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Abstract
Intentional forgetting of unwanted items is effortful, yet directed forgetting seems to improve when a secondary task is
performed. According to the cognitive load hypothesis of directed forgetting, allocating attentional resources to another task
improves forgetting by restricting unwanted encoding of to-be-forgotten (TBF) items. Alternatively, it might be that
anything that makes studying more difficult will encourage greater effort to perform the task well and therefore lead to
improved intentional forgetting. To assess these proposals we imposed data-processing limitations on study words in an
item-method directed forgetting paradigm. Across six experiments, the perceptual quality of study words was manipulated
by varying: (1) the duration of study word presentation (Experiments 1–4); (2) the contrast of the displayed word against its
visual background (Experiment 5); or (3) the amount of visual background noise on which the word was presented
(Experiment 6). In Experiments 4–6, a lexical decision task corroborated the difficulty of study word processing. Despite
evidence that relatively low visual contrast and relatively high visual background noise, in particular, create challenging
conditions, we found no evidence that perceptual quality impacts the magnitude of the directed forgetting effect. This work
suggests that data limitations have no discernible effect on forgetting and corroborate that only attentional resource limi-
tations improve directed forgetting.
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Introduction

In contrast to unintentional forgetting, intentional forget-
ting at encoding involves the purposeful selection of some
items for further processing and the exclusion of other items
(see Anderson & Hanslmayr, 2014, for a review). The par-
adigm used to elicit this encoding control is referred to as an
item-method directed forgetting task and involves present-
ing participants with study items, one at a time, each
followed by an instruction to Remember or Forget (see
MacLeod, 1998, for a review). After the presentation of
all study items, memory is assessed for both to-be-
remembered (TBR) and to-be-forgotten (TBF) items. A

directed forgetting effect is defined as better memory for
TBR items than TBF items.

Because the study item disappears before the memory in-
struction is presented (although see Paller, 1990), participants
must attend to that item and maintain its representation in
working memory (e.g., Gardiner, Gawlik, & Richardson-
Klavehn, 1994; Hsieh, Hung, Tzeng, Lee, & Cheng, 2009;
Paz-Caballero, Menor, & Jiménez, 2004) until the memory
instruction is presented. If the instruction designates the item
as TBR, participants engage in elaborative rehearsal (e.g.,
Hsieh et al., 2009), relying on semantic relational processing
(e.g., Montagliani, & Hockley, 2019) to commit the item to
long-term memory. If the instruction designates the item as
TBF, participants withdraw attention from the representation
of that item (e.g., Taylor, 2005; Taylor & Fawcett, 2011;
Thompson, Hamm, & Taylor, 2014; Thompson & Taylor,
2015; see also Lee, 2018), as well as from any other items that
occur in close temporal and/or spatial proximity (Fawcett &
Taylor, 2008, 2012; Lee & Hsu, 2012). This withdrawal of
processing resources likely serves to limit – even if not to
abolish completely (Lee, Lee, & Tsai, 2007; see also
Bancroft, Hockley, & Farquhar, 2013) – further unwanted
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rehearsal of the TBF item (e.g., Hourihan & Taylor, 2006;
Jing, Qi, Gao, & Zhang, 2019). In this way, TBR items receive
more rehearsal than TBF items, producing the directed forget-
ting effect.

Even though selective rehearsal of TBR items is ul-
timately responsible for the directed forgetting effect
(or, at least, primarily responsible: see Marevic &
Rummel, 2020), directed forgetting is fostered by the
removal of processing resources from TBF items. This
was first demonstrated by Fawcett and Taylor (2008) in
a study that embedded visual probe stimuli at varying
intervals before and after the memory instructions in an
item-method task. Fawcett and Taylor showed that reac-
tion times (RTs) to detect these probes were initially
longer when participants were instructed to Forget rath-
er than to Remember. After ruling out alternative expla-
nations, they concluded that trying to intentionally for-
get is initially more effortful than trying to remember
(see also Cheng, Liu, Lee, Hung, & Tzeng, 2012;
Fawcett, Taylor, & Nadel, 2013a; although see Tan,
Ensor, Hockley, Harrison, & Wilson, 2020), consistent
with an initial boost in TBF item processing (Wang,
Placek, & Lewis-Peacock, 2019).

The effort needed to implement an instruction to forget
likely reflects the active recruitment of frontal control
mechanisms (e.g., Bastin et al., 2012; Rizio & Dennis,
2013; van Hooff & Ford, 2011; Wylie, Foxe, & Taylor,
2008; Xie, Chen, Lin, Hu, & Zhang, 2020) to withdraw
processing resources from the TBF item representation
(e.g., see Taylor, 2005; Taylor & Fawcett, 2011;
Thompson et al., 2014; Thompson & Taylor, 2015). This
serves to stop ongoing covert rehearsal of the TBF item
(e.g., Hourihan & Taylor, 2006), in a manner that is sim-
ilar – even if not identical (Fawcett & Taylor, 2010) – to
the way in which executive control mechanisms are en-
gaged to stop unwanted overt behaviour (e.g., Aron,
Fletcher, Bullmore, Sahakian, & Robbins, 2003; Aron,
Robbins, & Poldrack, 2004; Aron & Poldrack, 2006).
Stopping unwanted TBF item rehearsal is therefore de-
manding of limited-capacity attentional resources in the
short term but ultimately serves to release these attentional
resources in the longer term (Popov, Marevic, Rummel, &
Reder, 2019; Taylor, 2018), presumably for further TBR
item processing and rehearsal (e.g., Rubinfeld, Taylor, &
Hamm, 2019; Scholz & Dutke, 2019; Taylor & Hamm,
2016).

A cognitive load theory of directed forgetting

A complete failure to recall or recognize TBF items (along
with perfect memory for TBR items) may be regarded as ideal
performance in a directed forgetting task. In fact, ideal

performance for TBF items does not occur, suggesting that
some TBF items are encoded (see Bancroft et al., 2013;
Hockley, Ahmad, & Nicholson, 2016; Lee et al., 2007) and
can be retrieved (e.g., Marevic & Rummel, 2020) – despite
being represented in a weaker trace (Thompson, Fawcett, &
Taylor, 2011) and with lower fidelity than TBR items
(Fawcett, Lawrence, & Taylor, 2016; see also Ahmad, Tan,
& Hockley, 2019; Fawcett et al., 2013a; Fawcett, Taylor,
Nadel, 2013b). Indeed, an instruction to intentionally forget
leads to greater recognition than no instruction at all (Gao,
Cao, Zhang, Qi, Li, & Li, 2016; Gao, Qi, & Zhang, 2019;
Zwissler, Schindler, Fischer, Plewnia, & Kissler, 2015).

Accordingly, Lee (2012; see also Lee & Lee, 2011; Lee
et al., 2007) argued that a cognitively demanding secondary
task should consume the limited capacity attentional
resources that would otherwise be available to engage in un-
wanted processing of TBF items (see also Benoni, 2018). The
outcome should be less TBF item encoding – and, therefore,
enhanced directed forgetting effects – under conditions of
high cognitive load rather than low cognitive load. A handful
of findings support this idea. When the memory instruction in
an item-method task is presented along with a two-digit num-
ber that participants must use to initiate counting aloud back-
wards during a long post-instruction interval, directed forget-
ting is better when compared to a control task (Lee & Lee,
2011). Likewise, directed forgetting effects are larger when
measured in a task that requires ongoing rehearsal of TBR
items than when measured in a naming task where TBR items
are read aloud without commitment to memory (Lee, 2012).
Finally, participants show larger directed forgetting effects in
the context of a relatively long list of TBR items, rather than a
relatively short list (Lee, 2012), due presumably to the greater
demands that the longer list places on limited-capacity atten-
tional resources during cumulative rehearsal of TBR items.
These findings point to enhanced directed forgetting effects
in the context of greater load on cognitive control.

In light of these data, Lee and colleagues (Lee, 2012; Lee&
Lee, 2011) proposed a cognitive load hypothesis of directed
forgetting, which assumes that directed forgetting may be
derailed, ironically, by concentrated efforts to forget (e.g.,
see Wegner, 1994). Accordingly, an intention to forget is
necessary but not sufficient for ideal levels of directed for-
getting. Instead, successful directed forgetting further re-
quires that cognitive resources (e.g., attention) be occupied
elsewhere (e.g., on another task) to such an extent that they
are unavailable for unwanted automatic TBF item process-
ing. Although this cognitive load hypothesis of directed
forgetting does not have to account for the full TBR–TBF
difference, it does help explain why memory performance
for TBF items is often better than zero, with recognition hit
rates that exceed the false alarm rate to unstudied foils (e.g.,
Davis & Okada, 1971).
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Relating Lee’s cognitive load theory to Lavie’s load
theory

While Lee’s cognitive load account of directed forgetting has
enjoyed some success, a key problem with this account of
directed forgetting is that it does not quite fit within the broad
framework of load theory (e.g., Lavie, 2005, 2010; Lavie,
Hirst, de Fockert, & Viding, 2004).1 Load theory was origi-
nally proposed as a way to integrate two distinct empirical
findings in the literature on distractor interference in attention.
First, increasing cognitive load (e.g., working memory chal-
lenges) generally increases distractor processing, presumably
by disrupting distractor suppression and/or target prioritiza-
tion. If pigeonholing TBF and TBR items during encoding
requires cognitive control akin to maintaining the difference
between task-irrelevant and task-relevant information (e.g.,
Lavie, 2005), or if intentionally forgetting demands more ef-
fort than intentionally remembering (e.g., Cheng et al., 2012;
Fawcett & Taylor, 2008; Fawcett et al., 2013a; Gao et al.,
2016), then load theory would generally predict more frequent
failures to forget (i.e., smaller directed forgetting effects) un-
der conditions that are more resource demanding, not larger
directed forgetting effects as posited by Lee’s cognitive load
hypothesis of directed forgetting.

The second empirical finding that motivated load theory
concerns the effects of perceptual load on performance
(Lavie, 2010). In distractor tasks, perceptual load can be in-
creased by increasing the number of stimuli in a display or by
changing the task (e.g., Murphy, Groeger, & Greene, 2016).
Perceptual load can also be increased by varying the degree to
which distractors appear similar to targets (Lavie, 2005): a

high degree of visual similarity makes it difficult
to distinguish a target from distractors. Increasing perceptual
load decreases distractor processing by engaging full at-
tentional resources on targets. For this reason, in outlining
their cognitive load hypothesis of directed forgetting, Lee
and Lee (2011) drew comparisons with the known effects
of perceptual load stating that “[e]ven though participants
did not voluntarily rehearse the [TB]F items after receiv-
ing the memory cue, they could not stop processing the
[TB]F items at the long post-cue interval without simul-
taneously performing a secondary task. This is analogous
to the view that perceptual load determines the selective
processing of irrelevant information (e.g., Lavie, 2005)”
(p. 625). Lee (2012) made a similar claim, arguing that
“[t]he cognitive load hypothesis is also similar to the view
that perceptual load determines the selective processing of
irrelevant information (Lavie, 2005)” (p. 1119). In other
words, Lee’s cognitive load hypothesis of directed forget-
ting argues that increased cognitive load in a directed
forgetting task has effects on attentional resources and
item/distractor processing that are akin to known effects
of increased perceptual load.

Cognitive load or task difficulty?

Given the uncomfortable fit between Lee’s (2012) cognitive
load hypothesis of directed forgetting and load theory more
broadly, it seems worthwhile to consider an alternative expla-
nation for their (Lee & Lee, 2011; Lee, 2012) empirical find-
ings: improved forgetting in an item-method directed forget-
ting task might simply reflect the increased effort needed to
process items in a difficult task context. According to this task
difficulty hypothesis, focusing on another aspect of the task –
one that does not necessarily tap into attentional resources – is
sufficient to disrupt encoding and rehearsal of TBF items. The
more effort put into a task, the more forgetting of TBF items
that will take place.

To evaluate the merits of the task difficulty hypothesis versus
the cognitive load hypothesis of directed forgetting, it is neces-
sary to dissociate task difficulty from cognitive load. To this end,
we draw on a critical distinction, highlighted by Norman and
Bobrow (1975), between processing limitations that are deter-
mined by the availability of mental resources and those that are
determined by the quality of the data input. Resource processing
limitations are those that are reached as greater mental resources
(e.g., attention) are applied to complex tasks, whereas data
limitations are tied directly to the quality of the stimulus.
Deploying additional resources (e.g., attention) can occur and
is subjectively effortful under both conditions; however, the
recruitment of additional resources is expected to improve per-
formance when resources are otherwise limited, but not neces-
sarily when data quality is limited. To understand the latter
point, consider the cognitive efforts of an amateur astronomer

1 Lavie’s experimental approach to demonstrate the attentional effects of per-
ceptual load has come under scrutiny (e.g., Benoni & Tsal, 2010; Tsal &
Benoni, 2010; Wilson, Muroi, &MacLeod, 2011). In a typical perceptual load
manipulation (e.g., Lavie & de Fockert, 2003; Lavie, 2005), a target letter is
presented amongst perceptually similar (and varied) neutral distractors.
Perceptual load is manipulated by varying the set size of the search array
(i.e., greater perceptual load implies more distractor items in the search array).
A larger (and quite salient) distractor is presented just next to the search array
and is either the same (congruent) or different (incongruent) letter as the target.
The congruency difference measures interference. Interference is often smaller
as perceptual load increases. Proponents of the dilution account suggest that
the reduction of interference from the larger (salient) distractor letter is not due
to perceptual load per se, but rather due to the dilution of the interference effect
from the salient distractor by the neutral distractors in the search array. Adding
to the issue, others (e.g., Gaspelin, Ruthruff, & Jung, 2014) have argued that
some of the effects attributed to load or dilution may be due to the improper
allocation of attention to the salient distractor (attentional “slippage”). Load
theory, dilution, and “slippage” accounts are laden with processing assump-
tions that ought not to be disregarded (see, e.g., Cave & Chen, 2016; Murphy,
Groeger, &Greene, 2016). These methodological considerations are important
and ultimately will propel the field toward a better understanding of the fun-
damental mechanisms of attention. Although this is an important debate, it is
outside the scope of the current paper as it is difficult to imagine how some of
the nuances explicitly apply to directed forgetting. Accordingly, we will focus
on the theoretical aspects of load theory rather than the empirical foundations.
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attempting to identify a specific crater (e.g., the Plato crater) on a
dimly lit moon that is obscured by clouds. The task of identify-
ing the crater is likely to feel difficult and will prompt concen-
trated effort. However, this effort matters little because the data
are of poor quality and/or because the perceptual system is in-
capable of overcoming this poor-quality input.

The cognitive load hypothesis of directed forgetting and the
alternative task difficulty hypothesis predict the same effects
on directed forgetting when task difficulty is defined by re-
source limitations. However, as summarised in Table 1, these
accounts make different predictions when task difficulty is
defined by data processing limitations. According to the cog-
nitive load hypothesis of directed forgetting, resource limita-
tions should reduce unwanted TBF item processing (improve
forgetting) and thereby increase the directed forgetting effect.
The corollary is that directed forgetting effects should not be
influenced by changes in attention that accompany data-pro-
cessing limitations. If anything, increased attentional deploy-
ment during study item processing would be expected to
increase attention to the study item and potentially hinder
attempts to intentionally forget. In contrast, according to the
task difficulty hypothesis, it does not matter whether the task
requires divided attention (i.e., splitting attentional resources)
or whether the perceptual processing is made more difficult
(i.e., data-processing limitations): it is the increased effort
needed to perform the task that naturally leads to greater (or

more frequent) withdrawal of attention from TBF items and
thus to better forgetting.

Current study

In Experiments 1–4, we operationalised processing diffi-
culty by varying study word duration: 75 ms (Difficult),
300 ms (Moderate), and 1,200 (Easy); in Experiment 5 by
varying the relative contrast of the displayed greyscale font
against a white background: light grey (Difficult), mid-
range grey (Moderate), and black (Easy); and, in
Experiment 6, by varying the level of background noise
upon which a black study word was superimposed: high
noise (Difficult), moderate noise (Moderate), and no noise
(Easy). In each case, these data limitations were expected to
make study word processing more difficult.

Experiment 1: Blocked word durations

In different blocks of trials, study words were presented for
75 ms (Difficult), 300 ms (Moderate), or 1,200 ms (Easy).
This manipulation is reminiscent of a study reported by
Hockley, Ahmad, and Nicholson (2016) that presented study
items for 1,000 ms or 2,000 ms, followed immediately by an
instruction to remember or forget – thereby manipulating the

Table 1 Theoretical accounts of attentional capacity and their predictions as applied to data-limited processing in directed forgetting tasks

Theoretical account Presumed mechanisms and their predictions

Lavie’s Perceptual and
Cognitive Loads*

(e.g., Lavie & de Fockert, 2003)

1. Mechanism: Increasing perceptual load reduces attentional resources available for processing task-irrelevant
items. However, degrading the perceptual features of a task-relevant item (a data-limitation) may lead to greater
allocation of (potentially ineffective) attentional resources to process perceptually weaker task-relevant items. In
most circumstances, without the concurrent recruitment of attentional resources, this will have no impact on the
processing of task-irrelevant processing.

2. Mechanism: Increasing the load on cognitive control processes impairs the ability to properly allocate attentional
resources to task-relevant processing and away from task-irrelevant processing. The implication is that
task-irrelevant processes have a greater opportunity to influence performance.

Lee’s Cognitive Load
(e.g., Lee, 2012)

Mechanism: Despite explicit instructions to forget TBF items, some are processed to an extent that they can be
retrieved later. Increasing cognitive load in a directed forgetting task is (oddly enough) akin to increasing the
perceptual load in an attention task because it removes attentional resources from the task that normally limits
unwanted automatic processing of task-irrelevant items.

Prediction (Previously Confirmed): Increasing demands on the cognitive system (an attentional resource limitation)
will improve forgetting.

Corollary Prediction (New): Increasing the demands on the perceptual system by degrading stimulus input (a data
limitation) during encoding will not improve forgetting. However, it may lead to impaired forgetting if there is a
greater allocation of attentional resources during the study phase in an attempt to improve perceptual identification
of study items.

Task Difficulty Mechanism: Increasing the difficulty of the task (perceptual or otherwise) imposes data limitations and recruits
greater attentional resources to process task-relevant information and to filter out task-irrelevant information.

Prediction: Increasing any processing demands, whether it be on the perceptual or cognitive system, will lead to
greater effort to perform the task (e.g., to suppress TBF items) and therefore improve forgetting.

*Load theory, as originally posed by Lavie (2005), was intended to account for ways in which task-irrelevant information can be filtered or attenuated in
attention tasks. It was never intended to make predictions for the literature on directed forgetting. We have included a consideration of one facet of
Lavie’s load theory here as it provides the foundation, and the inspiration, for the cognitive load account proposed by Lee (2011).
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time available to process the study item in the pre-instruction
interval. Whereas Hockley et al. reported overall poorer rec-
ognition at the shorter study item duration than at the longer
duration, they reported no interaction with directed
forgetting.2

On this basis, it might seem probable that our manipulation
of study word duration would likewise fail to produce an
interaction with directed forgetting. However, even aside from
the value of independent replication, further shortening of the
study word duration is needed to create conditions that chal-
lenge word processing. The shortest duration used byHockley
et al. (1,000 ms) is nearer our longest duration (1,200 ms),
defined by us as the Easy processing condition because the
cascade of neural processing needed to read an isolated word
should have more than enough time to be executed in full
(e.g., Hauk, Davis, Ford, Pulvermüller, & Marslen-Wilson,
2006). To the extent that any additional time is therefore used
for maintenance rehearsal, Hockley et al.’s (2016) comparison
of 1,000-ms and 2,000-ms study word durations was, in effect,
a manipulation of maintenance rehearsal duration, rather than
a manipulation of processing difficulty. Thus, our goal was to
test even shorter word durations than used by Hockley et al.
(2016), with the express intention of manipulating the diffi-
culty of initial study word processing per se and not simply the
time available to maintain the representation of already-
processed study items.

Method

Participants

An initial 36 students from Dalhousie University were recruit-
ed in exchange for psychology course credit. One of these
participants was replaced with a new recruit after reporting
previous experience in a directed forgetting task, contrary to
a recruitment criterion. All participants were tested individu-
ally in an experimental session that lasted approximately 1 h.
The Dalhousie University Social Sciences Research Ethics
Board granted ethical approval of this project (i.e., all exper-
iments mentioned herein). All volunteers gave written in-
formed consent prior to data collection.

Stimuli and apparatus

The experiment was conducted on iMac computers running
PsyScope (cf. Cohen, MacWhinney, Flatt, & Provost, 1993).
All text stimuli were presented in black on a uniform white
field. A plus sign ("+") served as the fixation stimulus on study
trials; a string of seven Rs ("RRRRRRR") served as the

instruction to Remember; a string of seven Fs ("FFFFFFF")
served as the instruction to Forget.

A pool of 587 nouns was downloaded from the online
MRC Psycholinguistics database (Coltheart, 1981; Wilson,
1988); a total of 288 nouns was selected randomly for use in
this experiment. The selected words averaged 4.78 letters (R =
3–7) and 1.37 syllables (R = 1–3) in length, with an overall
concreteness rating of 579.93 (R = 500–662), a familiarity
rating of 550.22 (R = 500–644), and Kučera-Francis word
frequency rating of 60.45 (R = 1–1207). Prior to collecting
data from each participant, custom software was used to first
randomise these words and then divide them into six lists of
24 study words each and one list of 144 foil words. The six
study lists were assigned to the factorial combination of study
word duration (75 ms, 300 ms, 1,200 ms) and memory in-
struction (TBR, TBF); the foil list was presented only in the
recognition test. This randomization and list assignment was
performed anew for every participant.

Procedure

Participants received both verbal and written instructions
telling them that they would be presented with three blocks
of study trials followed by a memory test at the very end.
They were told that within each block of study trials, words
would appear one at a time for a relatively long, medium, or
short duration, each followed by an instruction to
Remember ("RRRRRRR") or an instruction to Forget
("FFFFFFF"). They were asked to commit the TBR words
to memory for a subsequent test but to endeavour to forget
the TBF words. Nothing more was said about the memory
test except that instructions for this test would follow later
in the experiment. Study word duration was blocked and
the order was counterbalanced across participants, such that
there were six participants run in each of the six ( = 3!)
possible orders.

Study blocks Each study block started with a written descrip-
tion that indicated the relative duration of the study words. As
shown in Fig. 1, at the start of each trial, the fixation stimulus
("+") was presented alone in the centre of the computer mon-
itor for 800 ms before being replaced by the study word,
printed in all lowercase letters. Participants were presented
with the word for 75 ms, 300 ms, or 1,200 ms, according to
the block condition. The computer monitor was cleared and
remained blank for 1,000 ms. The memory instruction then
appeared in the centre of the computer monitor for 400 ms.
After this, the monitor was cleared and remained blank for
the remainder of the trial. Total trial duration was fixed at
5,000 ms. In keeping with typical studies of memory, this
ensured a constant pace for study item presentation across
trials (i.e., one word every 5 s). However, it did mean that
the post-instruction interval necessarily varied with study

2 A similar finding was reported byWoodward, Bjork, and Jongeward (1973),
but is more difficult to interpret because recognition performance was
conditionalized on prior recall of each TBR and TBF word.
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word duration. We recognised that this issue would need to
be addressed (see Experiment 4) but reasoned that the in-
verse relation between study word processing time and
post-instruction processifng time worked in concert to cre-
ate a strong test of the hypothesis that directed forgetting
effects would be largest on the trials with the shortest study
word processing times.

Recognition test Following the last trial of the third study
block, participants were instructed that they would be present-
ed with test words, one at a time. If they recognised a test word

from the earlier study trials, they were to press the “Y” key on
the computer keyboard (for "yes"); if not, they were to press
the “N” key (for “no”). The instructions emphasised that it
did not matter whether a recognised word had been desig-
nated TBR or TBF. Keystrokes were echoed to the comput-
er screen; a press of the RETURN key submitted the re-
sponse and advanced to the next trial. A total of 288 words
were tested: the 24 TBR words and 24 TBF words from
each of the three different blocks of study trials for a total
of 144 study words that were intermixed randomly with 144
unstudied foil words.

Experiments 1 and 2

+

dog dog dog

RRRRRRR FFFFFFF

800 ms

75 ms 300 ms 1,200 ms

400 ms 400 ms

2,125 ms 1,900 ms 1,000 ms

or

Difficult Moderate Easy

Experiment 4

+

dog dog dog

RRRRRRR FFFFFFF

800 ms

75 ms 300 ms 1,200 ms

400 ms 400 ms

1,000 ms

or

Difficult Moderate Easy

Experiment 5 Experiment 6

+

dog dog dog

RRRRRRR FFFFFFF

800 ms

300 ms 300 ms 300 ms

400 ms 400 ms

1,000 ms

or

Difficult Moderate Easy

+

dog dog dog

RRRRRRR FFFFFFF

800 ms

300 ms 300 ms 300 ms

400 ms 400 ms

1,000 ms

or

Difficult Moderate Easy

Fig. 1 Depiction of study trials for Experiments 1 and 2 (top left),
Experiment 4 (top right), Experiment 5 (bottom left), and Experiment 6
(bottom right). Experiments 1 and 2 were identical except that word
durations were blocked in Experiment 1 and intermixed randomly in a
single block in Experiment 2. Experiment 3 (not shown) was identical to
Experiment 2 except that all trials were designated to-be-remembered.
Experiment 4 replicated the general methods of Experiment 2 except

that the blank interval between the word and the memory instruction
was adjusted to accommodate the variable word durations. In
Experiments 5 and 6, timings remained constant and what varied was
the contrast of the study word against the white background
(Experiment 5) or the amount of visual noise on which the black study
word was displayed (Experiment 6)
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Data analysis Data were collated and analysed using R
Studio 1.1.463 running R 3.5.3 (R Core Team, 2019) and
loaded with packages plyr (Wickham, 2011), dplyr
(Wickham & Francois, 2019), tidyr (Wickham & Henry,
2019), and stringr (Wickham, 2019). We used the R pack-
age ez 4.4-0 (Lawrence, 2016) to calculate descriptive sta-
tistics (ezStats) and analyses of variance (ezANOVA), and
to create plots (ezPlot) that were modified using ggplot2
(Wickham, 2009).

A recognition hit was defined as a "Y" response to a studied
TBR or TBF word; a false alarm was defined as a "Y" re-
sponse to an unstudied foil word.3 Before conducting our
primary analyses, we calculated the mean false alarm rate
across all participants and removed all data contributed by
participants whose false alarm rate exceeded this average by
more than 2 standard deviations. The remaining data were
collapsed into condition means that were analyzed using
ezANOVA, the output of which was used to generate a
Bayesian Information Criterion (BIC) approximation to
Bayesian posterior probabilities using the methods recom-
mended by Masson (2011). This has the advantage of
allowing us to compare the weight of evidence that our data
provide in support of the null hypothesis versus the alternative
hypothesis (see Kruschke & Liddell, 2017).

Where pH0 refers to the approximated posterior probability
of the null hypothesis given the data and pH1 refers to the
approximated posterior probability of the alternative hypoth-
esis of a non-zero effect, these values sum to 1. We therefore
describe evidence for an effect when H1 is the larger proba-
bility (i.e., pH1 > 0.50) and evidence against an effect when
H0 is the larger probability (i.e., pH0 > 0.50). We qualify
these effects by applying verbal descriptors as recommended
by Raftery (1995), such that probabilities in the range 0.50–
0.75 provide "weak" evidence; probabilities in the range 0.75–
0.95 provide "positive" evidence; probabilities in the range of
0.95–0.99 provide "strong" evidence; and, probabilities >0.99
provide "very strong" evidence.

Results and discussion

Data contributed by two participants were removed due to foil
false alarm rates that exceeded the mean of all participants by
more than 2 standard deviations. Data from the remaining 34
participants are shown in Fig. 2 (top left panel).

In the analysis of hit rates to studied items, there was very
strong support for an effect of memory instruction, F(1,33) =
136.33,MSe = 359.62, p < .01, ges = .48, pH1>.99. This reflects
an overall directed forgetting effect, with more hits to TBR items
(M= 66%) than to TBF items (M = 35%). As shown in Fig. 2, hit
rates did not vary with the difficulty of study word processing.
Indeed, there was strong evidence against an overall effect of
difficulty,F(2,66)<1,MSe= 136.67, p = .64, ges<.01, pH0= .98.
Critically, there was also strong evidence against an interaction
of memory instruction and difficulty, F(2,66) = 1.30, MSe =
63.78, p = .28, ges<.01, pH0 = .95. The finding of an overall
directed forgetting effect, with no effects of processing difficulty,
suggests that: (1) at least when presented in a blocked design (see
Experiment 2) a representation of TBR and TBF items can be
formed even at the shortest presentation duration (75 ms), with
relatively little benefit to later recognition for longer exposure
durations; (2) there is no evidence that more difficult data-
limited processing influences directed forgetting; and (3) there
is no measurable impact of any additional attentional resources
that might be recruited to compensate for data-limited input (see
also Taylor & Hamm, in press).

Experiment 1 blocked the presentation of study word du-
ration to encourage participants to adopt different cognitive
sets across blocks. We presumed that any adjustments needed
to facilitate directed forgetting would most easily be made if
participants were aware of the relative difficulty of word pro-
cessing in the upcoming block of trials. It is possible, howev-
er, that the ability to prepare in advance for short study word
durations made these durations easier to cope with – effective-
ly undermining the intended manipulation of task difficulty.4

To address this possibility, Experiment 2 intermixed the pre-
sentation of study word durations.

Experiment 2: Mixed word durations

Experiment 2 replicated the methods of Experiment 1, except
that the three study word durations were mixed together in a
single block of trials.

Method

Participants

A total of 36 students from Dalhousie University were
recruited in exchange for psychology course credit, un-
der the same conditions as described for Experiment 1.

3 While false alarm rates are sometimes used in an attempt to correct for
guessing by subtracting them from the hit rates, there was a common foil false
alarm rate across all levels of the independent variables; this is typical of a
directed forgetting task. Because the calculation of a directed forgetting effect
across conditions is unchanged by the subtraction of the same false alarm rate
from both TBR and TBF item recognition, we have elected to report "uncor-
rected" hit rates.

4 This could also account for why the magnitude of the item-method directed
forgetting effect does not always vary with overall item memorability in a
between-subjects manipulation of stimulus type (e.g., Basden & Basden,
1996) but does in a mixed-block within-subjects manipulation (Quinlan,
Taylor, & Fawcett, 2010).
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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 word durations were intermixed randomly and present-
ed in a single block of study trials.

Results and discussion

Data from three participants were removed from all subse-
quent analyses due to mean false alarm rates that exceeded
the mean of all participants by more than 2 standard

deviations. Data from the remaining 33 participants are shown
in Fig. 2 (top middle panel).

The analysis of hit rates to studied items revealed very
strong support for an effect of memory instruction, F(1,32)
= 79.16, MSe = 436.83, p < .01, ges = .32, pH1>.99. This
reflects an overall directed forgetting effect, with more hits to
TBR items (M = 61%) than to TBF items (M = 34%). Unlike
in Experiment 1, intermixing the study word durations in
Experiment 2 provided positive evidence for an overall effect
of study word processing difficulty, F(2,64) = 7.29, MSe =
70.69, p < .01, ges = .01, pH1 = 0.92. The overall recognition
hit rate was 45% for words presented under the Difficult (75
ms) study condition, 47% for those presented under the
Moderate condition (300 ms), and 51% for those presented
under the Easy (1,200 ms) condition. The fact that overall hit
rates improved with increased study word duration is consis-
tent with the supposition that relatively shorter presentation
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Experiment 4:Mixed word durations

Fig. 2 Mean hits (%) on the recognition test, for those experiments that
presented a directed forgetting task (i.e., excluding Experiment 3). Data
are shown as a function of memory instruction (TBR, TBF) and separated
by whether study words were presented under Difficult, Moderate, or
Easy processing conditions. Task difficulty was manipulated between

blocks in Experiment 1 but mixed within-blocks for all other experiments.
The foil false alarm rates are represented by the dashed horizontal lines (R
= 7%–13%) and are plotted on the same scale as used for hits. Error bars
depict Fisher's Least Significant Difference for the plotted effect. TBR To-
be-remembered, TBF To-be-forgotten
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times are more challenging than longer ones, at least when all
durations are intermixed in a single block of trials. The critical
finding, however, is that, like Experiment 1, Experiment 2
provided positive evidence against an interaction of memory
instruction and study word processing difficulty, F(2,64) =
2.51,MSe = 83.01, p = .09, ges = .01, pH0 = .85. Thus, despite
evidence that shorter study word durations were, in fact, more
challenging than longer ones (at least for overall recognition),
there was no obvious effect on directed forgetting.

Even allowing for the fact that there was no interaction
of study word duration with memory instruction, one might
question why the effect of study word duration was itself
not stronger: there was a 16-fold increase in presentation
time between the Difficult (75 ms) and Easy (1,200 ms)
conditions that produced only a 1.13-fold improvement in
overall recognition performance (45% vs. 51%). To the
extent that longer durations allowed word processing to
run to completion and provided time for additional mainte-
nance rehearsal, it is clear that the effects of this rehearsal
are characterised by diminishing returns. The fact that this
seems to be as true for TBF items as for TBR items indi-
cates not only that the instruction to forget fails to override
any strengthening that does occur, but also that an instruc-
tion to remember fails to enhance this strengthening. Even
though this pattern replicates and extends the results report-
ed by Hockley et al. (2016), it nevertheless seems some-
what surprising that intentionally committing an item to
memory does not benefit from a “head start” offered by
trace strengthening during maintenance rehearsal. In light
of this, we thought it worthwhile to replicate the methods of
Experiment 2 using only TBR trials. This allowed us to
determine whether – in a more typical memory task (“re-
member everything”) – there would be a more pronounced
effect of study word duration on the intentional commit-
ment of words to memory.

Experiment 3: Mixed word durations,
remember all

The methods of Experiment 3 were identical to those of
Experiment 2, except that every trial presented an instruction
to Remember.

Method

Participants

A total of 36 students fromDalhousie University were recruit-
ed in exchange for psychology course credit, under the same
conditions as described for Experiment 1.

Stimuli and apparatus

The stimuli and apparatus were identical to those used in
Experiment 2, except that all trials presented a Remember
instruction. Thus, the 144 study words were distributed over
the three levels of study word duration (75 ms, 300 ms, and
1,200 ms).

Procedure

The procedure was identical to Experiment 1, except that a
Remember instruction was presented on every trial.
Participants were aware that all study words would be desig-
nated TBR.

Results and discussion

Data from one participant were removed from all subsequent
analyses due to a mean false alarm rate that exceeded the mean
of all participants by more than 2 standard deviations.
Analyses were conducted on data contributed by the remain-
ing 35 participants.

The analysis of hit rates to studied items revealed only
weak support for an effect of task difficulty, F(2,68) = 5.29,
MSe = 32.81, p = .01, ges = .01, pH1 = .68. Importantly, this
did not suggest better encoding of words presented for longer
durations: the hit rates were nearly identical for words present-
ed at the shortest (i.e., 75 ms; M = 63%) and longest (i.e.,
1,200 ms; M = 62%) durations, with a small – and likely not
robust – dip in performance at the intermediate duration (i.e.,
300 ms; M = 59%).

The fact that TBR item hit rates were near-identical at the
shortest and longest study word durations accords with our
suggestion that the difference in these presentation durations
was not enough to prompt meaningful changes in intentional
remembering. When TBR items are studied in the context of
TBF items, their subsequent recall is improved relative to
when TBR items are studied on their own (e.g., Sahakyan &
Foster, 2009) – a benefit attributable to retrieval processes
(Lee, 2013). It is not clear, however, that such benefits hold
when memory for TBR items is tested using recognition (see
Taylor, Quinlan, & Vullings, 2018, for a discussion of this
issue with respect to recognition of pictures). To the extent
that recognition performance for TBR items in Experiment 3
can therefore also speak to recognition performance for TBR
items in Experiments 1 and 2, it follows that the failure to
reveal an interaction of directed forgetting with task difficulty
in those experiments was likely not due to changes in TBR
item recognition that otherwise mask changes in TBF item
recognition (i.e., considering that directed forgetting is mea-
sured as a difference score). Ignoring, temporarily, that this
situation is predicted by the cognitive load account (as with
the amateur astronomer, increased attention may not improve
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performance under conditions of data-limited processing), the
fact that there was no discernible effect of item duration on
directed forgetting in Experiments 1 and 2, with no effects on
TBR item recognition in Experiment 3, raises the spectre that
this manipulation did not, in fact, sufficiently challenge study
word processing. The fact that the overall hit rate in
Experiment 2 was affected by study word duration hints at
the effectiveness of this manipulation. However, the goal of
Experiment 4 was to provide independent corroboration.

Experiment 4: Mixed word durations, lexical
decision, changed delays

Experiment 4 replicated Experiment 2, with the following two
changes. First, we presented a lexical decision task prior to
conducting the study trials. In the lexical decision task, partic-
ipants were required to indicate as quickly as possible whether
a letter stringwas arranged to form aword (word) or non-word
(wrod). This letter string was presented for 75 ms (Difficult),
300 ms (Moderate), or 1,200 ms (Easy). The expectation was
that lexical decision RTs would be longer with shorter presen-
tation durations, thereby confirming that shorter word dura-
tions create more difficult processing conditions.

Second, we varied the duration of the blank interval that
followed each study item on Difficult, Moderate, and Easy
trials. This allowed us to maintain a constant presentation rate
(i.e., one study item every 5 s) while equating post-instruction
processing time. Had there been an interaction of memory
instruction and difficulty in Experiments 1 and/or 2, it would
have been critical to determine whether this was due to study
word duration and/or post-instruction interval. The need to
separate these effects is not so obvious in the absence of such
an interaction. Nevertheless, Experiment 4 provided an oppor-
tunity to equate post-instruction processing time and thereby
further evaluate any potential effects of study word duration
on directed forgetting.

Method

Participants

To accommodate the addition of a lexical decision task, we
increased our targeted recruitment to 48 participants; we did
not review or analyse the data prior to completing this recruit-
ment. Participants were recruited under the same conditions as
described for Experiment 1.

Stimuli and apparatus

The stimuli and apparatus were as described for Experiment 2,
except that a lexical decision task presented participants with a
letter string configured as a word or non-word. The letter

string on word trials was always word and on non-word trials
was always wrod. This was to ensure that stimuli presented in
the lexical decision task did not interfere with subsequent
recognition memory performance.

Procedure

Lexical decision task Each lexical decision trial started with an
800-ms presentation of a fixation stimulus (“+”) in the centre
of the computer monitor, followed by the letter string word or
wrod, which remained visible for 75 ms (Difficult), 300 ms
(Moderate), or 1,200 ms (Easy). Participants were instructed
to respond as quickly and as accurately as possible by pressing
the “W” key for “word” or the “N” key for “non-word”. A
total of ten trials were presented at each level of the factorial
crossing of difficulty (75 ms, 300 ms, and 1,200 ms) and
lexical status (word, non-word), for a total of 60 lexical deci-
sion trials. The total duration of each trial was 3,500 ms.

Study trials The study trials were identical to Experiment 2
except, as depicted in Fig. 1 (top right panel), when the study
word was presented for only 75 ms, the memory instruction
appeared after a delay of 2,125 ms; when the study word was
presented for 300 ms, the memory instruction appeared after a
delay of 1,900 ms; and when the study word was presented for
1,200 ms, the memory instruction appeared after a delay of
1,000 ms.

Recognition test The recognition test was identical to that of
Experiment 2.

Results and discussion

For the lexical decision task, individual trials were set to be
excluded if no response was made before the end of the trial; if
a key other than a “W” or “N”was pressed; and if the RT for a
given trial was more than 2 standard deviations faster or
slower than the mean of all trials across all participants. No
trials were identified as meeting these exclusion criteria.
Responses were then coded as correct or incorrect and the
mean lexical decision accuracy was calculated for each par-
ticipant, without regard for stimulus duration (i.e., task diffi-
culty). Two participants were identified as having a mean
lexical decision accuracy that was more than 2 standard devi-
ations below the mean of all participants. While still including
the data from these participants, an additional three partici-
pants were identified as having foil false alarm rates that
exceeded the mean of all participants by more than 2 standard
deviations. Based on these preliminary findings, the data from
a total of five participants were removed from all subsequent
analyses. The following reports the results for the remaining
43 participants.
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Lexical decision task The results of the lexical decision task
are summarised in Table 2. An analysis of the lexical decision
RTs provided positive evidence for an overall effect of diffi-
culty, F(2,84) = 6.23,MSe = 374.08, p < .01, ges = .01, pH1 =
.81. However, the pattern was opposite the prediction that
lexical decision RTs would be fastest when the task was easy:
pairwise comparisons provided positive evidence for faster
RTs in the Difficult condition compared to the Moderate con-
dition,F(1,42) = 8.77,MSe = 403.51, p = .01, ges = .01, pH1 =
.90, but positive evidence against a difference between the
Moderate and Easy conditions, F(1,42) < 1, MSe = 290.06,
p = .96, ges < .01, pH0 = .87.

The pattern of lexical decision RTs is rather surprising,
given that short word durations were expected to make item
processing more difficult than longer word durations. It seems
possible that participants tended to match response time with
word duration. Such a strategy would speed response time at
the shortest durations, but at the cost of accuracy. Indeed, in
the analysis of lexical decision accuracies, there was positive
evidence for an overall effect of difficulty, F(2,84) = 7.16,
MSe = 34.35, p < .01, ges = .08, pH1 = .90, with pairwise
comparisons providing strong evidence for lower accuracies
in the Difficult condition (M = 91%) compared to the
Moderate condition (M = 96%), F(1,42) = 14.74, MSe =
33.31, p < .01, ges = .11, pH1 = 0.99, with weak evidence
for a difference in accuracy between the Moderate and Easy
(M = 94%) conditions, F(1,42) = 4.01, MSe = 26.29, p = .05,
ges = .03, pH1 = .52. In other words, lexical decisions for the
shortest presentation duration (75 ms) tended to be faster but
also less accurate than for the longer stimulus presentation
durations. This result does point to a strategic shift wherein
participants were willing to accept weaker evidence for their
responses in the Difficult condition compared to the Moderate
and Easy conditions.

Recognition taskRecognition hit rates are shown in Fig. 2 (top
right panel) as a function of memory instruction (TBR, TBF)
and task difficulty (Difficult, Moderate, Easy). An analysis of

these data revealed very strong support for an effect of mem-
ory instruction, F(1,42) = 128.82,MSe = 304.90, p < .01, ges
= .34, pH1>.99. This reflects an overall directed forgetting
effect, with more hits to TBR items (M = 65%) than to TBF
items (M = 41%). There was positive evidence against an
effect of task difficulty, F(2,84) = 1.66, MSe = 79.54, p =
.20, ges < .01, pH0 = .94, with no discernible effect of study
word duration on overall hit rates. And there was strong evi-
dence against the critical interaction of memory instruction
and task difficulty, F(2,84) = 1.51, MSe = 88.99, p = .23,
ges < .01, pH0 = .95.

Taken together, the results of Experiments 1, 2, and
4 demonstrate that study item duration has no discern-
ible effect on directed forgetting. The results of
Experiment 3 further demonstrate that study item dura-
tion has no discernible effect on intentional remember-
ing. These findings provide early support for the cogni-
tive load hypothesis and do not match the predictions of
the task difficulty hypothesis. That said, however, all
four experiments manipulated task difficulty in the same
way (i.e., by varying study word presentation time). We
therefore thought it worthwhile to test the generality of
this conclusion by varying how study word processing
difficulty is operationalised. In two final experiments,
we presented study words for a constant duration but
manipulated data processing difficulty by varying the
visual contrast of study words relative to their back-
ground (Experiment 5) or by superimposing those words
on backgrounds of varying levels of visual noise
(Experiment 6).

Experiment 5: Mixed font contrasts

In Experiment 5, we varied the visual contrast of the
study words against the uniform white background on
which they were presented. There were three levels of
contrast: words were presented in a light grey font only

Table 2 Reaction times (RTs) and accuracy (% correct) for lexical
decisions made under Difficult, Moderate, and Easy processing condi-
tions in Experiments 4, 5, and 6. Difficulty was defined by word duration

in Experiment 4, font contrast in Experiment 5, and visual noise back-
ground in Experiment 6

Experiment Measure Difficult Moderate Easy

Experiment 4: Mixed word durations RT 556 (9.96) 569 (8.92) 569 (9.44)

Accuracy 91 (1.27) 96 (0.71) 94 (1.12)

Experiment 5: Mixed font contrasts RT 571 (7.15) 542 (7.15) 541 (6.80)

Accuracy 91 (1.16) 94 (0.94) 94 (0.79)

Experiment 6: Mixed visual noise levels RT 640 (13.05) 623 (13.66) 600 (12.87)

Accuracy 94 (0.93) 93 (1.24) 93 (1.27)

Numbers in parentheses are the standard error of the mean
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a few shades darker than the white background; in a
medium grey font; or in a high contrast black font.
The rationale was that study words would be relatively
more difficult to read the lower the contrast of those
words against their white background. A lexical deci-
sion task preceded the study trials. The expectation
was that RTs to make a word/non-word discrimination
would be longer the more difficult it was to discern the
letter string against its background (i.e, the lower the
visual contrast).

Method

Participants

A total of 48 students from Dalhousie University earned
course credit in exchange for their participation, under the
same conditions described for Experiment 1.

Stimuli and apparatus

The stimuli and apparatus were as described for Experiment 4,
except for the following. SuperLab 5.0.5 (Cedrus) was used to
control stimulus presentation and data collection. Contrast
was manipulated by varying the brightness of the greyscale
font used to present lexical decision stimuli and study words:
92% brightness appeared as a light grey against the white
background and was therefore of low visual contrast
(Difficult); 46% brightness appeared as a mid-range grey of
moderate visual contrast (Moderate); and 0% brightness ap-
peared as a high contrast black (Easy).

Procedure

Lexical decision task The lexical decision task was as de-
scribed for Experiment 4, except that all stimuli were present-
ed for 300 ms in a light grey, mid-range grey, or black font.

Study trials Study trials were as described for Experiment 2
except that visual contrast was varied instead of word dura-
tion. As depicted in Fig. 1 (bottom left panel), trial timings
were selected to correspond with the Moderate study word
duration of Experiments 1–3 such that the fixation stimulus
appeared for 800ms, followed by the studyword for 300ms, a
blank interval for 1,000 ms, and a memory instruction for 400
ms. The total trial duration was 5,000 ms.

Recognition test The recognition test was as described for
Experiment 1.

Results and discussion

Fewer than 3% of all lexical decision trials were removed due
to exclusions. One participant was identified as having a mean
lexical decision accuracy that was more than 2 standard devi-
ations below the mean of all participants. While still including
the data from this participant, an additional three participants
were identified as having foil false alarm rates that exceeded
the mean of all participants by more than 2 standard devia-
tions. The data from these four participants were removed
from all subsequent analyses. The following reports the results
for the remaining 44 participants.

Lexical decision task The results of the lexical decision task
are summarised in Table 2. An analysis of the RT data pro-
vided very strong evidence for an effect of difficulty, F(2,86)
= 40.48,MSe = 327.59, p < .01, ges = .09, pH1 > .99. Indeed,
there was very strong evidence for RTs to be longer in the
Difficult condition (M = 571 ms) than in the Moderate condi-
tion (M = 542 ms), F(1,43) = 57.79, MSe = 336.63, p < .01,
ges = 0.09, pH1 > .99. There was, however, positive evidence
against a difference in the speed to respond to items presented
in the Moderate condition compared to the Easy condition (M
= 541ms),F(1,43)<1,MSe = 254.56, p = .85, ges < .01, pH0 =
.87. The analysis of lexical decision accuracy provided weak
evidence against an effect of difficulty, F(2,86) = 4.33,MSe =
25.18, p = .02, ges = .04, pH0 = .57, with the lowest accuracy
in the Difficult condition that also produced the longest RTs
(i.e., when items were presented in a light grey font on white).

The results of the lexical decision task suggest that the
items printed in the mid-range grey and black were equally
difficult to process. Functionally, this means that the use of
three different contrast levels did not produce three distinct
levels of difficulty as intended. Nevertheless, there was still
evidence that items presented in the light grey colour were
particularly challenging to process. With this in mind, the
question was whether the challenge created by this condition
would interact with the directed forgetting effect.

Recognition task Recognition hit rates are shown in Fig. 2
(bottom left panel) as a function of memory instruction
(TBR, TBF) and difficulty (Difficult, Moderate, Easy). An
analysis of these data revealed very strong support for an
effect of memory instruction, F(1,43) = 239.60, MSe =
261.83, p < .01, ges = .47, pH1 > .99. This reflects an overall
directed forgetting effect, with more hits to TBR items (M =
70%) than to TBF items (M = 40%). There was strong evi-
dence against an effect of task difficulty, F(2,86) < 1, MSe =
81.23, p = .54, ges < .01, pH0 = .98, with near-identical over-
all hit rates across the three levels of difficulty. On the critical
interaction, there was strong evidence against an interaction
of memory instruction and task difficulty, F(2,86) < 1,MSe =
90.55, p = .69, ges < .01, pH0 = .98.
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Experiment 5 was designed to investigate the effect of
study word processing difficulty by manipulating visual con-
trast, with the goal of further examining the potential effect of
processing difficulty on directed forgetting. The lexical deci-
sion RTs confirmed that the most Difficult task condition (low
contrast light grey items presented on a white background)
was, indeed, more challenging than the Moderate (mid-grey)
and Easy (black) conditions. But there was no evidence in the
analysis of recognition hit rates that this challenge influenced
the magnitude of the directed forgetting effect, again
supporting the predictions of the cognitive load hypothesis
and failing to provide evidence in favour of the task difficulty
hypothesis.

Experiment 6: Mixed visual noise levels

In Experiment 6, study word processing difficulty was again
manipulated. Study words were presented in black for the
same fixed duration across trials, superimposed on back-
ground images of high, moderate, or no visual noise. This
manipulation presumes that higher levels of visual noise in-
crease the relative difficulty of discerning the study word. A
lexical decision task preceded the study trials.

Method

Participants

A total of 48 Dalhousie University students earned course
credit in exchange for their participation and were run under
the same conditions as described for Experiment 1.

Stimuli and apparatus

The stimuli and apparatus were identical to Experiment 5,
with two exceptions. All lexical decision and study items were
presented in black font and centred in an image of high, mod-
erate, or no visual noise. These background images filled the
entire area of the computer monitor. They were mean-centred
on a grey-scale value mid-point between white (0) and black
(1), such that they were equiluminant with one another. The
high noise (Difficult) image consisted of a distribution of
values randomly sampled from a 100% range around mid-
point (i.e., R = 0–1, M = 0.50); the moderate noise image
(Moderate) consisted of a distribution of values randomly
sampled from a 50% range centred on the mid-point (i.e., R
= 0.25–0.75, M = 0.50); and the no-noise image (Easy)
consisted of a 0% range centred on the mid-point (i.e., M =
0.50), to make a uniform grey.

Procedure

The procedure was identical to Experiment 5.

Results and discussion

Fewer than 3% of all lexical decision trials were removed due
to exclusions. Two participants were identified as having
mean lexical decision accuracies that were more than 2 stan-
dard deviations below the mean of all participants. While still
including these datasets, an additional four participants were
identified as having foil false alarm rates that exceeded the
mean of all participants by more than 2 standard deviations.
The data from these six participants were removed from all
subsequent analyses. The following reports the results for the
remaining 42 participants.

Lexical decision task The mean lexical decision RTs and ac-
curacies are shown in Table 2. An analysis of the RT data
provided very strong evidence for an effect of difficulty,
F(2,82) = 34.52, MSe = 504.09, p < .01, ges = .04, pH1 >
.99. Indeed, there was strong evidence for RTs to be longer in
the Difficult condition than in theModerate condition,F(1,41)
= 12.17,MSe = 518.70, p < .01, ges = 0.01, pH1 = 0.97, and
very strong evidence for RTs to be longer in the Moderate
condition than in the Easy condition, F(1,41) = 21.90, MSe
= 517.19, p < .01, ges = .02, pH1 > .99. An analogous analysis
of the lexical decision accuracy revealed strong evidence
against an effect of task difficulty, F(2,82)<1, MSe = 32.74,
p = .79, ges < .01, pH0 = .98.

The fact that the lexical decision RTs increased with task
difficulty is consistent with the supposition that higher levels
of visual noise challenged the perceptual processing of the
superimposed visual stimulus. Happily, the lexical decision
RTs distinguished among all three levels of purported task
difficulty – RTs were slowest in the Difficult high noise con-
dition, intermediate in the Moderate noise condition, and
fastest in the Easy no noise condition. With this in mind, the
key question was whether increased processing difficulty
would interact with the directed forgetting effect.

Recognition task Recognition hit rates are shown in Fig. 2
(bottom right panel). An analysis of these data revealed very
strong support for an effect of memory instruction, F(1,41) =
191.70, MSe = 219.21, p < .01, ges = .39, pH1 > .99. This
reflects an overall directed forgetting effect, with more hits to
TBR items (M = 69%) than to TBF items (M = 44%). There
was strong evidence against an effect of difficulty, F(2,82)<1,
MSe = 108.79, p = .61, ges < .01, pH0 = .98, with no discern-
ible difference in overall recognition hit rates for words pre-
sented in the Difficult, Moderate, and Easy conditions. In
addition, there was strong evidence against an interaction of
memory instruction and difficulty, F(2,82) < 1,MSe = 105.12,
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p = .67, ges < .01, pH1 = .98.5 Thus, there was again no
evidence that difficult study word processing affected the
magnitude of the directed forgetting effect.

General discussion

There is improved forgetting (i.e., less recognition of TBF
items) when participants begin counting backwards at the
same time as the memory instruction is presented (Lee &
Lee, 2011); when they must provide ongoing rehearsal to
TBR items rather than merely reading these items aloud
(Lee, 2012); and when they are required to rehearse a

relatively long, rather than a short, list of TBR items (Lee,
2012). These findings led Lee (2012) to propose the cognitive
load hypothesis of item-method directed forgetting, suggest-
ing that encoding information into long-term memory is en-
hanced by "any processing during study…that demands cog-
nitive load" (p. 1112; Lee, 2012). According to Lee (2012),
the mechanism for this effect is like the effects of perceptual
load on distractor processing in attention tasks (Lavie, 2005,
2010): increasing perceptual load improves the ability to real-
locate attentional resources to task-relevant items from task-
irrelevant items. In a directed forgetting task, the relevant
items are those designated TBR and the irrelevant items are
those designated TBF. Thus, according to Lee’s cognitive
load hypothesis of directed forgetting, increasing cognitive
load ironically improves directed forgetting by prompting
changes in the allocation of attentional resources. The corol-
lary is that there should be no such improvement when a
difficult task prompts changes in attention due to data limita-
tions. In contrast to the cognitive load hypothesis, we pro-
posed an alternative task difficulty hypothesis which assumes
that any changes to a task to make it more difficult, even
perceptual changes, will be met with greater effort to perform
the task, greater re-allocation of attentional resources away
from TBF items, and better forgetting. To distinguish between
the cognitive load hypothesis of directed forgetting and the
task difficulty hypothesis, it was imperative that wemanipulate
task difficulty, not by limiting attentional resources (because
the predictions of these hypotheses are identical under such
conditions), but by limiting perceptual processes (i.e.,
creating data limitations). Across six experiments we manip-
ulated study word data (sensory/perceptual) processing limi-
tations in different ways.

In Experiments 1–3, we operationalised data limitations by
introducing temporal constraints on the study words: study
words were presented for 75 ms (Difficult), 300 ms
(Moderate), or 1,200 ms (Easy). In the blocked design of
Experiment 1, the evidence was against an interaction of
memory instruction and study word duration. The same was
true in the mixed design of Experiment 2. Importantly, when
this same mixed design eliminated the need to intentionally
forget and presented only TBR words (Experiment 3), there
was also no evidence for an effect of study word duration on
TBR hits. To the extent that recognition of TBR items studied
alone operates similarly to recognition of TBR items studied
in the context of TBF items (see Taylor et al., 2018), this
suggests that a consistent failure to observe changes in direct-
ed forgetting due to study item processing duration was likely
not attributable to coincident changes in TBR performance. In
Experiment 4, we again varied word presentation time, while
adding a lexical decision task prior to the study trials. The goal
was to use the lexical decision task to corroborate that pro-
cessing limitations vary inversely with word presentation
time. Although errors increased with shorter word durations,

5 Prior to conducting Experiment 6, two undergraduate projects used similar
methods but with different numbers of backgrounds and/or study trial timings.
A project conducted by Noha Mohamed used only two levels of background
noise, both of which had the appearance of a patterned background: A high-
noise background was sampled from a 96% range around midpoint (R = 0.02-
0.98, M = 0.50) and a low-noise background was sampled from an 8% range
centred on the mid-point (R = 0.46-0.54,M = 0.50). A total of 160 study trials
presented the fixation stimulus for 1,000 ms; the study word superimposed on
noise background for 500 ms; a blank interval for 800 ms; the TBR or TBF
instruction for 500 ms; and a blank interval for 700ms, for a total trial duration
of 3,500 ms. There were a total of 320 recognition trials comprised of the 160
study words and 160 unstudied foil words. The initial sample size was 34
participants. One datafile was corrupt and could not be analyzed and one
dataset was excluded due to a high false alarm rate. Recognition hit rates for
the remaining 32 participants showed very strong evidence for an effect of
memory instruction, consistent with a directed forgetting effect, F(1,31) =
102.60, MSe = 119.33, p < .01, ges = .27, pH1 > .99; weak evidence against
an effect of task difficulty, F(1,31) = 3.27, MSe = 60.98, p = .08, ges < .01,
pH0 = .53; and positive evidence against an interaction of memory instruction
and task difficulty, F < 1,MSe = 28.84, p = .46, ges < .01, pH0 = .81. With the
high-noise and low-noise backgrounds, respectively, the TBR item hit rate was
59% and 60% and the TBF hit rate was 38% and 41%.
The second undergraduate project conducted by Jessie Pappin used the same

methods described for Experiment 6 except that the memory instruction was
presented for 300 ms (instead of 400 ms); total trial duration was 5,700 ms
(instead of 5,000 ms); and, there were 33 lexical decision trials (instead of 60),
162 study trials (instead of 144), and 324 test trials (instead of 288). She
collected data from 48 participants. Data from two participants were removed
due to low lexical decision accuracies and data from another three were re-
moved due to high false alarm rates. The results were very similar to those of
Experiment 6. The lexical decision RTs provided strong evidence for task
difficulty, F(2,84) = 8.86,MSe = 1209.75, p < .01, ges = .02, pH1 = .98, with
positive evidence for slower RTs in the Difficult condition (M = 636 ms)
compared to the Moderate condition (M = 619 ms), F(1,42) = 9.09, MSe =
651.47, p < .01, ges = .01, pH1 = .91, but weak evidence against a difference
in the speed of responding in the Moderate condition compared to the Easy (M
= 604ms) condition, F(1,42) = 3.05,MSe = 1577.16, p = .09, ges = .01, pH0 =
0.59. There was positive evidence against an overall effect of task difficulty on
lexical decision accuracy, F(2,84) = 3.38,MSe = 91.05, p = .04, ges = .03, pH0
= .76: The accuracies were 86% in the Difficult condition, 90% in the
Moderate condition, and 91% in the Easy condition. Recognition hit rates
showed very strong evidence for an effect of memory instruction, consistent
with a directed forgetting effect, F(1,42) = 182.43,MSe = 314.30, p < .01, ges
= .48, pH1 > .99; positive evidence against an effect of task difficulty, F(2,84)
= 2.56, MSe = 79.53, p = .08, ges = .01, pH0 = .87; and strong evidence
against the critical interaction of memory instruction and task difficulty,
F(2,84) = 1.09, MSe = 94.78, p = .34, ges < .01, pH0 = .97. Under the
Difficult, Moderate, and Easy conditions, respectively, the TBR item hit rate
was 72%, 72%, and 73%, and the TBF item hit rate was 39%, 44%, and 44%.
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this was offset by faster RTs, potentially the result of a strategy
to prepare responding for (or to allocate more attentional re-
sources to) the most difficult condition. Even so, there was
evidence against an interaction of memory instruction with
task difficulty.

In Experiment 5, words were displayed in light grey on a
white background (Difficult), in mid-range grey (Moderate),
or in black (Easy). A lexical decision task confirmed that the
lowest contrast items (light grey) were more perceptually de-
manding than the higher contrast items (mid-range grey and
black). In a similar vein, Experiment 6 presented study words
in black, superimposed on isoluminant backgrounds of high
(Difficult), moderate (Moderate), or no (Easy) visual noise. A
lexical decision task successfully distinguished the three
levels of perceptual processing, with the slowest RTs in the
Difficult condition, intermediate RTs in the Moderate condi-
tion, and the fastest RTs in the Easy condition. Nevertheless,
in both of these Experiments, the analysis of recognition hit
rates provided evidence against an interaction of memory in-
struction with task difficulty.

Thus, across six experiments and three different manipula-
tions of sensory/perceptual processing, there was no compel-
ling evidence that data processing limitations improve direct-
ed forgetting in an item-method task. In this regard, the current
work rules out the task difficulty hypothesis as a viable alter-
native to the cognitive load hypothesis of directed forgetting.
Nevertheless, there are at least two conceptual challenges that
face the cognitive load hypothesis when used to account for
directed forgetting.

The first conceptual challenge to Lee’s cognitive load the-
ory comes from the fact that cognitive load appears to affect
distractor processing differently in response competition tasks
(i.e., increasing distractor processing) than it does in directed
forgetting tasks (i.e., decreasing distractor processing). This is
an uncomfortable theoretical wedge that will require future
scrutiny. We posit three possible reasons for this discrepancy.
First, it might have something to do with the inherent differ-
ences in the tasks used to measure attention versus memory,
possibly related to differences in distractor suppression. In a
response competition task, a distractor is something that ought
to be suppressed at some stage of processing prior to a re-
sponse. Distractor suppression therefore needs to operate
quickly (e.g., within the first second of distractor presenta-
tion). In contrast, “distractor” processing in a directed forget-
ting task (i.e., a TBF item) is something that ought to be
suppressed/avoided for much longer – at least for the duration
of a TBF trial, but possibly much longer. Second, in response
competition tasks, there is greater importance placed on spa-
tial location. The location of a stimulus is a critical indicator of
whether an item is designated as a distractor (and should be
ignored) or as a target (and ought to be fully processed). In the
directed forgetting paradigm, in contrast, all stimuli are typi-
cally presented at centre, so that location is not a useful feature

for distinguishing “target” (TBR) from “distractor” (TBF)
items. Third, in a response competition task the distractor
and target are usually presented simultaneously. In contrast,
how a study item is processed in the directed forgetting task
depends entirely on the identity of the subsequent memory
instruction.6 At this time, it is not clear whether any of these
factors (or something else) is critical for resolving the discrep-
ancy between the effects of cognitive load on distractor pro-
cessing in a response competition task versus a directed for-
getting task. However, this discrepancy is not trivial. And so
long as it remains unaccounted for, there will be limited ability
to relate the cognitive load hypothesis of directed forgetting to
load theory more generally.

A second conceptual challenge for the cognitive load
hypothesis of directed forgetting arises by considering the na-
ture of the attentional changes that accompany data-
processing limitations. Consider that the cognitive load
hypothesis of directed forgetting specifies that unwanted
TBF processing becomes less likely as attentional resources
become unavailable under conditions of relatively high load,
resulting in an increased directed forgetting effect. This would
seem to suggest that the opposite could therefore also be true:
under conditions in which attentional resources are brought to
bear on TBF item processing, the magnitude of the directed
forgetting effect should decrease. However, despite evidence
that distractors are processed to a greater extent when visual
stimuli are degraded (e.g., Lavie & de Fockert, 2003; but see
Benoni & Tsal, 2010;Wilson et al., 2011), we did not find any
evidence that manipulating the visual integrity of the study
words affected efforts to remember and/or forget. In this re-
gard, our findings were consistent with one tenet of the cog-
nitive load hypothesis of directed forgetting: that directed for-
getting effects should increase only when attentional re-
sources are taxed (and not when data limitations are imposed).
Yet our findings are silent with respect to another tenet im-
plied by Norman and Bobrow’s (1975) seminal theoretical
work: that greater restrictions on data processingmay be offset
by greater allocation of attentional resources and should lead
to greater TBF item recognition and therefore to impaired
directed forgetting. Of course, it is possible that Lavie and
de Fockert’s (2003) observations do not apply in this situation,
and that there was, in fact, no increased allocation of atten-
tional resources to study items under difficult sensory/
perceptual data processing conditions (e.g., see Yeshrun &
Marciano, 2013). Indeed, load theory, broadly considered,
may be overly simple, suggesting that further work is needed
to fully understand what it is about some tasks that seem
capable of drawing from the attentional resources that cause

6 This might be the most important difference between response competition
and directed forgetting tasks. Perceptual load effects are only generally ob-
served when there is an array of stimuli. It fits with dilution explanations of
perceptual load such that dilution only occurs with a stimulus array. We thank
Colin MacLeod, one of our reviewers, for highlighting this issue.
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us to remember when we need to forget (see Khetrapal, 2010;
Cave & Chen, 2016; Murphy et al., 2016, for discussion of
other challenges to Lavie’s load theory).

Regardless of the conceptual challenges that face the cog-
nitive load account of directed forgetting, one thing is clear:
the mechanism(s) responsible for increased directed forgetting
under conditions of attentional resource limitations (Lee &
Lee, 2011; Lee, 2012) are not obviously in play under condi-
tions of data limitations. Across six experiments we obtained
robust directed forgetting effects, with no evidence that the
magnitude of these effects was influenced by data limitations
to study item processing. Our results demonstrate that a mem-
ory intention is sufficient to produce intentional remembering
and forgetting when there is no other competition for limited-
capacity attentional resources. By implication, our results also
suggest that if high loads lead to improved forgetting – as
postulated by the cognitive load hypothesis of directed forget-
ting – they do so through direct competition for attentional
resources, and not through changes in attention prompted by
perceptual challenges.
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