasing the strength of some items in a list
impairs recall of the remaining items (Tulving & Hastie, 1972). Based on this idea, providing
feedback should exacerbate retrieval-induced forgetting because feedback would further
strengthen the tested exemplars and their association with the category cue, thus exacerbating the
likelihood that the tested items would interfere with retrieval of the nontested items.
Another explanation for retrieval-induced forgetting is based on the idea that competition
during retrieval practice elicits inhibition of the nontested materials (Anderson, 2003; Storm &
Levy, 2012). Unlike interference theory, inhibition theory would lead one to predict no
influence of feedback on retrieval-induced forgetting. Because providing feedback after the
retrieval attempt would not alter the level of retrieval competition (and therefore inhibition), it
should not affect the magnitude of retrieval-induced forgetting. Moreover, one prominent
assumption of inhibition theory is that retrieval suppression is independent of the strength or
retrieval success of the tested items (Anderson, 2003; Bauml, 2002; Storm & Nestojko, 2010;
Storm, Bjork, Bjork, & Nestojko, 2006). The reasoning is that when one attempts to recall a
target memory, other items in memory (e.g., the items that share the retrieval cue with the target)
compete for retrieval. To resolve this competition, one must suppress the representation of these
nontarget items. The critical assumption of inhibition theory is that varying the strength of the
target items (and by extension, varying whether it is possible to retrieve the target, Storm &
Nestojko) should not alter the level of retrieval-induced forgetting observed, because inhibition
is triggered by competition initiated by the nontarget items (Anderson, Bjork, & Bjork, 2000; see

FEEDBACK AND RETRIEVAL-INDUCED FORGETTING

6

the competition-dependence assumption of inhibition, 1994). Therefore, according to inhibition
theory, providing feedback should have no impact on retrieval-induced forgetting.
In the present study, we tested the influence of feedback on retrieval-induced forgetting
by varying the presence and timing of feedback administration (immediate vs. delayed).
Previous research has shown that delaying feedback can sometimes increase its benefits (Butler,
Karpicke, & Roediger, 2007). If delayed feedback further strengthens memory for the tested
items relative to immediate feedback, then it should further increase the magnitude of retrievalinduced forgetting according to the interference account. Specifically, some participants
received feedback immediately after each retrieval attempt (i.e., immediate feedback), whereas
others received feedback only at the conclusion of the retrieval practice phase (i.e., delayed
feedback).
In Experiment 1, we attempted to maximize the potential contribution of interference to
retrieval-induced forgetting by employing a category cued recall test (if feedback does increase
the level of retrieval-induced forgetting, it would likely be detected here). In Experiment 2, we
reduced the contribution of interference by administering a recognition test (we describe the
motivation and reasoning behind this experiment more thoroughly following presentation of the
results from Experiment 1). In sum, we sought to examine the effects of providing feedback
during retrieval practice on subsequent memory of the nontested material. The experiments used
a 3 (feedback condition: no feedback, immediate feedback, delayed feedback) X 3 (item type:
tested, nontested, control) mixed design. Feedback, operationally defined here as providing the
correct answer, was manipulated between-subjects and item type was manipulated withinsubjects.
Experiment 1
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Method
Participants. Ninety-six undergraduate students at Iowa State University participated
for research credit, with 32 in each feedback condition.
Materials. Participants studied 48 category-exemplar word pairs. There were eight
categories and six exemplars in each category. The word pairs were generated using the
following rules: all category names and exemplars were single words, the category typicality
rating for all exemplars were below .40 (range = .01-.38, M = .12, Battig & Montague, 1969),
and the exemplar words had a low to medium word frequency (range = 1-101, M = 34.81,
Thorndike & Lorge, 1942). See the Appendix for the materials.
Procedure. Participants were tested on individual computers in groups of up to eight.
During the encoding phase, each word pair appeared for 5 s with a 500 ms interstimulus interval.
The pairs were presented in a random order, but none in the same category were presented
consecutively. Following the study phase, participants performed retrieval practice on half
(three) of the exemplars from half (four) of the categories, producing the three item types: tested,
nontested, and control. The pairs that received retrieval practice were counterbalanced across
participants. During each retrieval practice trial, participants were given the category name and a
two-letter stem (e.g., Weather – Bl______) and were instructed to type in the entire exemplar
(i.e., Blizzard). Participants performed the retrieval practice phase three times, with a fresh
random order for each, but no exemplars from the same category were tested on consecutive
trials. In the no feedback condition, participants had 7 s to recall the target in each retrieval
practice trial. In the immediate feedback condition, participants had 6 s to recall the target, and
the correct answer (the entire cue-target pair) appeared for 1 s immediately afterward. In the
delayed feedback condition, participants were given 6 s to recall each target. At the end of the
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entire retrieval practice phase, the correct answers (i.e., the cue-target pairs) were shown for 3 s
each and in a random order. Participants were not aware that they would receive feedback until
the end of the retrieval practice phase, and the feedback was shown once. We decided not to
inform participants about the impending feedback here because the delayed feedback condition
was designed to strengthen accessibility of the tested items without possibly altering retrieval
effort during the retrieval practice phase (i.e., knowing that one would receive corrective
feedback may make one devote less effort to the retrieval practice task). Following the retrieval
practice phase, all participants performed the operation span task (Unsworth, Heitz, Schrock, &
Engle, 2005), followed by the videogame Tetris, for a total of 20 min.
During the final test phase, participants first completed a category cued recall test. For
each trial, a category name appeared on the top of the screen, and participants had 30 s to type in
all of its studied exemplars. The order of the categories was randomized for each participant.
Afterwards, we administered a category-and-stem cued recall test (e.g., “Spice – N____”).
Participants had 7 s to complete each trial. The categories were presented in a random order.
Exemplars within each category were presented consecutively and in a random order, but the
nontested items always appeared before the tested items (to reduce output interference, Anderson,
2003). We elected not to report results from this test because they were contaminated by the
category cued recall test. For the purpose of disclosure, however, we note that the data from this
test were completely consistent with those from the category cued recall test.
Results
Statistical significance was determined by an alpha level of .05 (two-tailed). Partial eta
squared (ηp2) indicates effect size for analysis of variance (ANOVA), and Cohen’s d indicates
effect size for t-tests.
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Results from the Retrieval Practice Phase. A 3 (retrieval practice trial: 1, 2, 3) X 3
(feedback condition: none, immediate, delayed) ANOVA showed that recall probability rose
over the three retrieval practice trials, F(2, 186) = 72.67, ηp2 = .61. However, this main effect
was moderated by an interaction between retrieval practice trial and feedback condition, F(4,
186) = 19.02, ηp2 = .29. Whereas performance showed modest gains across the retrieval practice
trials in the no feedback (Ms = .70, .75, .75 in the first, second and third retrieval practice trials,
respectively) and delayed feedback conditions (Ms = .67, .71, .75), its improvement was, as
expected, far greater in the immediate feedback condition (Ms = .61, .90, .97).
Results from the Final Test Phase. Results from the category cued recall test are
displayed in Figure 1. A 3 (feedback condition) X 3 (item type) ANOVA revealed a main effect
of item type, F(2, 92) = 376.01, ηp2 = .89. This main effect was characterized by a significant
retrieval-induced forgetting effect (i.e., poorer performance for the nontested items relative to the
control items), t(95) = 8.46, d = .97, and a testing effect (i.e., better performance for the tested
items relative to the control items), t(95) = 19.27, d = 2.10. Feedback condition did not produce
a main effect, F = 1.87, p = .16, but its marginal interaction with item type showed that feedback
affected recall of only the tested items, Finteraction (4, 186) = 2.33, p = .06. Specifically, both
delayed feedback (M = .75) and immediate feedback (M = .74) promoted recall of the tested
items over no feedback (M = .62), ts > 2.15, ds > .53. Most important for present purposes,
however, is that feedback did not increase the magnitude of retrieval-induced forgetting (.15 with
no feedback, .12 with immediate feedback, .15 with delayed feedback). This finding is
consistent with the prediction based on the inhibition account.
One potential concern with our data is that recall probability of the nontested items was
quite low in the no feedback condition (.16), which might have masked any detrimental effects
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of providing feedback on recall of the nontested items. To address this possibility, we
reanalyzed our data based on the 16 participants (i.e., the top half) with the highest nontested
items recall probability in each feedback condition (overall M = .29). Even in this analysis,
providing feedback did not exacerbate retrieval-induced forgetting (.09 for no feedback, .10 for
immediate feedback, .05 for delayed feedback).
Another possible concern is that our feedback effect was modest. That is, perhaps our
feedback manipulation did not strengthen the tested items enough to affect retrieval-induced
forgetting. To address this possibility, we examined whether the magnitude of retrieval-induced
forgetting increased for participants who benefited the most from corrective feedback. It is
possible to estimate the effectiveness of feedback for participants in the immediate feedback
condition on an individual basis by comparing recall performance of the third retrieval practice
trial with that of the first. Because recall performance was relatively stable across the retrieval
practice trials without between-trial feedback (see the no feedback and delayed feedback
conditions), it is reasonable to assume that participants who demonstrated the greatest gains in
performance across the retrieval practice trials were the ones who benefitted the most from
feedback. We performed a median split analysis based on the difference in performance between
retrieval practice trial 1 and trial 3. Remarkably, nearly identical levels of retrieval-induced
forgetting (.12 and .13, respectively) was observed between participants who benefitted the most
(.49) from feedback and those who benefitted relatively little (.25). Thus, the size of the
retrieval-induced forgetting effect appears to be independent of the size of the feedback benefit.
An output order analysis was conducted to examine whether feedback affected output
interference, which could mask the effects of retrieval inhibition (Anderson, 2003). We divided
the average output positions of the tested and nontested items by the total number of items
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recalled per category for each participant. For example, if a participant recalled five items from
a category and the first three recalled items were tested, the average output position for the tested
items would be [(1 + 2 + 3)/3]/5 = .40, whereas the average output position for the nontested
items would be [(4 + 5)/2]/5 = .90. To facilitate comparison across feedback conditions, we
divided the output position of the nontested items by that of the tested items to yield a single
score of output ratio (e.g., .90/.40 = 2.25). If this ratio is greater than 1, then the nontested items
were output later than the tested items (which was expected). Of importance here is whether the
relative output positions of the tested and nontested items were influenced by feedback – they
were not, as the output position ratio was 1.36 for the no feedback condition, 1.53 for the
immediate feedback condition, and 1.45 for the delayed feedback condition, F < 1, p = .43.
Experiment 2
The results from Experiment 1 show that feedback does not influence the magnitude of
retrieval-induced forgetting. Although this finding is consistent with the inhibition account, a
lingering possibility is that different factors contributed to retrieval-induced forgetting depending
on whether or not participants received feedback. Specifically, providing feedback during
retrieval practice could have eliminated inhibition by reducing retrieval competition, but a
retrieval-induced forgetting effect was nonetheless observed because feedback differentially
strengthened the tested items, causing these items to block recall of the nontested items during
the category cued recall test.2 To address this concern, we administered a yes/no recognition test
in Experiment 2. Because the studied category cue is not presented in free choice recognition,

2

Note that this explanation has trouble accounting for the equivalent performance between the

immediate feedback and delayed feedback conditions.
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this test should significantly weaken the possibility that the category cue would trigger retrieval
of the tested items, which in turn blocks retrieval of the nontested items (Aslan & Bäuml, 2011;
Veling & van Knippenberg, 2004). However, Verde (2012) argued that recognition is not
immune to interference effects because recollection (a recall-like retrieval process) can
contribute to its performance (see also Raaijmakers & Jakab, 2013). More concretely,
interference effects can operate in a recognition test if participants spontaneously recall the
category cue when the target is presented (Camp et al., 2009), which activates memory of the
tested items, which in turn block retrieval of the nontested target (despite it being presented as
the retrieval cue in a recognition test). Notably, even if retrieval-induced forgetting in a
recognition test does not represent unequivocal evidence for inhibition, two important factors
remain. First, it is well known that, compared to recall, recognition is far less susceptible to
interference effects in general (e.g., Ratcliff, Clark, & Shiffrin, 1990; Yonelinas, Hockley, &
Murdock, 1992). Second, even if recognition is susceptible to retrieval blocking, interference
theory would still predict that feedback should increase retrieval-induced forgetting. Because
feedback strengthens the association between the category cue and the tested items, it should
increase the likelihood that covert retrieval of the category cue would then activate the tested
items, thus enhancing any putative blocking effects. To be clear, if the retrieval-induced
forgetting effect in Experiment 1 was driven by inhibition, results from Experiment 2 should
mirror those from Experiment 1 – that is, feedback would have no influence on retrieval-induced
forgetting.
Method
Participants. A total of 144 undergraduate students at Iowa State University participated
for research credit, with 48 participants in each feedback condition.
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Materials and Procedure. Because the recognition final test required a set of foils, we
selected 48 additional exemplars. The category typicality criterion was expanded to acquire the
necessary items. The category “Religion” was replaced by “Metal” because we were unable to
obtain enough exemplars for the former category. Typicality of all exemplars was less than .50
(range = .01-.46, M = .11, SD = .09). Exemplars were also selected based on Thorndike and
Lorge’s (1944) norms (range = 1-226, M = 53.38, SD = 52.38) and the Kucera and Francis
(1967) norms (range = 1-15, M = 3.75, SD = 3.38). See the Appendix for the materials.
Whether a word served as a target or a lure was counterbalanced across participants. The
procedure of Experiment 2 was identical to Experiment 1 except that participants completed a
yes/no recognition test. The test was self-paced and contained 96 trials (half studied and half
new) presented in a random order. Category names were never presented during the recognition
test.
Results
Results from the Retrieval Practice Phase. Similar to Experiment 1, a 3 (retrieval
practice trial) X 3 (feedback condition) ANOVA revealed that both feedback and retrieval
practice trials produced significant main effects, Fs > 12.92, ηp2 > .22. More importantly,
feedback interacted with retrieval practice trials, F(4, 282) = 18.77, ηp2 = .21. As expected,
recall probability rose substantially across the retrieval practice trials (Ms = .68, .90, .93) in the
immediate feedback condition but not in the delayed feedback (Ms = .69, .73, .74) and no
feedback conditions (Ms = .64, .66, .66).
Results from the Final Test Phase. False alarm rates did not differ significantly based
on feedback (no-feedback = .12, immediate feedback = .13, delayed feedback = .16), F = 1.31, p
= .27. We conducted all analyses based on d’ (see Figure 2 for means). Whenever the hit rate
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was 1 and the false alarm rate was 0, we applied the standard correction method whereby the
false alarm rate was converted to 1/2N (where N was the number of trials) and the hit rate was
converted to 1 – 1/(2N) (Macmillan & Creelman, 2005).
A 3 (feedback condition) X 3 (item type) ANOVA revealed a main effect of item type,
F(2, 142) = 289.20, ηp2 = .81. There was a significant retrieval-induced forgetting effect, t(143)
= 4.30, Cohen’s d = .23, and a testing effect, t(143) = 20.61, Cohen’s d = 1.33. Feedback
condition produce a marginally significant main effect, F(2, 141) = 2.56, p = .08, and it
interacted with item type, F(4, 282) = 3.99, p = .04. This interaction was driven by the fact that
feedback affected recognition performance of only the tested items. Specifically, both delayed
feedback (d’ = 2.93) and immediate feedback (d’ = 2.91) enhanced recognition of the tested
items over no feedback (d’ = 2.40), ts > 3.12, Cohen’s d > .64. However, feedback had virtually
no influence on the magnitude of retrieval-induced forgetting in d’ (.19 with no feedback, .19
with immediate feedback, .17 with delayed feedback).
Again, we performed a median split analysis to examine whether participants who
benefitted the most from feedback (as estimated by the difference of recall probability between
retrieval practice trial 1 and trial 3 = .39) would show greater retrieval-induced forgetting than
participants who benefitted the least (.13) – they did not. Rather, the two groups showed similar
levels of retrieval-induced forgetting in d’ (.18 for high feedback benefit and .21 for low
feedback benefit), t < 1, p = .82. In sum, similar to Experiment 1, despite feedback increasing
performance of the tested items, it did not exacerbate retrieval-induced forgetting.
General Discussion
In two experiments, we attempted to address whether obtaining corrective feedback
during retrieval practice would exacerbate the magnitude of retrieval-induced forgetting.
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Overall, feedback increased recall and recognition probabilities of the tested items without
impairing those of the nontested items. From a theoretical perspective, these findings are
consistent with the inhibition account. From an applied perspective, they suggest that acquiring
feedback during retrieval practice enhances memory of the tested materials without impairing
memory of the nontested materials beyond that of receiving retrieval practice alone.
Theoretical Implications
The finding that feedback increased performance of the tested items without impairing
that of the nontested items is consistent with predictions based on the inhibition account. A
possible concern with this conclusion is that support for inhibition rests on a null effect, and
perhaps our experiments were simply not sensitive enough to detect the effects of feedback on
retrieval-induced forgetting. We do not find this argument compelling for several reasons.
Although feedback failed to increase the size of retrieval-induced forgetting, we were able to
detect its facilitative effects on the tested items in two experiments using different retrieval tasks.
Moreover, we presented the entire category-exemplar pair as feedback. This procedure ensured
that the cue-target association, rather than just the target, was strengthened by feedback. This is
important because strengthening the target representation alone (instead of strengthening the cuetarget association) may not be sufficient to produce interference effects in recall (Verde, 2009).
In addition, the final test in Experiment 1 was category cued recall, which should provide
abundant opportunities for interference effects to be revealed (Bauml, 1997). Unlike tests in
which output order can be manipulated, a category cued recall test allows participants to output
items in any order. Because the tested items are likely to be recalled before the weaker,
nontested items, a category cued recall test is particularly suited to detecting interference effects.
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Despite this, feedback did not affect retrieval-induced forgetting; instead, the data patterns
between Experiments 1 and 2 (which used recognition) were remarkably similar.
More broadly, our data contributes to the current debate about whether retrieval-induced
forgetting is better accounted for by interference or inhibition (e.g., Hulbert, Shivde, & Anderson,
2012; Raaijmakers & Jakab, 2013; Storm & Levy, 2012; Verde, 2012). According to both
inhibition and interference theorists, retrieval practice directly enhances representation of the
tested items. More controversial is what can cause the reduction in performance of the related,
nontested materials. According to interference accounts, retrieval-induced forgetting occurs
because the tested items block retrieval of the nontested items. Therefore, the very process that
strengthens the tested items causes retrieval deficits of the nontested items. An extension of this
reasoning is that variables that affect performance of the former should also affect performance
of the latter. In contrast, inhibition theorists argue that the testing effect and retrieval-induced
forgetting should be dissociable because they have different underlying mechanisms (with the
latter involving inhibition).
Of most relevance to the present study is the strength-independence assumption of the
inhibition theory, which suggests that magnitude of retrieval inhibition is independent of
memory strength of the tested items. This is consistent with the broader idea that different
mechanisms underlie the testing effect and retrieval-induced forgetting. For example, the
detrimental effects of retrieval-induced forgetting and the benefits of retrieval practice are
dissociable neurologically, such that they are accompanied by different electrophysiological
(Spitzer, Hanslmayr, Opitz, Mecklinger, & Bäuml, 2009) and hemodynamic responses (Wimber
et al., 2008). Moreover, several studies have shown that retrieval-induced forgetting does not
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always happen with selective retrieval practice (Bauml & Kuhbandner, 2007; Chan, 2009;
Román, Soriano, Gomez-Ariza, & Bajo, 2009).
Pertaining specifically to the strength-independence assumption, increasing encoding
time for some studied items enhances recall of these items without affecting recall of the
remaining items (e.g., Bauml, 1997). More recently, researchers have shown that retrievalinduced forgetting can occur even without selective strengthening of the tested items. For
example, Storm and colleagues showed similar levels of retrieval-induced forgetting regardless
of whether one can successfully recall the tested items during retrieval practice (Storm et al.,
2006; by giving subjects studied/possible or nonstudied/impossible word stem, Storm &
Nestojko, 2010). Similarly, Bauml (2002) showed that generating nonstudied items from the
studied categories can cause retrieval-induced forgetting (see also Storm, Bjork, & Bjork, 2008).
Both of these procedures, however, suffer from the same potential concern. Namely, participants
may covertly retrieve some of the studied items even if they are not required to. For example,
when participants are presented with an impossible, and thus very difficult, retrieval cue (e.g.,
Weapon – Wo____ - successful retrieval is impossible because no weapon begins with “Wo”),
they might attempt to recall the studied items and then realize that none of them fit the word
stem. Likewise, when participants must generate nonstudied category exemplars, the studied
exemplars may come to mind (because they are more accessible than the nonstudied exemplars)
and are then withheld from output. As a result, support for strength-independence has been
criticized as less clear cut than previously assumed (Raaijmakers & Jakab, 2013).
In the present study, we showed that a manipulation that greatly enhances performance
of the tested items had virtually no impact on performance of the nontested items. In fact, even
participants who benefitted the most from feedback showed the same amount of (or less)
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retrieval-induced forgetting (.12 in Experiment 1 and .06 in Experiment 2) than participants who
received no feedback at all (.15 in Experiment 1 and .07 in Experiment 2). Moreover, these
results were obtained regardless of whether the retrieval environment was more (Experiment 1)
and less (Experiment 2) susceptible to associative interference. These results are clearly
consistent with the strength-independence assumption and pose a serious challenge to
interference accounts of retrieval-induced forgetting.
Another interesting finding is that although immediate feedback greatly increases the
probability of retrieval success during retrieval practice, it produced no appreciable difference to
the magnitude of retrieval-induced forgetting. As a result, we found no evidence for the
hypothesis that increasing retrieval fluency during retrieval practice would reduce the need for
inhibition (see the motivation behind the immediate and delayed feedback manipulation in the
Introduction). This finding is consistent with the idea that retrieval inhibition is determined not
by accessibility of the tested items (an instantiation of strength-independence), but by
competition arising from the nontested items (Anderson et al., 2000; an instantiation of
competition-dependence, Gómez-Ariza, Fernandez, & Bajo, 2012).
Applied Implications
In this experiment, we purposefully equated the total time of the retrieval practice phase
for all participants, so feedback represents a cost free method for enhancing retention – it
increased retention of the tested materials without any other performance costs. In real-life
situations, it would be much more difficult to control for the total time spent on learning. For
example, providing feedback in class (e.g., when instructors return exams to the students) may
require instructors to sacrifice some lecture time. But given that errors are almost never
corrected spontaneously in the absence of feedback (Metcalfe & Kornell, 2007), and retrieval-
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induced forgetting can occur without overt retrieval (e.g., a student receives an in-class quiz but
does not produce a response, Storm & Nestojko, 2010), we believe that forfeiting some lecture
time is a reasonable sacrifice.
In two experiments, we found that feedback timing (i.e., immediate or delayed) did not
influence the magnitude of its benefit, whereas former research has shown that delaying
feedback can sometimes increase its benefit (Butler et al., 2007). This discrepancy may reflect
two important differences between the way feedback was administered in the present study and
in Butler and colleagues’ study. In the present study, immediate feedback was administered
three times (as necessitated by the three retrieval practice trials), but delayed feedback was
administered only once. Therefore, immediate feedback might have benefited from distributed,
or spaced, learning (Delaney, Verkoeijen, & Spirgel, 2010). Another possible reason that we did
not observe a delayed feedback benefit is that our retention interval was too short (20 min).
Indeed, Butler et al. found that the benefits of delayed feedback over immediate feedback
emerged after 1 week but not after 1 day.
Aside from a direct increase in recall of tested information, feedback can provide other
benefits. Recent work suggests that previously inhibited memories might be relearned faster
than the noninhibited ones (Storm et al., 2008). This finding, again, demonstrates the critical
importance of feedback for learning.
Future Directions and Conclusions
This research represents a first attempt to address the influence of feedback on memory
for the nontested materials; as such, several questions remain unanswered. For example, would
our results generalize to other materials and retention intervals? Previous research suggests that
coherent materials (like prose instead of word lists) and a long delay can sometimes offset the
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detrimental effects of retrieval-induced forgetting (Chan, 2009; Chan, McDermott, & Roediger,
2006), so it would be interesting to examine the effects of feedback on the nontested materials
under these conditions.
In conclusion, we have demonstrated that providing feedback can enhance memory
performance of the tested material without any detectable cost on the nontested material. Given
this knowledge, it appears that educators can feel even more confident in using testing and
feedback to enhance learning.
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Figure 1. Proportion of exemplars correctly recalled on the category cued recall final test in
Experiment 1. Error bars reflect the within-subjects 95% confidence interval.
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Figure 2. Recognition performance in Experiment 2 as displayed by d’. Error bars reflect the
within-subjects 95% confidence interval.
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Appendix
Materials used in the experiments. Asterisks denote exemplars used in Experiment 1. Note that
the category “Religion” in Experiment 1 was replaced by the category “Metal” in Experiment 2.
Exemplar Word

Category
Typicality

Kucera-Francis
Word Frequency

Thorndike-Lorge
Word Frequency

*

Canary

.30

N/A

39

*

Blackbird

.20

N/A

4

*

Oriole

.17

5

5

*

Parrot

.16

1

18

*

Starling

.11

N/A

7

*

Vulture

.10

1

12

Pigeon

.13

3

76

Woodpecker

.10

1

6

Swallow

.09

10

170

Falcon

.06

4

5

Flamingo

.04

N/A

2

Raven

.03

N/A

9

*

Dentist

.25

12

61

*

Plumber

.09

4

28

*

Accountant

.08

2

18

*

Chemist

.05

16

32

*

Janitor

.03

4

15

*

Baker

.03

36

86

Engineer

.25

42

218

Category Name
Birds

Job
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Animals

Flowers

29

Clerk

.07

34

226

Policeman

.05

19

190

Merchant

.05

20

118

Fireman

.05

1

45

Architect

.04

22

102

*

Mouse

.27

10

48

*

Giraffe

.19

N/A

1

*

Squirrel

.13

1

32

*

Donkey

.11

1

20

*

Rabbit

.11

11

96

*

Leopard

.10

N/A

13

Tiger

.46

7

103

Elephant

.41

7

144

Sheep

.19

23

86

Camel

.06

1

24

Antelope

.06

7

49

Turtle

.03

8

21

*

Pansy

.24

6

39

*

Gardenia

.20

1

20

*

Daffodil

.20

N/A

17

*

Lilac

.10

4

52

*

Sunflower

.08

N/A

14

*

Marigold

.04

N/A

10
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Weather

Spice

30

Violet

.33

7

109

Orchid

.31

N/A

44

Peony

.09

3

N/A

Azalea

.07

2

N/A

Poppy

.05

2

16

Buttercup

.04

N/A

8

*

Lightning

.16

14

101

*

Blizzard

.10

7

27

*

Monsoon

.10

3

2

*

Sunny

.07

13

53

*

Humidity

.07

8

17

*

Drought

.04

5

23

Typhoon

.13

1

N/A

Thunder

.12

14

138

Shower

.07

15

147

Hailstorm

.04

1

N/A

Rainbow

.03

4

45

Snowstorm

.03

3

11

*

Cinnamon

.27

N/A

82

*

Paprika

.20

2

72

*

Mustard

.14

20

51

*

Nutmeg

.10

4

21

*

Thyme

.07

N/A

7
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Cloth

Religion

31

Ginger

.03

2

68

Vanilla

.27

1

86

Garlic

.27

4

30

Cloves

.21

1

N/A

Onions

.14

15

N/A

Vinegar

.09

9

92

Chives

.03

1

N/A

*

Madras

.07

N/A

7

*

Burlap

.07

N/A

18

*

Denim

.07

N/A

17

*

Flannel

.06

4

79

*

Tweed

.03

5

76

*

Canvas

.03

19

61

Satin

.18

5

116

Velvet

.07

4

177

Corduroy

.06

1

13

Acetate

.04

7

N/A

Jersey

.03

25

106

Chiffon

.02

N/A

78

*

Altar

.01

5

58

*

Parish

.03

11

41

*

Shrine

.10

7

33

*

Cathedral

.38

8

56
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Metal

32

*

Tabernacle

.05

1

5

*

Mosque

.26

10

9

Bronze

.18

11

65

Platinum

.17

4

35

Nickel

.15

7

39

Mercury

.07

10

39

Uranium

.05

6

N/A

Tungsten

.05

4

N/A

Cobalt

.03

2

5

Titanium

.04

2

N/A

Chromium

.03

4

10

Cadmium

.02

2

N/A

Magnesium

.14

N/A

8

Sodium

.09

12

4

