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Abstract We measured attentional orienting in an item-
method-directed forgetting task. Words appeared singly,
followed by an instruction to remember or forget. In Experi-
ment 1, study words appeared at center; in Experiments 2 and
3, they appeared to the left and right. In all three experiments,
there was a delay of 50 ms or 250 ms, after which a cue ap-
peared to the left or right of fixation. This was followed at a
fixed 100-ms stimulus onset asynchrony by a target in the cued
or uncued location. Attentional capture was measured by eval-
uating the speed to localize (Experiments 1 and 2) or discrim-
inate (Experiment 3) targets in cued versus uncued locations. A
subsequent yes-no recognition test confirmed a directed forget-
ting effect. Even though attention is purported to withdraw
more readily after forget instructions than after remember in-
structions, we obtained no evidence for the corollary: Attention
is not more readily captured by events that follow forget in-
structions. A forget instruction must therefore impact attention
only insofar as withdrawal is needed to instantiate the intention
to forget, without instigating a longer lasting distractibility.

Keywords Attention: Interactions withmemory . Attention
andmemory . Attention . Directed forgetting . Intentional
forgetting

Intentional forgetting occurs when top-down control mecha-
nisms are engaged to prevent the encoding and/or retrieval of

unwanted items. Whereas unintentional forgetting reflects a
failure of memory, intentional forgetting is an adaptive mech-
anism that enables control over the contents of memory (An-
derson, 2003; Anderson & Huddleston, 2012; Bjork, 1989).
When performed at encoding, intentional forgetting ensures
that limited-capacity attentional mechanisms are protected
from distraction and able to focus on goal-relevant inputs
(cf. Kuhl, Dudukovic, Kahn, & Wagner, 2007).

In the laboratory, an item-method directed forgetting task is
used to study top-down control over encoding. Participants
are presented with study items one at a time, each followed
with equal probability by an instruction to remember or forget.
Because the instruction occurs after the disappearance of each
study item (although see e.g., Paller, 1990), participants must
attend to each in turn and maintain the item representation in
working memory until the instruction is presented (Gardiner,
Gawlik, & Richardson-Klavehn, 1994; Hsieh, Hung, Tzeng,
Lee, & Cheng, 2009). If the instruction is to remember the
item, participants engage in elaborative rehearsal to commit
the item to memory. However, if the instruction is to forget the
item, participants engage active cognitive control (Cheng, Liu,
Lee, Hung, & Tzeng, 2012; Fawcett & Taylor, 2008; Lee &
Hsu, 2013; Ludowig, Möller, Bien, Münte, Elger, & Rosburg,
2010; see also Fawcett, Taylor, & Nadel, 2013a) to withdraw
attention from the item representation (Fawcett & Taylor,
2010; Taylor, 2005; Taylor & Fawcett, 2011; Thompson,
Hamm, & Taylor, 2014; see also Rizio & Dennis, 2013),
which – in the case of visually presented items – includes
not only semantic information (e.g., Lin, Kuo, Liu, Han, &
Cheng, 2013) but also information about spatial location (e.g.,
Hourihan, Goldberg, & Taylor, 2007) as well as other percep-
tual features (Lee, Lee, & Fawcett, 2013). This withdrawal of
processing resources from forget-item representations is
achieved through the activation of frontal control mechanisms
(Rizio &Dennis, 2013; van Hooff & Ford, 2011;Wylie, Foxe,
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& Taylor, 2008; Yang, Liu, Xiao, Li, Zeng, Qiu, & Zhang,
2012) that limit further covert rehearsal of the unwanted mem-
ory traces (Hourihan & Taylor, 2006), even if they do not
prevent further encoding entirely (Lee, Lee, & Tsai, 2007).
Intentional forgetting at encoding is therefore accomplished
by activating mechanisms that are analogous to (Hourihan &
Taylor, 2006) – even if not identical with (Fawcett & Taylor,
2010) – those that are engaged top-down to prevent the exe-
cution of unwanted overt motor responses (e.g., Aron, Fletch-
er, Bullmore, Sahakian, & Robbins, 2003; see Verbruggen &
Logan, 2008 for a review). As a result, forget-instructed items
receive less rehearsal than remember-instructed items (i.e.,
selective rehearsal; e.g., Basden, 1996; Basden, Basden, &
Gargano, 1993; Bjork, 1970; Johnson, 1994), such that both
the probability and the fidelity of later retrieval from long-term
memory is reduced (Fawcett, Lawrence, & Taylor, submitted;
see also Fawcett, Taylor, & Nadel, 2013a, b).

The influence of memory instruction specifically on the
probability of subsequent retrieval is revealed by a directed
forgetting effect, which is defined as better memory for
remember-instructed items (hereafter: remember items) than
for forget-instructed items (hereafter: forget items) (see Mac-
Leod, 1998, for a review). The magnitude of the directed
forgetting effect is related to cognitive load, such that the
success of instantiating instructions to forget is increased un-
der conditions of high load (Lee, 2012; Lee & Lee, 2011).
This suggests that competition for limited-capacity attentional
resources is the driving force behind the active withdrawal of
attention from forget-item representations in working memo-
ry. The reasoning is that participants are most likely to engage
in the cognitively effortful withdrawal of attention when
limited-capacity resources are under pressure and need to be
freed for other goal-relevant activity. The immediate conse-
quence of attentional withdrawal is reduced encoding of the
now task-irrelevant forget item as well as of other items pre-
sented in close temporal and/or spatial proximity (e.g.,
Fawcett & Taylor, 2008, 2012; Lee & Hsu, 2013).

Given that attention withdraws more readily following for-
get instructions than following remember instructions, our
goal was to test the corollary: that in the moments following
a forget instruction, attention is withdrawn from the item rep-
resentation and becomes momentarily free to be captured by
new events that occur in the environment. To assess this, we
measured attentional orienting to a spatially non-predictive
peripheral onset cue that followed an auditory instruction to
either remember or forget a preceding word. This kind of cue
is intended to capture exogenous attention to the cued location
(e.g., Jonides, 1981; Jonides & Yantis, 1988; Yantis &
Jonides, 1984). We elected to test the capture of exogenous
attention – rather than endogenous attention – because the
latter requires top-down processing that is likely to interact
with the top-down processing required to instantiate the mem-
ory instructions. Moreover, it is specifically exogenous

attention rather than endogenous attention that is differentially
withdrawn from forget words and remember words (Taylor &
Fawcett, 2011).

The allocation of exogenous attention is typically measured
by presenting participants with a spatially non-predictive on-
set cue in the visual periphery, followed by a visual target that
requires a speeded manual key-press response (e.g., Jonides &
Yantis, 1988; Posner, 1980; Yantis & Jonides, 1984). The
rationale is that attention enhances perceptual processing for
stimuli that appear at its locus (e.g., Hawkins, Hillyard, Luck,
Mouloua, Downing, & Woodward, 1990; Hopfinger &
Mangun, 1998, 2001). Thus, if an onset cue captures attention
despite being non-predictive of the impending target location,
this will be revealed by faster reaction times (RTs) to targets
that appear in the cued location than to targets that appear in
the uncued location. This difference in RTs to cued and
uncued targets defines a cueing effect and indexes the effec-
tiveness of the cue in capturing exogenous attention, with
larger cueing effects indicating more effective capture.

To measure attention in an item-method directed forgetting
paradigm, we presented study words one at a time. Each was
followed with equal probability by a tone that served as the
instruction to remember or forget the preceding word. Follow-
ing this memory instruction, we presented an onset cue that
appeared with equal probability to the left or right. Given that
we could not know a priori how long it might take to instan-
tiate the memory instruction and free exogenous attention for
capture, we presented this cue following either a relatively
short (50-ms) or a relatively long (250-ms) inter-stimulus in-
terval (ISI) relative to the instruction. The cue was intended to
capture exogenous attention and its effectiveness in doing so
was determined by measuring the cueing effect to the targets.
We fixed the cue-target stimulus onset asynchrony at 100 ms
to ensure that the targets were presented within a temporal
window capable of measuring exogenous attentional orienting
(e.g., Müller & Rabbitt, 1989). If attention is more readily
captured following forget instructions than following remem-
ber instructions, this will be revealed as an interaction between
memory instruction and cueing effects, with larger cueing
effects on forget trials than on remember trials.

Experiment 1

In Experiment 1, we presented study words at center to avoid
contamination of the peripheral locations by the word onset.
We used a target localization response to assess attentional
orienting because, unlike a detection task, localization does
not require the use of catch trials and, unlike a discrimination
task, localization does not impose an arbitrary stimulus–re-
sponse mapping to potentially compete with the participants'
goal of committing the remember words to memory.
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Method

Participants

Data were initially contributed by 46 undergraduate students
from Dalhousie University who participated in exchange for
credit toward an introductory psychology course. Five of these
participants were replaced with new participants because they
revealed that they had taken part in previous studies of direct-
ed forgetting and/or self-reported a failure to follow the task
instructions; none of these culled data sets were analyzed or
evaluated prior to or following replacement. The final data
were contributed by 41 of the original participants and the five
replacement participants, for a total sample size of 46. All
participants were tested individually in a session that lasted
no more than 1 h.

This research protocol was determined by the Dalhousie
Social Sciences and Research Ethics Board to comply with
the Canadian Tri-council Policy on Ethical Conduct for Re-
search with Human Participants.

Stimuli and apparatus

Stimulus presentation and response collection were controlled
by Psyscope 1.5.2 (Cohen, MacWhinney, Flatt, & Provost,
1993) running on 24-in Macintosh iMac computers equipped
with Apple Universal Serial Bus QWERTY keyboards.

A list of 320 nouns was created using the on-line version of
the MRC Psycholinguistic Database (http://websites.
psychology.uwa.edu.au/school/MRCDatabase/uwa_mrc.htm;
Coltheart, 1981; Wilson, 1988). The words on this list had a
mean Kucera-Francis (cf. Kucera & Francis, 1967) word fre-
quency of 52.26 (R = 1-787); concreteness rating of 578 (R =
500-670); familiarity rating of 552.35 (R = 501-646); 1.31 (R
= 1-3) syllables; and 4.73 (R = 3-7) letters. Prior to testing each
participant, custom software was used to randomly distribute
ten words to each of 16 study lists and 160 words to a recog-
nition foil list. This ensured a unique list composition for each
participant. Each of the 16 study lists was used in one cell of
the full experimental design, which was conceptualized as a 2
(Memory Instruction: Remember, Forget) × 2 (Instruction-
Cue ISI: Short = 50 ms, Long = 250 ms) × 2 (Cue Location:
Left, Right) × 2 (Target Location: Left, Right) within-subjects
factorial. The words on the foil list were presented only on the
final recognition test.

During the study phase, three outline black boxes were
displayed across the horizontal meridian of the computer mon-
itor; using the Psyscope tools, these were drawn with a 1-point
line and were set to 175 points wide and 100 points tall. On the
monitors used for the experiment and at a viewing distance of
57 cm, these rectangular boxes were 4.8° of visual angle wide
and 3.5° of visual angle high. The middle box was centered on

the computer monitor; the left and right boxes were separated
from the middle box by 10.4° of visual angle measured center-
to-center.

All stimuli were presented on a uniform white background.
The default Psyscope font was used for all text stimuli. Text
attributes were set to black 24-point regular face with three
exceptions: titles were presented in boldface; the recognition
instructions were presented in 16-point font; and, a fixation
stimulus consisting of black crosshairs ("+") changed to green
or red to communicate correct and incorrect target responses,
respectively. The memory instruction was a high-frequency
tone (1170 Hz) or a low-frequency tone (260 Hz) played over
both channels of Sony MDR-XD100 headphones. The cue
consisted of four colons separated by two spaces (":: ::");
the target consisted of a small letter "o" flanked by two spaces
on either side (" o "). The fixation stimulus, study words,
cues, and targets were all centered in the stimulus box in
which they were presented. Study and recognition words were
presented in all lowercase letters.

Procedure

Prior to beginning the experiment, participants received both a
verbal and written overview of the experiment and provided
written informed consent. They were then presented with tone
familiarization trials, target practice trials, study trials, and
recognition trials. Before all but the recognition trials, written
instructions were presented on the computermonitor to inform
participants of the nature of the upcoming task and to describe/
depict the trial events. In each case, participants were invited
to call the experimenter back into the room if they had any
questions; none exercised this option. Participants depressed
the space bar to proceed from the instructions to the relevant
trials. For the recognition task, instructions were not presented
on a separate splash page preceding the trials but instead
remained visible at the top of the computer monitor during
all trials.

Tone familiarization trials Prior to beginning the experimen-
tal trials, participants received ten tone familiarization trials.
For half of the participants, the high tone served as the Re-
member instruction and the low tone as the Forget instruction;
this designation was reversed for the other half of the partic-
ipants. Each of the tone familiarization trials started with a
500-ms presentation of the fixation crosshairs ("+") in the
center of an otherwise uniform white field. This fixation stim-
ulus was replaced by a 1,000-ms presentation of a written
descriptor of the memory instruction (e.g., "Low Tone – FOR-
GET"), halfway through which the relevant tone sounded for
500 ms. This was followed by a 1,000-ms inter-trial interval
(ITI) during which the computer monitor remained blank.
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Target practice trials Following the tone familiarization tri-
als, participants were given practice making speeded re-
sponses to the targets, without the concurrent task of commit-
ting words to memory. Participants were asked to rest their left
and right index fingers on the Bf^ and Bj^ keys, respectively,
and to use these keys to make spatially compatible responses
to left and right targets, as quickly and as accurately as possi-
ble. There was a total of 16 practice trials drawn randomly
from the full experimental design. These were identical to
study trials in every way except that the string "word" was
presented on every trial instead of a study item and there was
no requirement to commit this string to memory (note that
Bword^ was not an item on the word list used in the experi-
ment proper).

Study trials Following the target practice trials, participants
were instructed that the study trials would follow. They were
told that a different word would be presented on every trial,
each followed by an instruction to Remember or Forget; they
were reminded of the meaning of the high and low tones.
Participants were told that they should try to commit all of
the Remember words to memory for a later test but that they
could forget the Forget words; no mention was made of the
fact that assessing their ability to follow these instructions
would require testing subsequent recognition of both Remem-
ber words and Forget words.

As depicted in Fig. 1, each study trial started with a 2,000-
ms delay during which only the three stimulus boxes were
visible on the computer monitor. Except for the first trial, this
delay contributed to the ITI and was intended to provide a
non-distracting visual display that participants could view
while awaiting the next trial. The black fixation crosshairs
("+") then appeared in the center of the middle box for
500 ms before being replaced by a word for 400 ms, and then
reappearing for the remainder of the trial. Immediately after
the disappearance of this word, a high or a low tone was
playedwith equal probability for 400ms over the headphones.
On a random half of the trials, there was a 50-ms ISI between
the offset of the memory instruction and the onset of the cue;
on the other half of the trials this ISI was 250 ms. The cue
stimulus appeared with equal probability in the right or the left
stimulus box and remained visible for 100 ms. The target
appeared immediately afterward, at a 100-ms stimulus onset
asynchrony (SOA), and remained visible for 100 ms. Partici-
pants were required to respond to the target within 1,500 ms of
its onset. If they localized the target correctly within this time
window, the fixation stimulus changed from black to green for
500 ms; if they pressed the wrong response key, the fixation
stimulus changed from black to red for 500 ms; if they failed
to make a response with the Bf^ or Bj^ key within 1,500 ms of
target onset, the monitor cleared and a question mark ("?")
appeared in the center of the computer screen for 500 ms.

There was a total of 160 study trials, divided equally and
randomly intermixed over all 16 cells of the fully factorial
design (as described above). For the purpose of subsequent
analyses, the cue location and target location factors were
collapsed into a single factor called Cueing Condition, such
that cues and targets in the same location (i.e., Left-Left,
Right-Right) comprised the Cued condition whereas cues
and targets in different locations (i.e., Left-Right, Right-Left)
comprised the Uncued condition. Thus, our design was recast
as a 2 (Memory Instruction: Remember, Forget) × 2 (Instruc-
tion-Cue ISI: Short = 50 ms, Long = 250 ms) × 2 (Cueing
Condition: Cued, Uncued) design.

Recognition trials The recognition trials followed immedi-
ately after the last of the study trials. The title "Recognition
Memory Test" appeared at the top center of the computer
monitor and instructions were presented in the top one-third
of the computer monitor; both remained visible throughout the
trials. These instructions informed participants that they were
to try to recognize all words presented during the study trials,
regardless of the associated memory instruction. They were
instructed to press By^ (yes) to indicate words that they rec-
ognized from the study trials and Bn^ (no) to indicate words
that they did not recognize.

Test words were presented one at a time below the task
instructions. Below each recognition word was the prompt:
"Do you recognize this word? (y/n):". Keyboard strokes were
echoed to the screen; they appeared to the right of this prompt
and could be self-corrected using the backspace key until the
trial was advanced by pressing the "return" key. The 80 Re-
member words and 80 Forget words from the study trials were
intermixed randomly with 160 unstudied Foil words, for a
total of 320 recognition trials. Recognition hits were defined
as "y" responses to Remember words and Forget words; false
alarms were defined as "y" responses to Foil words.

Data analysis All data cleaning and analyses were conducted
using R Studio 0.98.1078 running R 3.1.2 (R Core Team,
2014). Various R packages were used to clean the data, in-
cluding plyr (Wickham, 2011), dplyr (Wickham & Francois,
2014), tidyr (Wickham, 2014), and stringr (Wickham, 2012).
The R package ez 4.2-2 (Lawrence, 2013) was used to calcu-
late descriptive statistics (ezStats) and within-subjects analy-
ses of variance (ezANOVA), and to create plots (ezPlot) that
were subsequently modified using ggplot2 (Wickham, 2009).

The output from ezANOVAwas used to generate a Bayes-
ian Information Criterion (BIC) approximation to Bayesian
posterior probabilities according to the method described by
Masson (2011). This was accomplished by implementing in R
the formulae contained in the spreadsheet that Masson provid-
ed as supplementary material.We will use the convention pH1
to refer to the approximated posterior probability of the alter-
native (i.e., non-zero effect) given the data and pH0 to refer to
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the approximated posterior probability of a null effect given
the data. Given that the values of pH0 and pH1 sum to 1, we
will report only the larger of the two values. In doing so, we
will apply verbal descriptors using the conventions suggested
by Raftery (1995; as cited in Masson, 2011): 0.50-0.75 =
"weak," 0.75-0.95 = "positive," 0.95-0.99 = "strong," >0.99
= "very strong." Although we interpret our results in terms of
these estimated posterior probabilities, to assist readers who
are unaccustomed to this data analytic technique, we also pro-
vide the F-test statistics and include generalized eta squared
(ges) as a measure of effect size.

In an initial pass through the data, we calculated mean
proportion Foil false alarm rates (i.e., "yes" responses) for
each participant on the recognition test. If a participant's Foil
false alarm rate exceeded the mean of all participants by more
than 2 standard deviations (SDs), the data contributed by that
participant were excluded from all subsequent analyses. We
also examined trial-by-trial target RTs on study trials and elim-
inated as errors those trials on which the incorrect response
key was pressed, on which no key press was detected, or for
which the RTwas faster than 100 ms or slower than 1,500 ms.
We removed from all analyses the data from any participant
whose average target accuracy was more than two SDs below
the mean target accuracy of all participants.

Following these exclusions, trial-by-trial data (rather than
collapsed condition means) were used to calculate descriptive

statistics (ezStats) and inferential statistics (ezANOVA) and to
plot the results (ezPlot), with the full design specified as a
parameter in the relevant ez function (see Lawrence, 2013).

Results

Three participants had average Foil false alarm rates that were
more than 2 SDs higher than the mean of all participants; data
contributed by these participants were removed from all sub-
sequent analyses. There were no data sets excluded based on
average target accuracies. The following reports the analyses
based on the remaining 43 datasets.

Recognition trials

In the recognition test, there was a mean proportion of 0.61
Byes^ responses to Remember words, 0.22 to Forget words,
and 0.07 to unstudied Foil words. A one-way ANOVA with
Word Type (Remember, Forget, Foil) as the repeated measure
revealed very strong evidence of an effect, F(2,84) = 308.56,
MSe = 0.01, p < 0.01, ges = 0.78, pH1 > 0.99. A comparison
of recognition hits on Remember and Forget trials provided
very strong support for a directed forgetting effect, F(1,42) =
249.08, MSe = 0.01, p < 0.01, ges = 0.65, pH1 > 0.99. There
was very strong evidence of more hits to Remember words
than false alarms to Foil words, F(1,42) = 411.66,MSe = 0.02,

:: :: +

o +

:: ::+

o+

o+ o +

word 400 ms

♪ 400 ms

+ 50 ms or 250 ms

2000 ms

+ 500 ms

Time

Study Trials

Cued

Uncued

Cue: 100 ms

Target: 100 ms

Fig. 1 Schematic representation of the study trials in Experiment 1. See text for a detailed description of the study phase events
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p < 0.01, ges = 0.83, pH1 > 0.99, and more hits to Forget
words than false alarms to Foil words, F(1,42) = 118.75,
MSe = 0.004, p < 0.01, ges = 0.39, pH1 > 0.99.

These data confirmed that participants used the memory
instructions during encoding to commit to memory more Re-
member words than Forget words.

Study trials

Mean RTs were calculated for correct target localization re-
sponses made within 100–1,500 ms of target onset. Across all
43 participants, only two trial RTs were excluded for being too
fast; all other exclusions were based on incorrect key presses.
The proportions of retained (correct) trials are shown in
Table 1.

Target RTs The mean RTs for correct trials are shown in
Fig. 2. These data were analyzed as a function of Memory
Instruction (Remember, Forget), Instruction-Cue ISI (Short =
50 ms, Long = 250 ms), and Cueing Condition (Cued,
Uncued). This analysis provided positive evidence against a
difference in RTs on Remember and Forget trials, F(1,42) < 1,
MSe = 3599.01, p > 0.74, ges < 0.01, pH0 = 0.86. There was
very strong evidence of faster RTs on trials with long
Instruction-Cue ISIs, compared to trials with short
Instruction-Cue ISIs, F(1,42) = 27.11, MSe = 2220.56, p <
0.01, ges = 0.02, pH1 > 0.99. This pattern is consistent with
increasing alertness due to decreasing temporal uncertainty
(see Nobre, Correa, & Coull, 2007 for a review). There was
also very strong evidence of overall faster RTs to Cued targets
(M = 459 ms) than to Uncued targets (M = 537 ms), F(1,42) =
78.76,MSe = 6210.45, p < 0.01, ges = 0.14, pH1 > 0.99. This
cueing effect demonstrates the efficacy of the onset cues in
capturing attention to the peripheral locations.

There was positive evidence against an interaction between
Memory Instruction and Instruction-Cue ISI, F(1,42) < 1,
MSe = 1899.76, p > 0.46, pH0 = 0.83. There was, however,
positive evidence in favor of the critical interaction between

Memory Instruction and Cueing Condition, F(1,42) = 9.60,
MSe = 1443.79, p < 0.01, ges < 0.01, pH1 = 0.93. But, as
shown in Fig. 2, this interaction was not in the predicted di-
rection: the cueing effect following Forget instructions (M=63
ms) was smaller – not larger – than the cueing effect following
Remember instructions (M = 93 ms). There was weak evi-
dence against an interaction between Instruction-Cue ISI and
Cueing Condition, F(1,42) = 3.77, MSe = 2521.39, p > 0.05,
ges < 0.01, pH0 = 0.51, and positive evidence against a three-
way interaction betweenMemory Instruction, Instruction-Cue
ISI, and Cueing Condition, F(1,42) < 1, MSe = 1714.26, p >
0.78, ges < 0.01, pH0 = 0.86. The lack of evidence for a three-
way interaction indicates that differences in cueing effects on
Forget and Remember trials were not influenced by the
amount of time available to process those instructions.

Target accuraciesWe applied the same analytic strategy to the
accuracy data summarized in Table 1. There was positive evi-
dence against effects of Memory Instruction, F < 1, MSe <
0.01, p > 0.98, ges < 0.01, pH0 = 0.87, and only weak evidence
for an effect of Instruction-Cue ISI,F(1,42) = 5.56,MSe < 0.01,
p < 0.03, ges = 0.01, pH1 = 0.69. There was, however, very
strong evidence in favor of an effect of Cueing Condition, F(1,
42) = 67.09, MSe = 0.02, p < 0.01, ges = 0.29, pH1 > 0.99.
Accuracy was overall higher to Cued targets (M = 0.98) than to
Uncued targets (M = 0.87). This result counters a speed-
accuracy trade-off, given that responses were both faster and
more accurate to Cued targets than to Uncued targets.

There was positive evidence against an interaction between
Memory Instruction and Instruction-Cue ISI, F(1,42) < 1,MSe
< 0.01, p > 0.59, ges < 0.01, pH0 = 0.85, and against an
interaction between Memory Instruction and Cueing Condi-
tion, F(1,42) < 1, MSe < 0.01, p > 0.96, ges < 0.01, pH0 =
0.87. There was weak evidence in favor of an interaction be-
tween Instruction-Cue ISI and Cueing Condition, F(1,42) =
3.93,MSe < 0.01, p > 0.05, ges < 0.01, pH1 = 0.51. The cueing
effect in accuracy (i.e., difference in accuracy to Cued versus
Uncued targets) was 0.13 at the long Instruction-Cue ISI and

Table 1 Mean proportions of correct target responses in Experiments 1–3, as a function of Memory Instruction (Remember, Forget), Instruction-Cue
inter-stimulus interval (Short = 50 ms, Long = 250 ms), and Cueing Condition (Cued, Uncued). The standard error of the mean is shown in parentheses

Experiment Instruction Short Long

Cued Uncued Cued Uncued

1: Central words, Localization Remember 0.98 (0.006) 0.89 (0.018) 0.98 (0.006) 0.85 (0.020)

Forget 0.99 (0.005) 0.88 (0.019) 0.98 (0.006) 0.86 (0.020)

2: Peripheral words, Localization Remember 0.98 (0.004) 0.92 (0.012) 0.98 (0.006) 0.92 (0.012)

Forget 0.99 (0.003) 0.92 (0.012) 0.99 (0.004) 0.91 (0.015)

3: Peripheral words, Discrimination Remember 0.77 (0.021) 0.71 (0.027) 0.76 (0.025) 0.72 (0.019)

Forget 0.81 (0.019) 0.75 (0.020) 0.77 (0.022) 0.71 (0.024)
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0.10 at the short ISI, countering a speed-accuracy trade-off.
There was positive evidence against a 3-way interaction be-
tween Memory Instruction, ISI, and Cueing Condition, F(1,
42) = 1.38, MSe < 0.01, p > 0.24, ges < 0.01, pH0 = 0.77.

Discussion

Performance in the yes-no recognition test provided very strong
evidence of a directed forgetting effect, confirming that partic-
ipants successfully instantiated the instructions to remember
and forget. Notably, the magnitude of the directed forgetting
effect was quite large, even when compared to other dual-task
paradigms that measured recognition memory following a
combined target task and unemotional word encoding task:
our directed forgetting effect was 0.39, which is at the high
end of our similar published studies, which vary from ~0.12-
0.40 (e.g., Fawcett & Taylor, 2008, 2010, 2012; Taylor, 2005;
Taylor & Fawcett, 2011; Thompson et al., 2014). An informal
evaluation suggests that this was due to especially effective
implementation of the forget instruction in the current

experiment: our obtained hit rate of 0.61 for remember items
was consistent with other studies from our laboratory (range
~0.46−0.74), whereas our obtained hit rate of 0.22 for forget
items was smaller than and outside of our typical range (range
~0.31−0.54). We would argue that the shorter interval between
the word and target on the study trials (needed to measure
exogenous orienting) likely made the current experiment more
difficult for our participants than otherwise similar dual-task
paradigms that presented a longer interval. Indeed, when we
examined remember and forget trial performance as a function
of word-target interval across similar dual-task studies (e.g.,
Fawcett & Taylor, 2008, 2010, 2012; Taylor, 2005; Taylor &
Fawcett, 2011; Thompson et al., 2014), we obtained an R2 =
0.02 for remember items and R2 = 0.47 for forget items (neither
of which was attributable to outliers).

Our pattern of remember and forget trial recognition per-
formance is thus consistent with the pattern across other pub-
lished studies and in support of the hypothesis that instructions
to forget are implemented most effectively when the cognitive
system is taxed (Lee & Lee, 2011; Lee, 2012). This
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observation bolsters the supposition that competition for
limited-capacity resources triggers the differential withdrawal
of attention from the representation of forget words and re-
member words. Indeed, this characterization informed our
critical question about whether instructions to remember ver-
sus forget would modulate the size of the attentional cueing
effects measured by the difference in RTs to respond to cued
and uncued targets.

Our analysis of target RTs did, in fact, provide positive
evidence of a two-way interaction between memory instruc-
tion and attentional cueing. However, this critical interaction
was in the direction opposite to that which we predicted: cue-
ing effects were smaller, not larger, following forget instruc-
tions than following remember instructions. This result was
unexpected and indicates that attentional capture was relative-
ly decreased following forget instructions in Experiment 1,
rather than increased. Positive evidence against the 3-way
interaction indicates that this pattern was relatively stable over
instruction-cue ISI. There is also no visible indication in Fig. 2
that the interaction was likely to reverse had participants been
given more time to process the memory instruction.

Although we did not anticipate the pattern of smaller cueing
effects after forget instructions than after remember instruc-
tions, one might be inclined to invoke a task-switching expla-
nation. When a forget instruction is presented, it signals the
need to cease further rehearsal of the most recently presented
item (e.g., Hourihan & Taylor, 2006), and likely prompts a
subsequent redirection of processing resources to the retrieval
and cumulative rehearsal of previously presented remember
items. When a remember instruction is presented, we would
argue that there is also a redirection of processing resources due
to a shift from maintenance rehearsal to elaborative rehearsal
and possibly also due to retrieval and cumulative rehearsal of
previously presented remember items (e.g., Rundus, 1971; see
also Fawcett & Taylor, 2008). Even so, we will allow for the
possibility that the mental shift is more marked on forget trials
than on remember trials because of the need to completely
refocus processing resources onto a different item. Granting
this assumption, the greater task-switching demands on forget
trials may be presumed to compete with the attention cue to
reduce its efficacy on forget trials relative to remember trials.

To the extent that unequal task-switching demands on re-
member and forget trials provides a reasonable framework for
explaining our data, we should be able to find evidence that
memory instructions interact with other types of task-
switching, such as that which occurs across trials. To test this
possibility, we performed a post hoc sorting of Experiment 1
trial data to determine whether each trial repeated the memory
instruction from the immediately preceding trial (Remember-
Remember, Forget-Forget) or switched (Remember-Forget,
Forget-Remember). We then included Trial Sequence (Re-
peat, Switch) as a factor in a re-analysis of the target RT data.
This analysis provided weak evidence of overall switch costs,

with slightly slower target RTs when memory instructions
switched across trials (M = 502 ms) than when they repeated
(M = 494 ms), F(1,42) = 4.52,MSe = 2821.31, p < 0.04, ges <
0.01, pH1 = 0.58. Our data provided weak evidence of larger
switch costs on Forget trials (M = 16 ms) than on Remember
trials (M = 1ms),F(1,42) = 4.03,MSe = 2584.17, p > 0.05, ges
< 0.01, pH1 = 0.52. This is consistent with the suggestion that
enacting a forget instruction includes a greater element of task
switching than does enacting a remember instruction.

Importantly, there were essentially no switch costs on Re-
member trials (1 ms), for which some degree of prior-item
retrieval and cumulative rehearsal might also have been ex-
pected (e.g., Rundus, 1971), even if to a lesser extent than on
Forget trials. In this light, the interaction between Memory
Instruction and Trial Sequence more likely reflects only the
need to withdraw processing resources and stop ongoing co-
vert rehearsal of the current-trial item following a forget in-
struction but not following a remember instruction (see also
Hourihan & Taylor, 2006; Wylie et al., 2008). In this respect,
characterizing the difference between remember and forget
instructions as a difference in task-switching demands pro-
vides no additional explanatory power over describing forget-
ting as an active cognitive process. This conclusion is
underscored by the finding that all other interactions with Trial
Sequence provided positive evidence in support of the null
hypothesis: Trial Sequence × ISI, F(1,42)<1, MSe =
2065.86, p > 0.55, ges < 0.01, pH0 = 0.85; Trial Sequence ×
Cueing Condition, F(1,42) < 1,MSe = 2408.36, p > 0.44, ges
< 0.01, pH0 = 0.83; Trial Sequence × Memory Instruction ×
ISI, F(1,42) < 1,MSe = 1629.49, p > 0.52, ges < 0.01, pH0 =
0.84; Trial Sequence × Memory Instruction × Cueing Condi-
tion, F(1,42) < 1,MSe = 2545.71, p > 0.68, ges < 0.01, pH0 =
0.86; Trial Sequence × ISI × Cueing Condition, F(1,42) < 1,
MSe = 2835.85, p > 0.84, ges < 0.01, pH0 = 0.87; and, Trial
Sequence × Memory Instruction × ISI × Cueing Condition,
F(1,42) = 1.49, MSe = 2396.39, p > 0.22, ges < 0.01, pH0 =
0.76. Given that Trial Sequence did not interact with Cueing
Condition either alone or in conjunction with Memory In-
struction, it seems unlikely that task switching provides a
comprehensive framework for interpreting the reduced cueing
effect following a forget instruction found in Experiment 1.

Before putting too much reliance on further speculation
about our unexpected pattern of smaller cueing effects on forget
trials than remember trials, we thought it prudent to ensure that
it was not an artifact of our decision to present study words at
center. Although presenting the study word at center was a
motivated feature of our design, it seems possible in retrospect
that presenting all study words at center while all cues and
targets were presented in the periphery might have compro-
mised the usual ways in which attention serves the goals of
memory. For example, participants might have elected to main-
tain a fairly diffuse spatial distribution of attention under the
assumption that this would maximize the opportunity to detect
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peripheral cues and targets, mistakenly believing that the fovea
would Btake care of itself^ (see Posner, 1980, for discussion of
this tendency). It is also possible that presenting the study
words at center prompted changes in attention other than dif-
ferential withdrawal. When words are presented at center, there
is no other location equidistant to the cue-target locations and to
which attention could retreat post-instruction while still travers-
ing the shortest path. As such, rather than withdrawing atten-
tion away from center following a forget instruction, the focus
of attention may narrow. This would make the peripheral cues
less likely to capture attention following a forget instruction
than following a remember instruction and would account for
smaller cueing effects following forget instructions than fol-
lowing remember instructions (see also the General
Discussion). These concerns suggest the importance of repli-
cating the experiment using a peripheral word presentation be-
fore drawing strong conclusions from the observed interaction
between memory instruction and cueing.

Experiment 2

In Experiment 2, the study word appeared with equal proba-
bility to the left or right of fixation. As was the case for Ex-
periment 1, the goal was to determine whether memory in-
structions interact with the cueing effect to produce a larger
cueing effect following forget instructions than following re-
member instructions.

Method

Participants

A total of 46 undergraduate students from Dalhousie Univer-
sity participated in exchange for credit toward an introductory
Psychology course. All participants were tested individually
in a session that lasted no more than 1 h.

Stimuli and apparatus

The stimuli and apparatus were identical to those used in
Experiment 1.

Procedure

The procedure was identical to Experiment 1, except that
study words were presented with equal probability in the left
or right stimulus box. The 160 study trials were thus divided
equally and randomly intermixed over all the cells of a 2
(Word Location: Left, Right) × 2 (Memory Instruction: Re-
member, Forget) × 2 (Instruction-Cue ISI: Short = 50 ms,
Long=250 ms) × 2 (Cue Location: Left, Right) × 2 (Target

Location: Left, Right) design. For the following analyses, the
study data were recast as a 2 (Memory Instruction: Remember,
Forget) × 2 (Instruction-Cue ISI: Short = 50 ms, Long = 250
ms) × 2 (Cueing Condition: Cued, Uncued) design.

The data analytic strategy was the same as described for
Experiment 1.

Results

Data contributed by three participants were removed from all
analyses due to average Foil false alarm rates that were more
than 2 SDs above the mean of all participants. There were no
data sets excluded based on average target accuracies. The
following analyses report the results from the remaining 43
data sets.

Recognition trials

On the recognition test, there was a mean proportion of 0.65
Byes^ responses to Remember words, 0.32 to Forget words,
and 0.13 to unstudied Foil words. There was very strong ev-
idence for an effect of Word Type, F(2,84) = 169.65, MSe =
0.02, p < 0.01, ges = 0.66, pH1 > 0.99. A comparison of
Remember to Forget trials provided very strong support for
a directed forgetting effect, F(1,42) = 135.29,MSe = 0.02, p <
0.01, ges = 0.48, pH1 > 0.99. There was also very strong
evidence of more hits to Remember words than false alarms
to Foil words, F(1,42) = 214.35, MSe = 0.03, p < 0.01, ges =
0.73, pH1 > 0.99, and very strong evidence of more hits to
Forget words than false alarms to Foil words, F(1,42) = 94.17,
MSe < 0.01, p < 0.01, ges = 0.33, pH1 > 0.99.

As was true for Experiment 1, this pattern of results con-
firms that participants used the Remember and Forget instruc-
tions to selectively encode the words to memory.

Study trials

The mean proportions of correct responses made within 100–
1,500 ms of target onset are summarized in Table 1. Across all
participants, only 1 trial was excluded for being too fast; all
other exclusions were due to erroneous key presses.

Target RTs The mean target RTs on correct study trials are
depicted in Fig. 3. The analysis of these data revealed weak
evidence against a difference in RTs on Forget and Remember
trials, F(1,42) = 2.81, MSe = 2198.53, p > 0.10, ges < 0.01,
pH0 = 0.62. There was very strong evidence in favor of faster
RTs on trials with long Instruction-Cue ISIs compared to trials
with short Instruction-Cue ISIs, F(1,42) = 37.06, MSe =
1132.22, p < 0.01, ges = 0.02, pH1 > 0.99. As was the case
for Experiment 1, this pattern is consistent with increasing
alertness due to decreasing temporal uncertainty (e.g., Nobre
et al., 2007). There was also very strong evidence in favor of
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overall faster RTs to Cued targets (M=492 ms) than to Uncued
targets (M = 540 ms), F(1,42) = 44.50, MSe = 4692.14, p <
0.01, ges = 0.08, pH1 > 0.99. Thus, again, the cues were
effective in capturing attention to the peripheral locations.

There was positive evidence against an interaction between
Memory Instruction and Instruction-Cue ISI, F(1,42)<1,MSe
= 1486.06, p > 0.50, ges < 0.01, pH0 = 0.84. For the critical
interaction between Memory Instruction and Cueing Condi-
tion, the pattern in Fig. 3 appeared to be in the direction
opposite that which we predicted, with smaller cueing effects
following Forget instructions (M = 43 ms) than following
Remember instructions (M = 53 ms). However, the evidence
was weakly in favor of the null hypothesis of no interaction,
F(1,42) = 2.51, MSe = 980.78, p > 0.12, ges < 0.01, pH0 =
0.65. There was positive evidence against the interaction be-
tween ISI and Cueing Condition, F(1,42) < 1,MSe = 1609.98,
p > 0.66, ges < 0.01, pH0 = 0.86, and against the 3-way
interaction between Memory Instruction, ISI, and Cueing
Condition, F(1,42) < 1, MSe = 1299.87, p > 0.97, ges <

0.01, pH0 = 0.87. Thus, there was no evidence that
Instruction-Cue ISI modulated a difference in cueing effects
on Forget and Remember trials. As was the case for Experi-
ment 1, a visual inspection of Fig. 3 provides no indication
that the pattern of cueing effects for Forget and Remember
trials was likely to reverse, had participants been given more
time to process the instruction.

Target accuracies In a similar fashion, we analyzed the ac-
curacy data summarized in Table 1. There was very strong
evidence of more accurate responses to Cued targets (M =
0.98) than to Uncued targets (M = 0.92), F(1,42) = 46.09,
MSe = 0.01, p < 0.01, ges = 0.25, pH1 > 0.99. This pattern
again counters a speed-accuracy trade-off. There was weak
evidence against the interaction between Memory Instruction
and Cueing Condition, F(1,42) = 1.59,MSe < 0.01, p > 0.21,
ges < 0.01, pH0 = 0.75, and positive evidence against all other
main effects and interactions: Memory Instruction, F(1,42) <
1,MSe < 0.01, p > 0.79, ges < 0.01, pH0 = 0.86; ISI,F(1,42) =
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1.26,MSe < 0.01, p > 0.26, ges < 0.01, pH0 = 0.78; Memory
Instruction × ISI, F(1,42) < 1, MSe < 0.01, p > 0.50, ges <
0.01, pH0 = 0.84; ISI × Cueing Condition, F(1,42) < 1,MSe <
0.01, p > 0.96, ges < 0.01, pH0 = 0.87; Memory Instruction ×
ISI × Cueing Condition, F(1,42) < 1, MSe < 0.01, p > 0.85,
ges < 0.01, pH0 = 0.87.

Discussion

The results of Experiment 2 again demonstrated that partici-
pants used the memory instructions to successfully regulate
encoding of study items into long-term memory, as evidenced
by a directed forgetting effect. The results also showed that
participants' attention was successfully captured by the periph-
eral onset cues, as evidenced by cueing effects. Although the
data pattern in Fig. 3 hints at smaller cueing effects on forget
trials than on remember trials, the analysis was against the
interaction and revealed weak evidence in support of the null
hypothesis of no interaction. Furthermore, only 19 of the 43
participants showed cueing effects in this direction (not a sig-
nificant number by a Sign Test, n + = 19, n - = 24, p > 0.54).

Even though the evidence in Experiment 2 countered an
interaction between Memory Instruction and Cueing Condi-
tion, the pattern of numerically smaller cueing effects on for-
get trials than on remember trials nevertheless prompted an
analysis of task switching. As we had done for Experiment 1,
we performed a post hoc sorting of Experiment 2 data accord-
ing to whether the memory instruction on each trial repeated
or switched relative to the preceding trial. Our results mim-
icked those of Experiment 1. Our data provided weak evi-
dence of switch costs, with average target RTs of 520 ms on
Switch trials and 512 ms on Repeat trials, F(1,42) = 4.20,MSe
= 2242.29, p < 0.05, ges < 0.01, pH1 = 0.54. Our data also
provided weak evidence of larger switch costs on Forget trials
(M = 16 ms) than on Remember trials (M = − 2 ms), F(1,42) =
5.90, MSe = 2351.93, p < 0.02, ges < 0.01, pH1 = 0.72.

As was the case for Experiment 1, we interpret the near-0
switch costs in the Remember condition as being inconsistent
with a role of prior-item retrieval and cumulative rehearsal in
the interaction between Memory Instruction and Trial Se-
quence. It seems more likely that the occurrence of switch
costs on forget trials in the context of a relative absence of
switch costs on remember trials is related to the need to with-
draw processing resources and cease covert rehearsal follow-
ing a forget instruction but not following a remember instruc-
tion (Hourihan & Taylor, 2006; Wylie et al., 2008). If so, this
interaction is reminiscent of the increased probability of suc-
cessfully stopping unwanted overt responses on forget trials
compared to remember trials (Fawcett & Taylor, 2008). Both
interactions point to the engagement of executive control dur-
ing the implementation of a forget instruction (seeWylie et al.,
2008). Even so, as was the case for Experiment 1, there is no
evidence that task switching can provide an explanatory

framework for the numerical pattern of smaller cueing effects
on Forget trials than on Remember trials.

As was also the case for Experiment 1, all other interactions
with Trial Sequence provided weak to positive evidence in
support of the null hypothesis: Trial Sequence × ISI, F(1,42)
= 2.89,MSe = 3152.22, p > 0.09, ges < 0.01, pH0 = 0.61; Trial
Sequence × Cueing Condition, F(1,42) = 1.93, MSe =
1679.67, p > 0.17, ges < 0.01, pH0 = 0.71; Trial Sequence ×
Memory Instruction × ISI, F(1,42) < 1, MSe = 1610.89, p >
0.67, ges < 0.01, pH0 = 0.86; Trial Sequence × Memory
Instruction × Cueing Condition, F(1,42) = 2.21, MSe =
2140.73, p > 0.14, ges < 0.01, pH0 = 0.69; Trial Sequence ×
ISI × Cueing Condition, F(1,42) < 1, MSe = 2445.00, p >
0.61, ges < 0.01, pH0 = 0.85; and Trial Sequence × Memory
Instruction × ISI × Cueing Condition, F(1,42) = 2.37, MSe =
1317.48, p > 0.13, ges < 0.01, pH0 = 0.67.

This analysis demonstrates that the occurrence and direction
of the critical Memory Instruction × Cueing Condition interac-
tion was not modulated by switch condition. Thus, as we con-
cluded from Experiment 1, it is unlikely that task switching
provides a theoretical foundation for understanding how mem-
ory intention and attentional capture interact to produce smaller
cueing effects on forget trials than on remember trials.

Before discussing these results at greater length, we were
motivated to perform one more test of our initial hypothesis
that memory instruction would interact with cueing condition
to produce larger cueing effects on forget trials than on re-
member trials. The target tasks in both Experiments 1 and 2
required that participants make a spatially compatible key
press to report the location of the target. Thus, cued targets
not only occurred in the same location as the cue, they also
required a response that was spatially compatible with the cue
location; conversely, uncued targets not only occurred in a
different location from the cue, they also required a response
that was spatially incompatible with the cue location. Irrele-
vant stimulus information can automatically activate a spatial-
ly compatible response code (e.g., Eimer, 1995; Eimer,
Hommel, & Prinz, 1995), providing a means by which our
spatial cues might have affected responses directly – along
with, or even independently of, attention. If so, an interaction
of memory instruction with cueing effects in Experiment 1
(positive evidence in favor) and arguably in Experiment 2
(weak evidence against) might reflect relatively reduced
responding following forget instructions rather than relatively
reduced attentional orienting. To isolate the effects of memory
instructions on attentional orienting, we thus altered the target
task in Experiment 3.

Experiment 3

Experiment 3 replicated the methods of Experiment 2, except
that we changed the target task from a spatially compatible
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manual target localization response to a choice manual dis-
crimination response. As such, the manual key-press response
to the target no longer reported the location of the target but,
instead, reported its identity (see Taylor & Donnelly, 2002).
Although we had initially been reluctant to employ a discrim-
ination response, lest the memory demands of the arbitrary
symbol-response mapping prove too challenging in the con-
text of a simultaneousmemory task, doing sowas necessary in
light of the findings of Experiments 1 and 2. The goal was to
determine whether we would reproduce the results of Exper-
iment 2 when the target required a more challenging non-
spatial manual key-press response.

Method

Participants

We initially collected data from 46 undergraduate students at
Dalhousie University who participated in exchange for credit
toward an introductory psychology course. During debriefing,
two of the original participants expressed difficulty with the
English language and so we replaced their data with those
contributed by two new participants; the culled data were nev-
er analyzed. All participants were tested individually in a ses-
sion that lasted no more than 1 h.

Stimuli and apparatus

The stimuli and apparatus were identical to those used in Ex-
periment 2 except that the target stimulus consisted of the
side-by-side presentation of the forward slash and backslash
characters, so that they converged to produce an arrowhead
that pointed up ("/\") or down ("\/").

Procedure

The procedure was identical to Experiment 2, except that an
additional factor was added to the experimental design: Target
Orientation (Up="/\", Down="\/"). Half of the participants
used the index finger of the left hand on Bf^ to report an
upward target orientation and the index finger of the right
hand on Bj^ to report a downward target orientation; these
key designations were reversed for the other half of the par-
ticipants. The 160 study trials were divided equally and ran-
domly intermixed over all the cells of a 2 (Word Location:
Left, Right) × 2 (Memory Instruction: Remember, Forget) × 2
(Instruction-Cue ISI: Short = 50 ms, Long = 250 ms) × 2 (Cue
Location: Left, Right) × 2 (Target Location: Left, Right) × 2
(Target Orientation: Up, Down) design. For the following
analyses, the data from Experiment 3 were recast to have the
same factor structure as described for Experiment 2: 2 (Mem-
ory Instruction: Remember, Forget) × 2 (Instruction-Cue ISI:

Short = 50 ms, Long = 250 ms) × 2 (Cueing Condition: Cued,
Uncued). Notably, half of all trials in each cell of this design
required a key-press response that was spatially compatible
with the location of the discrimination target and half required
a key-press response that was spatially incompatible with the
location of the discrimination target. In this way, we controlled
for any effects of target-response spatial compatibility.

Results

Data contributed by two participants were removed from the
analyses due to an average false alarm rate to Foil words that
exceeded two SDs of the mean of all participants; data con-
tributed by a third participant were removed due to an average
target accuracy that was less than 2 SDs of the mean of all
participants. The following analyses report the results from the
43 remaining data sets.

Recognition trials There was a mean proportion of 0.61
Byes^ responses to Remember words, 0.30 to Forget words,
and 0.10 to unstudied Foil words. There was very strong ev-
idence for an effect of Word Type, F(2,84) = 211.97, MSe =
0.01, p < 0.01, ges = 0.72, pH1 > 0.99. There was very strong
evidence of a directed forgetting effect, as revealed by a com-
parison of Remember trials to Forget trials, F(1,42) = 135.76,
MSe = 0.01, p < 0.01, ges = 0.52, pH1 > 0.99. There was also
very strong evidence of more hits to Remember words than
false alarms to Foil words, F(1,42) = 294.80,MSe = 0.02, p <
0.01, ges = 0.79, pH1 > 0.99, and very strong evidence of
more hits to Forget words than false alarms to Foil words,
F(1,42) = 142.18, MSe = 0.01, p < 0.01, ges = 0.46, pH1 >
0.99.

These results again demonstrate that participants used the
Remember and Forget instructions to exert control over
encoding of words into long-term memory.

Study trials The proportions of correct responses madewithin
100–1,500 ms of target onset are summarized in Table 1.
Across all participants a total of only four trials were removed
from the analysis due to RTs that were too fast; all other ex-
cluded trials reflected incorrect key presses.

Target RTs The mean RTs on correct trials are shown in
Fig. 4. An analysis of these data revealed only weak evidence
of faster RTs on Forget trials (M = 707 ms) than on Remember
trials (M = 722 ms), F(1,42) = 4.06,MSe = 3957.94, p > 0.05,
ges < 0.01, pH1 = 0.53. There was positive evidence against
an effect of ISI, F(1,42) < 1, MSe = 4499.96, p > 0.78, ges <
0.01, pH0 = 0.86, likely due to dissipation of alerting effects
by the time the discrimination responses were executed. Nev-
ertheless, there was positive evidence for an effect of Cueing
Condition, F(1,42) = 8.06, MSe = 6844.68, p < 0.01, ges < =
0.01, pH1 = 0.87. This can be seen in Fig. 4 as overall faster
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RTs to Cued targets (M = 700 ms) than to Uncued targets (M =
729 ms).

There was weak evidence against an interaction between
Memory Instruction and Instruction-Cue ISI, F(1,42) = 1.86,
MSe = 3503.50, p > 0.18, ges < 0.01, pH0 = 0.72. And,
importantly, there was positive evidence against the critical
interaction between Memory Instruction and Cueing Condi-
tion, F(1,42) < 1,MSe = 3079.26, p > 0.35, ges < 0.01, pH0 =
0.81; the numerically larger cueing effect on Forget trials (M =
33 ms) than on Remember trials (M = 25 ms) was not strong
enough to drive an overall interaction. And, there was positive
evidence against the interaction of Instruction-Cue ISI and
Cueing Condition, F(1,42) < 1, MSe = 3237.40, p > 0.76,
ges < 0.01, pH0 = 0.86, as well as against the 3-way interac-
tion that is intimated in Fig. 4, F(1,42) < 1,MSe = 4045.51, p
> 0.88, ges < 0.01, pH0 = 0.87. Thus, there was evidence that
the cues were effective in capturing attention to the peripheral
locations, but no compelling evidence that the magnitude of

the cueing effects on Forget and Remember trials differed
under any circumstances tested.

Target accuracies The mean proportions of trials on which a
correct key press was made within the specified time window
are shown in Table 1. There was weak evidence against an
effect of Memory Instruction on target accuracies, F(1,42) =
3.07,MSe = 0.01, p > 0.08, ges = 0.01, pH0 = 0.59, and weak
evidence against an effect of Instruction-Cue ISI, F(1,42) =
2.46,MSe = 0.01, p > 0.11, ges < 0.01, pH0 = 0.66. There was,
however, very strong evidence in favor of an effect of Cueing
Condition on the accuracy of discriminating target identities,
F(1,42) = 23.85,MSe = 0.01, p < 0.01, ges = 0.04, pH1 > 0.99.
Countering a speed-accuracy trade-off, this effect was due to
higher accuracies for responses made to Cued targets (M =
0.78) than to Uncued targets (M = 0.72). Thus, responses were
both faster and more accurate to Cued targets than to Uncued
targets.
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Fig. 4 RTs from the study trials of Experiment 3. The top panel depicts
possible trial events following a study word to the left; note that in the
experiment, study words appeared equally often to the left and right.
Participants responded to the targets in Experiment 3 by indicating
whether the single target presented on each trial pointed up or down
(both types of target are depicted simultaneusly in this figure). The
bottom panel shows the mean correct RTs (ms) to discriminate the target

as a function of memory instruction (Remember, Forget) and Cueing
Condition (Cued, Uncued), separated according to whether the inter-
stimulus interval between the Memory Instruction and Cue was relatively
Short (50 ms, left panel) or Long (250 ms, right panel). To facilitate visual
post-hoc comparisons, the error bars represent Fisher's Least Significant
Difference on the three-way interaction; non-overlapping bars can be
interpreted as being significantly different
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There was positive evidence of an interaction between
Memory Instruction and Instruction-Cue ISI, F(1,42) = 6.28,
MSe = 0.01, p < 0.02, ges < 0.01, pH1 = 0.75. This stems from
the fact that target accuracies on Remember trials were equiv-
alent at the short and long ISIs (bothMs = 0.74) but that target
accuracies on Forget trials were a little higher at the short ISI
(M = 0.78) than at the long ISI (M = 0.75). Because responses
on Forget trials tended to be both slower and more accurate at
the short ISIs than at the long ISIs, this finding hints at a
potential speed-accuracy trade-off. However, the evidence
from the target RT analysis was weakly against an interaction
between Memory Instruction and Instruction-Cue ISI. Thus,
any additional care that participants might have taken to en-
sure accuracy of their Forget trial responses was not enough to
provoke a reliable change in RT. There was positive evidence
against all other interactions: Memory Instruction × Cueing
Condition, F(1,42) < 1,MSe = 0.01, p > 0.52, ges < 0.01, pH0
= 0.84; Instruction-Cue ISI × Cueing Condition, F(1,42) < 1,
MSe = 0.01, p > 0.73, ges < 0.01, pH0 = 0.86; and, the 3-way
interaction of Memory Instruction × Instruction-Cue ISI ×
Cueing Condition, F(1,42) < 1, MSe = 0.01, p > 0.78, ges <
0.01, pH0 = 0.86.

Discussion

As was true for Experiments 1 and 2, the analysis of the
recognition data provided very strong evidence of a directed
forgetting effect, suggesting that participants were able to use
the memory instructions to exert top-down control over
encoding. The increased difficulty of the identity discrimina-
tion task compared to the localization tasks of Experiments 1
and 2 was demonstrated by both the longer overall RTs
(compare Fig. 4 to Figs. 2 and 3) and by the overall reduced
target accuracies (see Table 1). However, performance on the
memory task did not seem to suffer as a result of having to do
the more difficult target task at the same time as studying
words for the later memory test; the overall hit and false alarm
rates were comparable across all three experiments. Indeed, if
we correct for different rates of guessing by subtracting the
Foil false alarms for each experiment from the corresponding
Remember and Forget trial recognition hit rates (see Lockhart,
2000), the corrected hit rates across Experiments 1–3, respec-
tively, were: 0.54, 0.51, and 0.51 for Remember words and
0.15, 0.19, and 0.20 for Forget words. Given that compliance
with Forget instructions tends to improve with increased de-
mands on limited-capacity resources, the comparability of
Forget trial performance across Experiments 2 and 3 argues
that the arbitrary symbol-response mapping required for the
target discrimination did not increase capacity demands be-
yond those needed to perform target localization. Thus, de-
spite our initial reservations, the arbitrary symbol-response

mapping of the discrimination task did not appear to alter
overall memory task performance.

In Experiment 3, there continued to be a very strong and
robust cueing effect, with faster and more accurate responses
to cued targets than to uncued targets. This demonstrates that
the effectiveness of the cues was undiminished by the more
difficult target task and underscores the ability of our discrim-
ination targets to measure the impact of those cues on atten-
tion. Numerically, the magnitude of the observed cueing ef-
fects appeared to differ in the predicted direction, with larger
overall cueing effects following Forget instructions (M = 33
ms) than following Remember instructions (M = 25ms). Even
so, the evidence was antithetical to this conclusion by virtue of
being positively supportive of the null hypothesis. Consider
this result in context: Experiment 1 provided positive evidence
of a difference in the opposite direction to that which we
predicted; Experiment 2 provided weak evidence in support
of the null hypothesis of no difference; and, Experiment 3
provided positive evidence in support of the null hypothesis
of no difference. Whatever the reason for the discrepant pat-
terns across experiment, none of the three experiments offered
compelling support for our original hypothesis. Our conclu-
sion thus seems clear: contrary to our initial supposition, at-
tention is not captured more readily following instructions to
forget than following instructions to remember.

General discussion

An instruction to intentionally forget initiates a cognitively ef-
fortful (Cheng et al., 2012; Fawcett & Taylor, 2008; Fawcett
et al., 2013a; Lee & Hsu, 2013) attempt to prohibit further
unwanted rehearsal (Hourihan&Taylor, 2006), through a with-
drawal of attentional resources (Fawcett & Taylor, 2010;
Fawcett & Taylor, 2012; Taylor, 2005; Taylor & Fawcett,
2011) from the representation of the unwanted item – including
its location (Hourihan et al., 2007). In this way, forget items
receive less elaboration than remember items and are therefore
later remembered with a lower probability and with poorer
fidelity (Fawcett et al., submitted), thus accounting for the ob-
served directed forgetting effect in recognition memory. Our
question was whether the tendency for attention to withdraw
more readily following forget instructions than following re-
member instructions results in a greater susceptibility to capture
and distraction by task-irrelevant changes in the visual environ-
ment that occur shortly thereafter.

Across three experiments, we demonstrated robust directed
forgetting effects, testifying to the efficacy of our instructions
in encouraging control over encoding mechanisms. We also
consistently observed robust cueing effects during the study
trials, establishing the ability of our onset cues to capture
attention even though they themselves required no response
and were non-predictive of the location or identity of the
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subsequent target (see also Jonides, 1981; Jonides & Yantis,
1988; Yantis & Jonides, 1984). Whereas we expected that
cueing effects might be larger following forget instructions
than following remember instructions, Experiment 1 provided
positive evidence that the cueing effects were, in fact, smaller
following forget instructions than following remember in-
structions. Experiment 2 showed a data pattern that was nu-
merically in the same direction as in Experiment 1, but weakly
supportive of the null hypothesis of no difference. The results
of Experiment 3 directly countered an interaction of memory
instruction and cueing effects by providing positive evidence
in support of the null hypothesis.

Notwithstanding the different pattern of results across exper-
iments, the findings are conclusive: the purported withdrawal
of attention from forget-item processing does not make atten-
tion more vulnerable to subsequent capture in the early inter-
vals following the instruction. This conclusion is important
because it demonstrates that attention operates in the service
of memory without necessarily being subject to downstream
effects as a result of this involvement. Whereas attention with-
draws from forget items to limit their further processing and –
in so doing – reduces processing of other information presented
in close temporal and/or spatial proximity (Fawcett & Taylor,
2008; Fawcett & Taylor, 2012; Lee & Hsu, 2013), there is no
evidence provided in this study that instantiating a memory
instruction sets the stage for an increased susceptibility to dis-
traction by subsequent onset events that capture attention auto-
matically. If anything, attention was less subject to distraction
by subsequent events that followed a forget instruction rather
than a remember instruction – but only when study words were
presented centrally. This surprising finding contradicts our orig-
inal hypothesis but nevertheless hints at a potential influence of
study word location in determining whether and how the im-
plementation of a memory instruction at encoding affects sub-
sequent attentional capture.

The influence of study word location

Experiments 1 and 2 differed only in the placement of the
study word. As such, to determine whether study word loca-
tion modulated the interaction between memory instruction
and attentional cueing, we re-analyzed the data from Experi-
ments 1 and 2 with Experiment as a between-subjects factor.
This analysis demonstrated weak evidence in favor of an in-
teraction of Experiment with Memory Instruction and Cueing
Condition,F(1,84) = 5.46,MSe = 740.41, p < 0.03, ges < 0.01,
pH1 = 0.62. This finding supports the conclusion that Exper-
iment 2 did, in fact, produce a different result than Experiment
1 on the critical interaction, consistent with our interim con-
clusions. When words were presented centrally in Experiment
1, the magnitude of cueing effects differed as a function of
memory instruction – but in a direction opposite that which we
predicted. In contrast, when words were presented

peripherally in Experiment 2, there was no evidence to sup-
port a difference in cueing effects as a function of memory
instruction, despite a numerical pattern that appeared similar
to Experiment 1. The argument is thus that memory instruc-
tion interacts with attentional cueing (even if in the direction
opposite our prediction) when study items are presented at
center but not when they are presented peripherally. To further
confirm this, we compared the results of Experiment 1 (central
study words) to the combined data from Experiments 2 and 3
(peripheral study words), with Study Word Location (Central,
Peripheral) as a between-subjects factor. This analysis provid-
ed positive evidence that the critical interaction between
Memory Instruction and Cue Condition differed according
to Study Word Location, F(1,127) = 8.93, MSe = 1274.35, p
< 0.01, ges < 0.01, pH1 = 0.88.

If one were to assume that participants adopted an atten-
tional control setting that placed the study words in the prima-
ry focus of attention, it would follow that peripheral cues and
targets were more likely to be outside of this primary atten-
tional focus in Experiment 1 than in Experiments 2 and 3.
Under this view, positive evidence of smaller cueing effects
following instructions to forget than following instructions to
remember in Experiment 1 but not in Experiments 2 and 3
could reflect the modulation of attentional control settings
(e.g., Ishigami, Hamm, Satel, & Klein, 2012). The reasoning
is that an instruction to forget a centrally presented word alters
the attentional control setting for the experiment, such that the
primary attentional focus encompasses less of the visual pe-
riphery. This makes attention less vulnerable to capture by
peripheral cues. If so, intentional forgetting might not neces-
sarily trigger attentional withdrawal, but attentional
narrowing to thus interact with the attentional control setting
that is established by the central word presentation. As we
have already noted, when study words are presented centrally,
there is no suitable place to which attention could withdraw
and still be equidistant to both potential target locations while
also traversing the shortest path; as such, it seems reasonable
that attentional narrowing might be employed as a means of
restricting further processing of forget-instructed study items.

The notion that attention is focused on the central location
to the relative exclusion of the peripheral locations in Exper-
iment 1 but not in Experiment 2 (which was otherwise iden-
tical) appears, at first blush, to be at odds with the overall
pattern of target RTs. If participants adopted an attentional
control setting that narrowed the focus of attention on central-
ly presented study words to the relative exclusion of the more
peripheral locations (i.e., with even greater narrowing follow-
ing a forget instruction), one might expect this to be evinced as
overall longer target RTs in Experiment 1 compared to Exper-
iment 2. However, the RTs were overall shorter in Experiment
1 than in Experiment 2 and also shorter for both cued and
uncued targets. One interpretation is that these data are incon-
sistent with an interaction of memory instruction with an
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attentional control setting that filters peripheral locations dur-
ing central word presentation. However, it is also possible that
the overall RTs are not a good index of the attentional control
setting, due to differences in the oculomotor states across the
two experiments. In Experiment 1, the central presentation of
study words might have resulted in a more quiescent oculo-
motor state than the peripheral presentation of study words in
Experiment 2, independent of any effects on attentional con-
trol setting. As a result, the peripheral target onset might have
encouraged a greater tendency to fixation in Experiment 2
than in Experiment 1, thus rendering a direct comparison of
overall RTs a poor proxy for inferring attentional control set-
tings. This means that a postulated interaction of memory
instruction with attentional control settings (rather than with
attention per se) remains a viable post hoc explanation for the
smaller cueing effects that were obtained following forget in-
structions than following remember instructions in Experi-
ment 1 only. This seems a hypothesis worthy of future
investigation.

The influence of target task

Experiments 2 and 3 differed only in the nature of the target
task. In neither experiment was there evidence to support the
critical interaction ofmemory instruction and cueing – despite a
numerical data pattern in Experiment 2 that seemed to echo that
of Experiment 1. When we re-analyzed the data from Experi-
ments 2 and 3 with Experiment as a between-subjects factor,
weak evidence in favor of the null hypothesis was consistent
with our interim conclusion that these experiments produced
similar results on the critical interaction, F(1,84) = 2.29,MSe =
1447.36, p > 0.13, pH0 = 0.74. This finding argues that target
task is not a critical determinant of whether and how attentional
cueing effects are modulated by memory instruction.

This null result is important because it converges with recent
evidence that argues against an influence of memory instruc-
tion on the automatic activation of a spatially compatible re-
sponse code by the cue (see Thompson et al., 2014; Thompson
& Taylor, 2015). Indeed, if a forget instruction had weakened
spatial code activation by the cue onset (e.g., Taylor & Fawcett,
2011), this would have been evident in subsequent target RTs
any time a localization response was required, such as used in
Experiment 1 (for which there was evidence of smaller cueing
effects following forget instructions than remember instruc-
tions) and in Experiment 2 (for which there was a numerical
pattern but no support for smaller cueing effects following for-
get instructions than remember instructions).

To provide further argument against the notion that target
localization was critical to finding an effect of memory in-
struction on attentional cueing, we repeated our analysis of
the Experiment 3 target RTs using only those trials that re-
quired a key-press response that happened to be spatially com-
patible with the location of the target (e.g., Bf^ to discriminate

a target on the left and Bj^ to discriminate a target on the right).
If a forget instruction decreases the automatic activation of a
spatial code relative to a remember instruction, then subse-
quent responses to targets in the cued location versus uncued
location should reveal this influence in the restricted analysis,
viz. smaller cueing effects on forget trials than on remember
trials (to correspond with the results of the Experiment 1
localization task and the numerical pattern of interaction in
the localization task of Experiment 2). This prediction was
not borne out in our data. When we considered only target
discrimination trials that required a spatially compatible re-
sponse to identify the target orientation, the data provided
positive evidence in favor of the null hypothesis of no inter-
action between Memory Instruction and Cueing Condition,
F(1,42) < 1, MSe = 1976.80, p > 0.91, ges < 0.01, pH0 =
0.87. This finding provides further evidence against an effect
of memory instruction on spatial code activation by the cue
(see also Thompson et al., 2014) and argues against target task
being an important determinant of whether and how memory
intentions formed at encoding interact with subsequent atten-
tional capture.

Effects of attentional capture on intentional forgetting

The preceding analyses provide some tantalizing post hoc ev-
idence that study word location might be a key variable in
determining whether and how attentional cueing effects are
influenced by memory intentions. Nevertheless, the fact re-
mains that any such changes in attention by a memory instruc-
tion were in a direction opposite that which we had predicted.
This led us to one final consideration. Rather than memory
intention modulating attentional capture as we have presumed,
perhaps attentional capture modulates the success of the mem-
ory intention. To the extent that spatial location forms part of
the stored memory representation for peripherally presented
study words (see Hourihan et al., 2007), it might be reasonable
to presume that the capture of attention to the location of a
studied word bolsters the encoding of that item – fortifying
an intention to remember and subverting an intention to forget.

To test this, we determined whether attentional capture fol-
lowing a peripheral study word influenced the success of sub-
sequent recognition. Performing separate analyses on the data
from Experiments 2 and 3 (which both presented peripheral
study words and thus included spatial information in the word
representation), we examined the proportion of recognition
hits as a function of study conditions – Memory Instruction
(Remember, Forget), Word-Cue Location (Same, Different),
and Cueing Condition (Cued, Uncued). The data from both
experiments provided positive evidence against an effect of
Word-Cue Location, against an effect of Cueing Condition,
and against all interactions that included these factors, all Fs <
1, all pH0 > 0.80. This counters the suggestion that attention
might have influenced the instantiation of the memory
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instruction, rather than vice versa. Thus, in general, memory
instruction does not reliably determine vulnerability of atten-
tion to capture by subsequent events and – conversely – the
capture of attention by subsequent events does not dictate the
outcome of the memory intention.

Conclusion

Attention operates in the service of memory to remove
limited-capacity processing resources from further processing
of unwanted forget items (e.g., Taylor, 2005; Taylor &
Fawcett, 2011; Wylie et al., 2008) as well as from other items
presented in close spatial and/or temporal proximity (e.g.,
Fawcett & Taylor, 2008; Fawcett & Taylor, 2012; Lee &
Hsu, 2013). The results of the current investigation demon-
strate that the removal of attention from a forget item repre-
sentation is a time-limited operation linked directly to the
memory intention formed at encoding; it does not result in a
longer-term change in the vulnerability of attentional re-
sources to capture by subsequent events. Indeed, the results
of all three experiments converged on the conclusion that our
original hypothesis was wrong: the removal of attention from
a forget-item representation does not make attention more
vulnerable to capture by subsequent events that occur shortly
thereafter.

This finding represents an important constraint on the in-
fluence that memory intentions have on the allocation of at-
tentional resources. Instantiating intentions to remember and
forget marshals support from the attentional system to ensure
that limited-capacity resources are directed to the rehearsal of
remember-instructed items, not wasted on needless rehearsal
of forget-instructed items. Our results suggest that the alloca-
tion of attentional resources according to encoding strategies
is under fine control: the intention to remember or forget in-
fluences only the immediate allocation of attentional re-
sources. Indeed, even after a very short delay following the
disappearance of a memory instruction (i.e., the 50 ms
instruction-cue ISI), visual attention is responsive to visual
onset events. Accordingly, despite the effortful nature of in-
tentional forgetting (Cheng et al., 2012; Lee & Hsu, 2013;
Ludowig et al., 2010; Fawcett & Taylor, 2008; Fawcett
et al., 2013a), attention remains alert to transient changes in
the environment. The only exception seems to be when atten-
tional control settings are used to limit the active monitoring
of peripheral visual locations. In this instance, instructions to
forget may cause a narrowing of attention that interacts with
the control setting to reduce the responsiveness of the atten-
tional system to visual transients. Although these conclusions
are not what we anticipated from the start, they do speak to the
critical role that attention plays in striking a balance between
the need to maintain focused goal-directed activity and the

need to monitor the environment for sudden changes that
might demand reprioritization of this activity.
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