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Abstract

Despite the substantial evidence highlighting the role of selective rehearsal in item-method directed forgetting, recent work has
suggested that forgetting may occur as a function of an active inhibitory mechanism that is more effortful than elaborative rehearsal
processes. In the present work, we test this hypothesis by implementing a double-item presentation within the item-method directed
forgetting paradigm. Participants studied two unrelated items at a time. Some words were followed by the same cue, and participants
were instructed to remember or forget both items (pure condition). On other trials, participants were to remember one but forget the
other word (mixed condition). Selective rehearsal and inhibition accounts make distinct predictions regarding memory performance
in the double-item presentation. In Experiment 1, we compared recognition performance in the pure and mixed conditions, while in
Experiment 2, we included a neutral baseline condition to further distinguish between the selective rehearsal and inhibition accounts.
Contrary to the inhibition account but consistent with selective rehearsal, we found for both remember and forget items that
recognition was greater in the mixed than in the pure condition. Recognition for forget items also did not differ from neutral items.
We conclude that selective rehearsal, not inhibition, is responsible for item-method directed forgetting.

Keywords Item-method directed forgetting - Selective rehearsal - Double presentation - Attentional inhibition

Introduction 1989; Quinlan & Taylor, 2014; Thompson, Fawcett, & Taylor,

2011; for reviews, see Basden & Basden, 1998; Bjork, 1998;

The essential role of forgetting is often overshadowed by the
negative consequences associated with the inability to remem-
ber something. However, forgetting outdated or traumatic in-
formation is crucial for cognitive efficiency (Bjork, Bjork, &
Anderson, 1998). One method developed to study intentional
forgetting in the laboratory is the item-method paradigm. In
this procedure, each item on the study list is followed by a cue
to remember (R) or forget (F) (Geiselman, 1974; MacLeod,
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MacLeod, 1998). The standard finding is that memory is bet-
ter for R compared to F items, a directed forgetting effect.
Directed forgetting has been demonstrated across multiple
memory paradigms using a variety of stimuli (Ahmad, Tan,
& Hockley, 2019; Ensor, Bancroft, & Hockley, 2019;
Hauswald & Kissler, 2008; MacLeod, 1975; Quinlan,
Taylor, & Fawcett, 2010).

According to the selective rehearsal account of directed
forgetting (Bjork, 1972; MacLeod, 1975), participants use
maintenance rehearsal to keep items in working memory until
presentation of the R or F cue. If an R cue is presented, par-
ticipants engage in elaborative rehearsal to transfer the item to
long-term memory; if an F cue is presented, participants cease
rehearsal and allow the item to decay. Therefore, according to
this account, remembering is cognitively demanding, but for-
getting is passive.

In contrast to the passive view of forgetting inherent in the
selective rehearsal account, recent research using a wide vari-
ety of paradigms suggests that forgetting is an active, cogni-
tively demanding process (Anderson, 2003; Anderson &
Hanslmayr, 2014; Anderson & Levy, 2009; Bjork, 1989;
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Bjork, 2007). According to the inhibition account of directed
forgetting (see, e.g., Basden & Basden, 1998; Basden,
Basden, & Gargano, 1993; Bjork, 1989; Geiselman &
Bagheri, 1985; Weiner & Reed, 1969), an active, inhibitory
mechanism is deployed to purge F items from memory.

The selective rehearsal and inhibition accounts, then, differ
on whether forgetting is passive or effortful. In one study,
Fawcett and Taylor (2008) had subjects respond to visual-
detection probes during the study phase of an item-based di-
rected-forgetting experiment. Interestingly, response times to
the probes were slower following F cues than following R
cues, suggesting that the cognitive demands of forgetting
exceeded those of remembering (for similar findings, see
Fawecett & Taylor, 2010, 2012; Taylor, 2005).

In the present study, we used a novel variant of the item-
method paradigm to investigate the cognitive demands of re-
membering and forgetting. Rather than presenting participants
with one word at a time (as in the standard item-method par-
adigm), we presented unrelated word pairs. Word pairs were
followed by two R cues (the “pure R” condition), two F cues
(the “pure F” condition), or one R cue and one F cue (the
“mixed” condition). Critically, the selective-rehearsal and in-
hibition accounts make divergent predictions for this
paradigm.

Assume participants have a limited “number” of cognitive
resources, C. When a cognitive task’s demands exceed C,
performance on the task, or a secondary task, suffers. Let Cx
denote the resources required to remember an item following
an R cue, and let Cr denote the resources required to forget an
item following an F cue. Then, 2Cy resources are required on
apure-R trial, 2Crresources are required on a pure-F trial, and
Cr+Cr-resources are required on a mixed trial. The cognitive
resources consumed by the mixed condition will necessarily
be the mean of the cognitive resources consumed by the two
pure trials (i.e., Cxg+Cr = (2Cr+2Cr)/2). The critical question,
then, is whether Cr > Cr or Cr > Cj; this is the question on
which the selective rehearsal/inhibition debate hinges.

The selective rehearsal and inhibition accounts assign dif-
ferent values to Cy and Cp, leading to different predictions.
First, consider the selective rehearsal account, in which re-
membering is effortful and forgetting is passive. Here, 0 <
Cr- < Cp, with forgetting assumed to be passive and requiring
few to no resources. Therefore, the resources required for a
pure R trial exceed those required for a mixed trial, which
exceed those required for a pure F trial (i.e., 2Cr > Cx+Cr >
2Cy). Performance, then, should be better on mixed R items
than pure R items, since the cognitive load is lighter on mixed
trials than pure R trials. Since Cris close to 0, performance on
F items should be unaffected by the secondary task (i.e., for-
getting another item or remembering another item).

In the inhibition account, forgetting is more effortful than
remembering (Fawcett & Taylor, 2008), so 0 < Cy < Cp= Here,
pure F trials impose a heavier cognitive load than mixed trials,
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which impose a heavier load than pure R trials (i.e., 2Cr >
Cr+Cr > 2Cp). This is consistent with Fawcett and Taylor’s
finding that response times were longer during an F cue than
an R cue. In the present study, the “secondary” task is either
remembering another item or forgetting another item, and per-
formance on both tasks (i.e., remembering/forgetting) should
decline as the secondary task’s cognitive demands increase. In
other words, forgetting should be less successful when the
secondary task is forgetting rather than remembering (because
Cr > Cp), and remembering should be less successful when
the secondary task is forgetting. Therefore, the inhibition ac-
count predicts better memory for pure F items than mixed F
items and better memory for pure R items than mixed R items.

Experiment 1

Method

Participants Data from 52 undergraduate students were col-
lected based on an a priori power analysis with a desired
power of .80 (x = .05) to detect a Cohen’s d of 0.3. We
conservatively estimated the directed forgetting effect in our
mixed cue condition would be half the size of the standard
item-method directed forgetting effect (Ahmad et al., 2019;
Fawcett & Taylor, 2008). Participants received course credit
as compensation. All participants reported no previous partic-
ipation in other directed-forgetting studies, normal to
corrected-to-normal vision, and fluency in English. Three par-
ticipants were excluded for not following experimental in-
structions. Two participants were excluded due to their failure
to perform above-chance on the recognition test.

Materials Stimuli were 200 words from the MRC
Psycholinguistic Database (Coltheart, 1981) with familiarity,
concreteness, and imageability values between 400 and 600.
Kucera-Francis written frequencies ranged from 11 to 220
(Kucera & Francis, 1967).

Procedure

Study phase Each trial began with a 1-s fixation in the center
of the screen. Immediately following fixation offset, two
words appeared for 4 s, with one above and one below fixa-
tion. After word-pair offset, R/F cues appeared in the same
location as the words for 3 s. On pure R trials, both cues were
Rs; on pure F trials, both cues were Fs; and on mixed trials,
one cue was an R and the other was an F. On half the mixed
trials, R appeared above and F appeared below fixation. On
the other half, F appeared above and R appeared below (Fig.
1). The study phase began following a brief practice phase that
familiarized participants with the procedure. The study phase
consisted of 48 word-pair critical trials (evenly divided among
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Fig. 1 Schematic representation of a single study-phase trial for the (a)
pure R condition, (b) pure F condition, (¢) mixed condition, where the R
cue was presented above the fixation stimulus and the F cue was

the four trial types: RR, FF, RF, FR), two primary buffers, and
two recency buffers. We programmed custom software on
Matlab to randomly assign a total of 96 single study words
to each of our conditions from the master word list of 200
words. We performed this randomization to generate unique
stimulus combinations across conditions and participants.
These randomizations were programmed according to the in-
structions provided by Taylor, Quinlan, and Vullings (2018).
Participants were told that only R items would be tested. They
were informed that two words will appear on the screen at the
same time but were never explicitly told to make associations.

Test phase Immediately following the study phase, the experi-
menter provided on-screen and verbal instructions for complet-
ing an old/new recognition test. Participants were instructed that,
contrary to what they were told during the study phase, both R
and F items would be tested. The test phase consisted of 192
items: the 96 study phase items and 96 distractors. Participants
studied old items in pairs, but at test, each item from the study

¥ RUBBER
+
CROWD
+
+

GOWN

FERRY

presented below, and (d) mixed condition, where the F cue was presented
above the fixation stimulus and the R cue was presented below

were tested individually. For each probe, participants pressed the
Z key if they thought it was “old” and the / key otherwise.

Results and discussion

Corrected recognition scores (hit rate minus false alarm rate)
are shown in Table 1. The mean false-alarm rate (FAR) was

Table 1 Mean corrected recognition scores (hit rate minus false alarm
rate) for the remember and forget items in pure and mixed conditions for
Experiments 1 and 2

Experiment  Cue condition Remember  Forget Neutral
1 Mixed 47 (.03) 27(.02) -
Pure 41 (.03) 22(.02) -
2 Mixed 49 (.03) 26(.02) -
Pure 43 (.03) 2102) -
Neutral - - 23 (.02)

Note. Standard error appears in parenthesis
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0.16. A 2 (cue: R vs. F) x 2 (trial type: pure vs. mixed)
repeated-measures analysis of variance (ANOVA) on
corrected recognition scores produced a main effect of cue,
F(1, 46) = 17.41, p < .001, nzp = .274, demonstrating the
expected directed-forgetting effect. The main effect of trial
type was also significant, F(1, 46) = 117.44, p < .001, nzp =
.719, with better memory in the mixed condition than the pure
condition. The interaction was not significant (F' < 1).

Planned paired-samples ¢ tests compared performance on R
and F items as a function of trial type. Mixed R performance
(M = .47, SE = .03) was higher than pure R performance (M =
41, SE = .03), #((46) = 3.09, p = .003, d = 0.45. Mixed F
performance (M = .27, SE = .02) was also higher than pure
F performance (M = .22, SE =.02), #(46) =2.37, p=.022,d =
0.35. A parallel set of mixed-effects logistic regression analy-
ses demonstrated a qualitatively similar pattern of results.

Results from Experiment 1 were consistent with the selec-
tive rehearsal account. According to this account, remember-
ing is effortful but forgetting is passive. As predicted, perfor-
mance on mixed R items exceeded performance on pure R
items, since rehearsing two items should use more resources
than rehearsing one item while forgetting a second. This find-
ing is inconsistent with inhibition, in which forgetting is more
effortful than remembering. Because mixed trials should im-
pose a greater cognitive load than pure R trials, the inhibition
account predicts that pure R performance should be greater
than mixed R performance.

F-item performance was inconsistent with inhibition, ac-
cording to which forgetting should be more successful when
accompanied by remembering than when accompanied by for-
getting (i.e., memory for pure F items should exceed memory
for mixed F items). We found the opposite pattern such that
memory for mixed F items was greater than for pure F items.

The results of Experiment 1 are inconsistent with the inhibi-
tion account posited by Fawcett and Taylor (2008). An assump-
tion of that account is that Cr > Cy — that is, forgetting is more
effortful than remembering. However, is this assumption neces-
sary for inhibition? One can certainly conceive of an inhibition
model in which Cg = Cr or Cg > Cr Such a framework would
still assume the presence of an active inhibitory mechanism, in
contrast to the selective rehearsal account, in which forgetting is
passive. Experiment 2 was designed to provide a more general
test of inhibition in item-method directed forgetting. In
Experiment 2, we replicated the basic methods of Experiment 1
but added a neutral condition that served as a baseline memory
measure. On neutral trials, following study of the word pair,
participants advanced directly to the next trial, without the 3-s
cue presentation (Fig. 2). Participants were instructed to not at-
tend to the items (e.g., “‘do nothing”) on neutral trials.

According to the selective rehearsal account, the neutral
condition should act much like standard forget conditions:
Participants are not afforded the 3-s cue for elaborative re-
hearsal, so the neutral items can benefit only from relatively
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Fig.2 Schematic representation of a single study-phase trial in the neutral
condition, where the 3-s cue presentation was removed and the next trial
immediately began following word presentation

shallow maintenance rehearsal. According to the inhibition
account, however, neutral items should be better remembered
than F items. This is because, without the 3-s cue, there is no
time for the inhibitory mechanisms to be deployed. Without
inhibition deployment, active forgetting cannot occur.

Experiment 2
Method

Participants Fifty-one undergraduates from Queen’s
University participated in exchange for course credit. Data
from three participants were excluded due to their failure to
perform above-chance on the recognition test and one partic-
ipant was excluded for not following instructions.

Materials and procedure With the addition of the neutral con-
dition, the study phase now included 60 trials (12 RR, 12 FF,
12 RF, 12 FR, and 12 neutral trials). The procedure remained
identical to Experiment 1, with the exception that participants
were instructed to not attend to neutral trials (e.g., “do noth-
ing”). The test phase included 240 words, with 120 study
items and 120 distractors.

Results and discussion

Corrected recognition scores are shown in Table 1. The mean
FAR was 0.17. A one-way repeated-measures ANOVA was
performed on stimulus type (pure R, pure F, mixed R, mixed
F, and neutral). The omnibus test was significant, (4, 184) =
52.61, p <.001, ‘r]zp =.534. Both pure R (M = .43, SE = .03)
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and mixed R performance (M = .49, SE = .03) were higher
than neutral performance (M = .23, SE = .02), F(1, 46) =
49.25, p < .001, nzp =.517 and F(1, 46) = 87.36, p < .001,
nzp =.655, respectively. Neither pure F (M = .21, SE = .02) nor
mixed F performance (M = .26, SE = .02) differed from neutral
performance (Fs < 1.35).

To observe whether we replicated our findings from
Experiment 1, we also conducted a 2 (cue: R vs. F) x 2 (trial:
pure vs. mixed) repeated-measures ANOVA. There was a
main effect of cue, F(1, 46) = 13.12, p < .001, %, = .222,
demonstrating a directed-forgetting effect. The main effect of
trial type was significant, F(1, 46) = 108.18, p < .001, nzp =
.702, with higher performance for mixed items than pure
items. The interaction was not significant (/' < 1). Paired-
samples 7 tests showed that mixed R performance was signif-
icantly higher than pure R performance, #(46) =2.87, p = .006,
d = 0.42, and mixed F performance was higher than pure F
performance, #(46) =2.39, p =.021, d = 0.35. A parallel set of
mixed-effects logistic regression analyses demonstrated a
qualitatively similar pattern of results.

Experiment 2 replicated the results of Experiment 1 and
were again consistent with the selective rehearsal account
and inconsistent with inhibition. Critically, the finding that
neither pure F nor mixed F performance differed from the
neutral condition further ruled out the role of an active inhib-
itory mechanism. If this mechanism is deployed upon instruc-
tions to forget, then any reasonably effective inhibitory mech-
anism should drive F performance below neutral. That is,
compared to a neutral condition in which individuals are
instructed to ignore an item, providing individuals 3 s to forget
an item proved ineffective, suggesting that individuals were
not able to implement an inhibitory mechanism. Furthermore,
the finding of better memory for pure R and mixed R items
compared to the neutral items also converged on the conclu-
sion that selective rehearsal provides the best account of our
findings.

General discussion

In the present study, we used a novel variant of the item-
method paradigm to investigate the viability of the selective
rehearsal and inhibition accounts. During the study phase,
participants saw word pairs rather than single items, and these
word pairs were followed by pure cues (RR or FF) or mixed
cues (RF or FR). At test, memory for single words was tested
using old/new recognition. In Experiment 1, we demonstrated
that memory for mixed R items was better than for pure R
items, and that memory for mixed F items was better than for
pure F items. Both of these findings are at odds with the view
that forgetting is more effortful than remembering (Fawcett &
Taylor, 2008). Such a finding, however, is consistent with the
passive view of forgetting posited by the selective rehearsal

account. Experiment 2 replicated the results of Experiment 1
and additionally showed that both pure F and mixed F item
performance did not differ from neutral item memory. This
further supported the view that there was no inhibitory process
being implemented to facilitate forgetting.

Across several studies, Fawcett and Taylor (2008, 2010,
2012) demonstrated that performance on a secondary task is
better following an R cue than an F cue. For example, re-
sponse times to visual-detection probes were longer during F
trials than R trials. Our results are inconsistent with this view:
If forgetting is more effortful than remembering, then remem-
bering two R items (2Cy) should consume fewer cognitive
resources than remembering one item while actively forget-
ting the other (Cr+Cr). We also observed the opposite pattern
predicted by an inhibition account for F performance. The
inhibition account predicts better memory for pure F than
mixed F items because pure F trials impose a heavier cognitive
load than mixed trials. Finally, the finding in Experiment 2
that F item performance did not differ from neutral item per-
formance rules out more general inhibition accounts.

How can our results be reconciled with Fawcett and
Taylor's (2008, 2010, 2012) behavioral data? One possibility
is that their results reflect a task-switching effect rather than an
inhibition effect. During item presentations, subjects are
thought to engage in maintenance rehearsal until presentation
of the R or F cue. When an R cue is presented, subjects con-
tinue encoding processes; conversely, when an F item is pre-
sented, subjects end rehearsal and, presumably, switch their
attention to previously encoded items. This task switch may
be sufficiently demanding to increase response times to a sec-
ondary task during cue presentation.

Our results support the selective rehearsal account. In both
experiments, mixed R words were better recognized than pure
R words, consistent with the view that remembering is more
effortful than forgetting. Recall that, if remembering is more
effortful, then remembering two R items (2Cz) will consume
more cognitive resources than remembering one item and for-
getting another (Cz+Cr), thereby diminishing performance.
Notice, as well, that equivalent performance for F and neutral
items is also consistent with selective rehearsal: In the selec-
tive rehearsal account, forgetting is passive, and recognition of
F items stems entirely from the initial maintenance rehearsal
used to maintain the item in working memory until the instruc-
tion cue is presented. If an F cue is presented, rehearsal stops.
Under this framework, then, F and neutral items would receive
the same degree of encoding, and thus should be recognized at
the same rate.

Our findings on the differential resource depletion by R and
F items are supported by Popov, Marevic, Rummel, & Reder,
(2019). They applied a formal mathematical model of re-
source depletion (Popov & Reder, 2019) to examine a novel
directed-forgetting after-effect. Their findings revealed that
memory for a studied item (regardless of whether it was R
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or F item) was worse if the preceding study item was R rather
than F and that the effect is cumulative; the more R items were
in a row; the worse memory was for the subsequent item. In
both experiments, Popov et al. demonstrated the directed for-
getting after-effects were not attenuated even when partici-
pants were instructed to perform concurrent suppression and
divided attention tasks within an item-method directed forget-
ting paradigm. Their results purport a similar conclusion to
our findings where R items deplete more resources than F
items, leaving fewer resources to process additional items.

While our finding of better memory for mixed F items than
pure F items is inconsistent with the inhibition account, we
also acknowledge that it is not directly consistent with the
selective rehearsal account. One potential explanation is that,
during the maintenance rehearsal phase (i.e., after pair onset
but before cue presentation), subjects associate the two words
with each other. Then, when they are given an RF or FR
instruction, the elaborative rehearsal of the R item involves
some inadvertent rehearsal of the F item, owing to their asso-
ciation. Still another potential explanation involves context.
Since the R and F items are presented simultaneously, they
are presented within the same context. Then, even if subjects
cease rehearsal of the F item, its association with the context it
shares with the R item slightly boosts its memorability.' Note
that, to explain the advantage for mixed F over pure F items,
these explanations need only apply to a small subset of mixed
trials. Clearly, although mixed F items were better recognized
than pure F items, they were still recognized at a much lower
rate than R items.

Our findings revealed selective rehearsal as the core pro-
cess underlying item-method directed forgetting, and cast
doubt on the inhibition account. We should note that, although
we are skeptical of the role of inhibition in item-method di-
rected forgetting, we do not, here, take a position on inhibition
in other memory paradigms (Anderson, 2003). For example,
list-method directed forgetting has often been attributed to
inhibition (Basden & Basden, 1998; Basden et al., 1993;
also cf. MacLeod, Dodd, Sheard, Wilson, & Bibi, 2003;
Sahakyan & Kelley, 2002); our results neither shed light on
nor do we take a position on the viability of this account.
Instead, our results confirm that selective rehearsal, not inhi-
bition, drives item-method directed forgetting.
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