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Abstract Using an item-method directed forgetting task, we
presented negative, neutral, and positive photographic pic-
tures, one at a time, each followed by an instruction to remem-
ber or forget.We determined that the directed forgetting effect,
defined as better subsequent recognition of to-be-remembered
(TBR) items than to-be-forgotten (TBF) items, was equivalent
across negative, neutral, and positive pictures. To disentangle
the underlying costs (i.e., decrease in memory for TBF items)
and benefits (i.e., increase in memory for TBR items), we
compared recognition memory performance in the directed
forgetting task to that of a novel within-subjects remember-
all control condition (Experiment 1) and to a between-subjects
remember-all control group (Experiment 2). We observed
costs without benefits across all three emotions—negative,
neutral, and positive—in both experiments. These results
demonstrate that equivalent directed forgetting effects for
emotional stimuli are not attributable to different underlying
component processes. Instead, our results suggest that selec-
tion for encoding is accomplished in similar ways, regardless
of emotional content.

Keywords Item-method directed forgetting . Intentional
forgetting . Costs and benefits . Pictures . Emotion

Whereas forgetting is often viewed as an inconvenient failure
of memory, when performed intentionally, forgetting operates
in the service of memory (e.g., Bjork, 1972; Bjork, Bjork, &
Anderson, 1998). Intentional forgetting can operate at differ-
ent stages of information processing to prevent unwanted
items from being encoded into long-term memory and to pre-
vent unwanted representations from being retrieved (see
Anderson & Hanslmayr, 2014, for a review). Distinct mecha-
nisms are engaged to accomplish intentional forgetting at
encoding versus retrieval, with control over encoding
achieved by a withdrawal and reallocation of processing re-
sources (see below) and control over retrieval achieved by the
implementation of inhibitory control (e.g., see Basden,
Basden, & Gargano, 1993; Geiselman, Bjork, & Fishman,
1983) and/or a shift in mental context (e.g., Sahakyan &
Kelley, 2002). In this study, we were interested exclusively
in intentional forgetting that operates to prevent unwanted
encoding.

Intentional forgetting at encoding requires that participants
exert top-down control over limited-capacity resources to en-
sure that relevant items are processed and committed to long-
term memory, to the relative exclusion of irrelevant items. In
the laboratory, this control is elicited using an item-method
directed forgetting task (see MacLeod, 1998, for a review).
Participants are presented with study items, one at a time, each
followed by an instruction to remember or forget. Because the
instruction follows the disappearance of each study item
(although see Paller, 1990), participants must attend to each
item as it is presented and use maintenance rehearsal to refresh
the item representation in working memory until the memory
instruction is presented (e.g., Gardiner, Gawlik, &
Richardson-Klavehn, 1994; Hsieh, Hung, Tzeng, Lee, &
Cheng, 2009; Paz-Caballero, Menor, & Jiménez, 2004). If
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the instruction is to remember, participants engage in elabora-
tive rehearsal to commit the to-be-remembered (TBR) item to
long-term memory. If the instruction is to forget, participants
engage frontal control mechanisms (Bastin et al., 2012;
Hauswald, Schulz, Iordanov, & Kissler, 2010; van Hooff &
Ford, 2011; Wylie, Fox, & Taylor, 2008; Yang et al., 2013) to
actively withdraw processing resources from the to-be-
forgotten (TBF) item representation (Fawcett & Taylor,
2010, 2012; Taylor, 2005; Taylor & Fawcett, 2011;
Thompson, Hamm, & Taylor, 2014; see also Rizio &
Dennis, 2013). This withdrawal of processing resources is
believed to cease further covert rehearsal of the unwanted item
(e.g., Hourihan & Taylor, 2006) while possibly also
redirecting limited-capacity resources to cumulative rehearsal
of preceding TBR items. The result of this active cognitive
control (Fawcett & Taylor, 2008; Cheng, Liu, Lee, Hung, &
Tzeng, 2012) is that TBR items receive more rehearsal than
TBF items and are therefore more likely to be encoded into
long-term memory and to be represented with greater fidelity
(Fawcett, Lawrence, & Taylor, 2016). Consequently, there is
greater subsequent recognition of TBR items than TBF items,
a difference referred to as a directed forgetting effect.

Although a majority of item-method directed forgetting
studies have used words as stimuli, Quinlan, Taylor, and
Fawcett (2010) determined that directed forgetting effects
occur both within and across stimulus types. In a fully
factorial design, they presented at study and test coloured
line drawings of objects (e.g., picture of a kite) or the cor-
responding verbal referents to those objects (e.g., the word
kite). Thus, across study-test phases, the conditions includ-
ed picture-picture, picture-word, word-word, and word-
picture. While the picture superiority effect conferred over-
all greater subsequent recognition for pictures compared to
words presented at study, there was nevertheless a signifi-
cant directed forgetting effect for all four study-test com-
binations. Demonstrating tremendous flexibility in cogni-
tive control over the contents of memory, directed forget-
ting effects have likewise been obtained using phone num-
bers (Gottlob, Golding, & Hauselt, 2006), complex
coloured photographs (Hauswald & Kissler, 2008), human
face stimuli (Goernert, Corenblum, & Otani, 2011;
Quinlan & Taylor, 2014), abstract symbols (Hourihan,
Ozubko, & MacLeod, 2009), and visual depictions of
mathematical roulette curves (Fawcett et al., 2016). Such
generalizability speaks to the purported role of directed
forgetting in everyday memory.

Given that a directed forgetting effect likely reflects the
operation of a general cognitive mechanism used to restrict
the unwanted encoding of irrelevant items, an obvious
question is whether the efficacy of this control in normal
cognition is impacted by negative emotion. On the one
hand, memory is enhanced for negative words (e.g.,
Kensinger & Corkin, 2003; Ochsner, 2000) and pictures

(e.g., Dolcos & Cabeza, 2002; Hamann, Ely, Grafton, &
Kilts, 1999). This raises the question of whether negative
items are therefore relatively more difficult to forget. On
the other hand, actively limiting unwanted encoding de-
pends on patterns of neural activation that are distinct from
those used to remember (e.g., Rizio & Dennis, 2013; Wylie
et al., 2008). This implies that intentional forgetting is not
simply the obverse of intentional remembering and need
not necessarily be impacted by the same stimulus condi-
tions that influence remembering. It is therefore not a fore-
gone conclusion that intentional forgetting in an item-
method task should be reduced or eliminated for negative
items.

The question of whether directed forgetting effects are re-
duced for negative compared to neutral words has received
extensive study but has no clear answer. In part, this is due to
considerable variability in both the operationalization of
Bnegative^ and in the selection of study populations.
Negative words may be denotative (e.g., the word sad), con-
notative (e.g., the word failure), and/or evocative (e.g., taboo
words) and have been selected as study items based on nega-
tive valence per se (e.g., Bailey & Chapman, 2012; Brandt,
Nielsen, & Holmes, 2013; Cloitre, Cancienne, Brodsky, Dulit,
& Perry, 1996; Patrick, Kiang, & Christensen, 2015; Wong &
Moulds, 2008), because they are threat-related or trauma-
related (e.g., Elzinga, de Beurs, Sergeant, van Dyck, & Phaf,
2000; Elzinga, Phaf, Ardon, & van Dyck, 2003; McNally,
Clancy, & Schacter, 2001; McNally, Metzger, Lasko,
Clancy, & Pitman, 1998; McNally, Otto, Yap, Pollack, &
Hornig, 1999;Moulds & Bryant, 2002), or because they are
relevant to a specific psychopathology (e.g., Korfine &
Hooley, 2000; Liang, Hsu, Hung, Wang, & Lin, 2011; Tolin,
Hamlin, & Foa, 2002). This variability in the definition of
Bnegative^ reflects the fact that the majority of studies have
been aimed at elucidating memory control mechanisms under-
lying clinical disorders, vulnerabilities, and/or individual dif-
ferences variables that have clinical relevance. For example,
such studies have examined effects of negative emotion on
directed forgetting in obsessive-compulsive patients
(Wilhelm, McNally, Baer, & Florin, 1996) compared to both
anxious and nonanxious controls (Tolin et al., 2002); individ-
uals with dissociative identity disorder (Elzinga et al., 2003);
individuals with high and low dissociative style (Elzinga et al.,
2000); individuals reporting repressed or recovered memories
of childhood sexual abuse (McNally et al., 2001); high and
low dysphoric participants (Wong & Moulds, 2008); individ-
uals with borderline personality disorder (Cloitre et al., 1996;
Korfine & Hooley, 2000); women with abuse histories, either
with or without posttraumatic stress disorder (McNally et al.,
1998); acutely traumatised individuals with or without acute
stress disorder (Moulds & Bryant, 2002); patients with schizo-
phrenia (Patrick et al., 2015); individuals with panic disorder
(McNally et al., 1999); and socially anxious individuals
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(Liang et al., 2011). It is perhaps not surprising that there is no
clear understanding of when, whether, and how negative emo-
tion—broadly defined—influences item-method directed
forgetting.

Unfortunately, the results are not necessarily clear-cut even
after restricting consideration to Bnormal^ adult samples1 for
whom Bnegative^ words are selected based on rated valence
(rather than relevance to a clinical condition) or after
distinguishing effects of valence and arousal. For example,
Brandt et al. (2013) observed larger magnitude directed for-
getting effects for negative words compared to less arousing
neutral words—albeit due to increased recognition of negative
versus neutral TBR items rather than because of decreased
recognition of TBF items (see their Table 1). In contrast,
Bailey and Chapman (2012) showed smaller directed forget-
ting effects in recognition for both positive and negative
words that were matched to each other on arousal, compared
to less arousing neutral words.While this suggests that arousal
(independent of negative/positive valence) limits intentional
forgetting of words, Bailey and Chapman (2012) used a non-
standard task that presentedmemory cues simultaneouslywith
the study words (similar to Paller, 1990). Using a more typical
directed forgetting task, Gallant and Yang (2014) reported that
an effect of emotion on directed forgetting is not observed in
normal young adults when positive and negative words are
selected to be only as arousing as neutral words. Although this
does not explicitly corroborate an effect of arousal on directed
forgetting, it does appear to rule out an effect of valence. That
said, Gallant and Dyson (2016) found smaller directed forget-
ting effects for negative words compared to less arousing neu-
tral words, but also compared to positive words that were
matched at both low and high levels of arousal, thus evidenc-
ing an effect of negative valence per se, independent of arous-
al. Altogether, the conclusion is that directed forgetting of
negative words is sometimes larger, sometimes smaller, and
sometimes no different than neutral words, and when it is
different, this may be due to negative valence per se and/or
higher levels of arousal.

Compared to words, one might argue that photographic
images better reflect the kinds of emotional mental images
that prompt real-life attempts to intentionally forget; are likely
to bemore emotionally evocative (e.g., consider the difference
between the subjective emotional impact of a colour photo-
graphic image of the aftermath of armed conflict vs. the word
war); and, on both counts, have relatively more ecological

validity. On these grounds, it is surprising that relatively few
studies have employed photographic images in the attempt to
determine whether negative emotion limits intentional forget-
ting at encoding. This likely reflects the fact that studies of
clinical interest have formed the core literature on the effects
of emotion on directed forgetting and that photographic im-
ages are less easily manipulated to conform to the varying
definitions of Bnegative^ that are required in the study of
specialised populations.

Of the few studies that have examined directed forgetting
effects for negative compared to neutral pictures in normal
adult populations (see note 1), the evidence is as mixed as it
is when words are employed. For example, there is evidence
that directed forgetting effects are smaller for negative pictures
than for less arousing neutral pictures (e.g., Hauswald et al.,
2010; perhaps also Nowicka, Marchewka, Jednorog,
Tacikowski, & Brechmann, 2010) but equivalent to arousal-
matched neutral pictures (Yang et al., 2012). Although this
suggests that arousal, rather than valence, is responsible for
reducing intentional forgetting of negative pictures, Otani
et al. (2012) observed significant directed forgetting effects for
both neutral and positive pictures but not for negative pictures
that were arousal-matched to the positive pictures. This hints
that negative valence per se can also limit control over the
encoding of pictorial stimuli. But this interpretation is compli-
cated by the fact that Otani et al.'s pictures could be described
using only a single word or phrase. This was a motivated
feature that allowed them to test directed forgetting effects in
recall rather than recognition but makes it unclear whether
their findings reflect reduced encoding control over negative
pictures and/or reduced encoding control over their negative
verbal descriptors.

Having recently discovered that directed forgetting of hu-
man face stimuli is unaffected by whether those faces display
angry, neutral, or happy expressions (Quinlan & Taylor,
2014), we thought it worthwhile to further examine the ques-
tion of whether negative emotion limits the ability to inten-
tionally forget complex photographic images that have been
created to elicit an emotional response. Similar to faces, such
images are unlikely to rely primarily on verbal rehearsal and
encoding mechanisms; in contrast to faces, they are unlikely
to recruit specialised neural circuitry dedicated to their pro-
cessing (e.g., Kanwisher, McDermott, & Chun, 1997). Given
that the literature to date has produced mixed results, rather
than focus on determining whether there is an effect of emo-
tion on the magnitude of the directed forgetting for pictures,
our study expanded on the existing literature by determining
where such effects occur with respect to the component pro-
cesses that give rise to the behavioural measurement of direct-
ed forgetting.

The fact that the directed forgetting effect in behaviour is
measured as a relative difference in subsequent memory per-
formance for TBR and TBF items means that the magnitude

1 This does not necessarily include participants who are selected to serve as
Bnormal healthy controls^ in studies that target specialised populations. This is
because control group participants are often selected based on exclusion
criteria (such as not having a history of the disorder or individual differences
variable of interest) or on inclusion criteria (such as being low on a clinical
measure, trait, or individual differences variable of interest) that do not other-
wise apply to the young adult samples that tend to be drawn from university
populations in the study of Bnormal^ cognition.
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of this effect can be impacted by a decrease in memory for
TBF items (known as the costs of directed forgetting) and/or
an increase in memory for TBR items (known as the benefits
of directed forgetting; see MacLeod, 1998; Sahakyan &
Foster, 2009). Comparing directed forgetting effects across
emotional stimuli thus confounds separable effects that emo-
tion could potentially have on the underlying costs and bene-
fits: Even apparently equivalent overall directed forgetting
effects for negative and neutral pictures could be due to dif-
ferent effects of emotion on the constituent processes.

Separating the directed forgetting effect into costs and ben-
efits necessarily depends on finding an appropriate baseline
measure against which to assess costs to TBF items and ben-
efits to TBR items (see Jonides & Mack, 1984, for a
discussion of similar issues in separating costs and benefits
of attentional cueing effects). This is usually accomplished by
testing subsequent memory in a separate group of participants
who are instructed to remember all of the study items rather
than only half (see Sahakyan & Foster, 2009; Taylor &
Fawcett, 2012). The costs of directed forgetting are defined
as the difference in subsequent memory performance for TBF
items under the typical directed forgetting manipulation (here-
after referred to as the forget-half group) compared to the
remember-all group. The notion is that success in forgetting
according to intention will be reflected in the Bcost^ to mem-
ory for those items that participants were instructed to inten-
tionally forget—precisely because participants intentionally
limit the encoding of these items to memory. The benefits of
directed forgetting are defined as the difference in subsequent
memory performance for TBR items under the typical directed
forgetting manipulation (i.e., in the forget-half group), com-
pared to the remember-all group. A benefit occurs to the extent
that participants remember proportionally more TBR items in
the forget-half group than in the remember-all group. Note
that the terms costs and benefits are not evaluative but merely
reflect the impact of the memory instruction on performance,
with costs to TBF items due to the intention to forget and
benefits to the remaining TBR items due to their relative mo-
nopoly over processing resources for commitment to memory.

Whereas other published studies in the literature have
employed a between-subjects remember-all baseline (e.g.,
Sahakyan & Foster, 2009; Taylor & Fawcett, 2012), we
thought it would be preferable to have participants serve as
their own controls. Thus, in Experiment 1 we calculated costs
and benefits of directed forgetting for negative, neutral, and
positive pictures using a novel within-subjects comparison of
forget-half and remember-all performance. This was accom-
plished by dividing the study trials into two blocks. In one
block of trials, participants were instructed to remember a
random half of pictures of each emotional valence and to
forget the other half (hereafter, the forget-half condition). In
another block of trials, participants were instructed to remem-
ber all of the pictures (hereafter, the remember-all condition).

Ayes–no recognition test followed directly after each block of
trials; it intermixed the studied pictures from the immediately
preceding block of study trials with an equal number of un-
studied negative, neutral, and positive foil items.2 Although
we were primarily interested in the question of whether costs
and benefits are influenced differently by negative versus neu-
tral pictures, we included positive pictures to help distinguish
between the effects of negative valence per se versus height-
ened arousal.

To make contact with the wider literature, in Experiment
2 we adopted the more typical between-subjects method of
testing both a forget-half group and a remember-all group
(see also Sahakyan & Foster, 2009; Taylor & Fawcett,
2012). Participants in the forget-half group were shown
negative, neutral, and positive photographic pictures, one
at a time, each followed with equal probability by an in-
struction to remember or forget. Participants in the
remember-all group were presented with the same pictures
but were instructed to commit all items to memory.
Following the study trials, participants in both groups com-
pleted a yes–no recognition test in which they were asked
to distinguish studied items (irrespective of the memory
instruction) from unstudied negative, neutral, and positive
foil items.

Our primary goal in both experiments was to deter-
mine whether negative emotional valence impacts the
costs and/or benefits of directed forgetting relative to
neutral valence.

Experiment 1

Experiment 1 used a novel within-subjects design in which
participants studied negative, neutral, and positive pictures in
the context of both a forget-half condition and a remember-all
control condition.

Method

Participants

A total of 36 students from Dalhousie University participated
in Experiment 1. All participants were tested individually in a

2 Even though directed forgetting effects can also be obtained in recall tasks,
we opted for several reasons to test memory using a recognition task. First, our
complex pictorial stimuli were not necessarily amenable to, or distinguished
by, simple verbal labels or nonidiosyncratic descriptors. Second, by not requir-
ing participants to label or describe pictures, we also guarded against imposing
an encoding modality or strategy. Finally, the need to avoid ceiling effects in
recognition performance meant that we could present many more trials than
might otherwise be possible using a recall task, thus ensuring a wide sampling
of negative, neutral, and positive pictures and increasing generalisability of our
results.
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single session lasting about 60 minutes and received psychol-
ogy course credit in exchange for their participation. All par-
ticipants reported normal or corrected-to-normal vision and a
good understanding of the English language.

Stimuli and apparatus

PsyScope X (http://psy.ck.sissa.it; cf. Cohen, MacWhinney,
Flatt, & Provost, 1993) was used to conduct the experiment
on a 24-in. iMac computer (Mac OSX) with a standard
Macintosh Universal Serial Bus keyboard and Sony MDR-
XD100 stereo headphones. The stimuli were presented on a
uniformwhite field. The experiment instructions as well as the
fixation point (B+^) that were presented at the beginning of
each trial in the study blocks were printed in black Times New
Roman font. In both the study and test blocks, the coloured
photographic stimuli were presented in the center of the com-
puter monitor within an invisible port measuring 8° × 7° of
visual angle, as measured from a distance of 57 cm. The
memory instructions consisted of high-frequency and low-
frequency tones (1170 Hz and 260 Hz, respectively) played
over the headphones. At recognition, responses were
displayed in the bottom center of the computer monitor within
in a black six-point rectangle measuring 3° × 2° of visual
angle.

A total of 288 photographic stimuli were drawn from the
International Affective Picture System (IAPS) database and
were categorised into three groups of 96 pictures each, based
on reported ratings of emotional valence (Lang, Bradley, &
Cuthbert, 2005). Our groupings are referenced in Appendix A
according to the numerical picture identity used to name each
photograph in the IAPS database. Where the original database
includes ratings of valence on a 1-point to 9-point scale, with 1
representing negative valence and 9 representing positive va-
lence, we performed a one-way analysis of variance
(ANOVA) to confirm that our three picture collections dif-
fered significantly, F(1, 95) = 1693.98, MSE = .25, p < .01.
The valence rating for negative pictures (M = 2.92, SD = 0.58)
was significantly lower than for neutral pictures (M = 4.97, SD
= 0.34), t(95) = 29.47, p < .01, which was significantly lower
than for positive pictures (M = 7.11, SD = 0.57), t(95) = 32.02,
p < .01. There were also differences in the overall levels of
arousal, F(1, 95) = 141.25, MSE = 0.71, p < .01. Given that
highly arousing positive pictures tend to contain graphic sex-
ual content and were therefore deemed inappropriate to use in
this study, our collection of negative pictures (M = 5.26, SD =
0.83) were not only significantly more arousing than the neu-
tral pictures (M = 3.27, SD = 0.71), t(95) = 17.21, p < .01, they
were also significantly more arousing than the positive pic-
tures (M = 4.61, SD = 0.98) t(95) = 5.08, p < .01. Importantly,
the positive pictures were nevertheless significantly more
arousing than the neutral pictures, t(95) = 11.32, p < .01.

Even though we were not primarily interested in the effects
of positive pictures on directed forgetting and could not per-
fectly equate their arousal levels with those of the negative
pictures, we included the positive stimuli to help distinguish
effects of valence from effects of arousal. By including posi-
tive pictures that were more arousing than the neutral pictures
(even if not as arousing as the negative pictures), we could
distinguish effects of valence from effects of arousal on the
following bases.We could posit a role for negative valence per
se to the extent that the negative pictures produced results
different from the neutral pictures while at the same time the
positive pictures (despite being relatively more arousing) pro-
duced results similar to the neutral pictures. Conversely, we
could posit a role for arousal to the extent that the positive and
negative pictures—both of which were more arousing than the
neutral pictures—produced results similar to one another and
different from the neutral pictures.

Prior to collecting data from each participant, custom soft-
ware was used to randomly divide each of the 96 negative, 96
neutral, and 96 positive pictures into unique subsets. For the
forget-half condition, 16 negative, 16 neutral, and 16 positive
pictures were presented as TBR items in the study block; 16
negative, 16 neutral, and 16 positive pictures were presented
as TBF items in the study block; and 32 negative, 32 neutral,
and 32 positive pictures were presented as unstudied foils in
the test block. For the remember-all condition, 16 negative, 16
neutral, and 16 positive pictures were to be committed to
memory in the study block; 16 negative, 16 neutral, and 16
foil pictures were presented as unstudied foils in the test block.
In this way, every negative, neutral, and positive item had
equal opportunity to be presented as a TBR item, a TBF item,
a remember-all item (dummy coded as TBR or TBF), a foil to
the forget-half study items, and a foil to the remember-all
study items. We performed this randomisation anew before
every participant to ensure unique stimulus combinations
across our conditions.

Procedure

Following informed consent, participants were presented with
verbal instructions that were later reiterated on the computer
monitor. Because condition was defined by whether the study
trials intermixed TBR and TBF items (forget half) or else
presented only TBR items (remember all), it was necessary
to block these conditions at study. We elected to likewise
block the recognition test trials such that each test was pre-
sented immediately after the corresponding study phase. This
was intended to encourage participants to rehearse only TBR
items from the given block rather than cumulatively rehears-
ing TBR items across both blocks, as would likely happen if
both study blocks were presented before recognition was test-
ed for either. Thus, participants were informed that they were
going to be presented with a block of study trials, followed by
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a recognition test, and then by a second block of study trials,
followed by another recognition test. They were informed that
each recognition test pertained only to the immediately pre-
ceding study block.

Participants were told that each trial in a study block would
begin with a small B+^ at the centre of the computer monitor,
and that this would be replaced by a picture to which they
needed to attend. After each picture disappeared, they were
informed that they would hear a tone played over the head-
phones. Half of the participants were presented with the
forget-half condition before the remember-all condition; this
order was reversed for the other half of the participants. For
half of the participants within each block order (i.e., forget
half/remember all, remember all/forget half), the high-
frequency tone served as the instruction to remember and the
low-frequency tone served as the instruction to forget; the tone
designation was reversed for the other half of participants. In
the remember-all condition, the same tone used as the instruc-
tion to remember in the forget-all condition followed the study
picture on every trial (e.g., if a high tone designated a TBR
picture and a low tone designated a TBF picture in the forget-
half condition, a high tone was presented on every trial of the
remember-all condition); this was done to ensure that the tone
was used consistently across both blocks of study trials.

Familiarisation phase To familiarise participants with the
high and low tones and their associated meanings, 10
familiarisation trials preceded the first study block. Five trials
presented the high tone and five trials presented the low tone;
these trials were intermixed randomly. On each familiarisation
trial, a verbal descriptor of the memory instruction appeared
for 3,000 ms. Following a 2,000 ms delay, the corresponding
tone was played through the headphones for 400 ms.

Study Block 1 Following the last trial in the familiarisation
phase, participants were presented with instructions to de-
scribe the nature of the upcoming study block and then with
either the forget-half block of study trials or the remember-all
block of study trials. At the start of each trial in the study
block, the computer monitor remained blank for 800 ms.
Then, the fixation stimulus (B+^) appeared in the middle of
the computer monitor and remained visible for 1,000 ms. This
fixation stimulus was removed simultaneously with the ap-
pearance of a negative, neutral, or positive picture, which
remained visible for 1,000 ms. The monitor was cleared for
200 ms, and then either a high or low tone played for 400 ms
over both channels of the stereo headphones. For the forget-
half condition, tone selection was determined by whether the
randomly selected item was part of the TBR or TBF picture
set; for the remember-all condition, tone selection on every
trial corresponded with the remember instruction (i.e., accord-
ing to the counterbalancing of high and low tones to remember
and forget instructions across participants). The tone was

followed by a 1,400 ms intertrial interval during which the
computer monitor remained blank. The total duration of each
study phase trial was 4,800 ms.

Test Block 1 Immediately following the end of the first study
block, participants were presented with instructions for com-
pleting a yes-no recognition test. These instructions remained
visible at the top of the computer monitor throughout the test
block.

The test block presented the negative, neutral, and positive
pictures from the immediately preceding study block, ran-
domly intermixed with an equal number of unstudied nega-
tive, neutral, and positive foil pictures. Pictures were present-
ed one at a time in the middle of the computer monitor.
Participants were instructed to indicate whether or not they
recognised the picture from the study phase, irrespective of
the associated memory instruction in the case of the forget-
half condition. The participant provided a yes or no response
by depressing the y or n key on the computer keyboard, re-
spectively. The response appeared in a black outline text box
displayed in the lower half of the computer monitor. Keyboard
input could be self-corrected by depressing the delete key and
reentering a response. Participants depressed the spacebar to
accept the keyboard input, clear the text box, and proceed to
the next trial. There was no time limit for inputting a response.

Study Block 2 After completing their first test block, partic-
ipants completed whichever study block had not already been
presented. None of the pictures in the second study block had
been presented in the first study block or as foils in the first test
block.

Test Block 2 Participants then completed a second yes-no
recognition task that intermixed negative, neutral, and positive
pictures from the second study block with an equal number of
unstudied negative, neutral, and positive foil pictures. None of
the foil items presented in the second test block had been
presented in either of the study blocks or in the first test block.

Data analysis Trial data were collated using R Studio 1.0.143
running R 3.4.0 (R Core Team, 2017). Various R packages
were utilised, including plyr (Wickham, 2011), dplyr
(Wickham & Francois, 2016), tidyr (Wickham, 2017b), and
stringr (Wickham, 2017a). We used the R package ez 4.4-0
(Lawrence, 2016) to calculate descriptive statistics (ezStats)
and within-subjects analyses of variance (ezANOVA), and to
create plots (ezPlot) that were subsequently modified using
ggplot2 (Wickham, 2009).

Unlike null hypothesis testing which can only reject or
fail to reject a null hypothesis, a Bayesian approach
allowed us to compare the weight of evidence that our data
provided in support of the null hypothesis versus the alter-
native hypothesis (see Kruschke & Liddell, 2017). As
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such, we used the output from ezANOVA to generate a
Bayesian information criterion (BIC) approximation to
Bayesian posterior probabilities according to the method
described by Masson (2011). We accomplished this by
implementing in R the formulae contained in the spread-
sheet that Masson provided as supplementary material. We
will use the convention pH0 to refer to the approximated
posterior probability of the null hypothesis given the data
and pH1 to refer to the approximated posterior probability
of the alternative hypothesis of a nonzero effect. Using
Masson’s method, the values of pH0 and pH1 sum to 1.
Thus, values of pH0 = pH1 = 0.50 are interpreted as pro-
viding support for neither hypothesis. Increasing support
for one hypothesis over the other occurs as the correspond-
ing probability approaches one (and, conversely, as the
other probability approaches zero). In this way, decisions
are not binary but relative: We can determine how much
support our data provide for a nonzero effect versus how
much support they provide for the null hypothesis of no
effect. To reduce redundancy in our reporting and in light
of the fact that pH0 and pH1 sum to 1, we will report only
the larger of the two probabilities. Because it is wordy to
describe pH0 > 0.50 in terms of Bsupport for the null hy-
pothesis of no effect,^ we will describe our results in terms
of support for an effect when H1 is the larger probability
(i.e., pH1 > 0.50) and against an effect when H0 is the
larger probability (i.e., pH0 > 0.50). To relate our decisions
for or against an effect of interest, we will apply verbal
descriptors using the conventions recommended by
Raftery (1995), where probabilities 0.50–0.75 provide
weak evidence; probabilities 0.75–0.95 provide positive
evidence; probabilities 0.95–0.99 provide strong evidence;
and, probabilities >0.99 provide very strong evidence.

Results

A hit was defined as a yes response to TBR and TBF items
(actual or dummy coded); a false alarm was defined as a yes
response to unstudied foil items. These data are shown in
Table 1 for the forget-half and remember-all conditions, as a
function of emotion. To provide a measure of recognition
accuracy corrected for guessing, we subtracted on a subject-
by-subject basis the mean proportion false alarms from the
mean proportion TBR and TBF hits, separately for each com-
bination of emotion (negative, neutral, positive) and condition
(forget half, remember all).3 The mean corrected hit rates are
shown in Fig. 1.

Before proceeding to our primary analyses, we first
analysed corrected hit rates in the remember-all control
condition, as a function of emotion (negative, neutral, pos-
itive). This analysis revealed strong evidence against an
effect of emotion, pH0 = 0.96. This indicates that in a
block that required participants to commit all items to
memory, there was no inherent advantage for recognizing
emotional pictures compared to neutral pictures. In other
words, there was no evidence of emotional memory
enhancement.

We then analysed the corrected hit rates in the forget-half
group, as a function of memory instruction (TBR, TBF) and
emotion (negative, neutral, positive). This analysis provided
very strong evidence for an effect of memory instruction, pH1
> 0.99, consistent with an overall directed forgetting effect
(i.e., better memory for TBR than TBF items). However, there
was strong evidence against a main effect of emotion, pH0 =
0.98, and strong evidence against an interaction of memory
instruction and emotion, pH0 = 0.96. In other words, there
was a robust directed forgetting effect in the forget-half con-
dition (i.e., better recognition of TBR than TBF items), the
magnitude of which was not influenced by emotion.

To examine costs to memory of instructing participants to
forget half of the items they were later asked to recognise, we
analysed the corrected recognition hits for TBF items (actual
or dummy coded) as a function of condition (forget-half, re-
member-all) and emotion (negative, neutral, positive). Our
data provided very strong evidence for a difference in overall
accuracy as a function of condition, with TBF items
recognised at a higher rate when these were dummy-coded tri-
als from the remember-all condition than when they were
items that participants were actually instructed to forget,
pH1 > 0.99. There was, however, strong evidence against an
effect of emotion on TBF item recognition, pH0 = 0.97, and
against an interaction of group and emotion, pH0 = 0.98. In
other words, there were costs to memory of being instructed to
forget items that participants were later asked to recognise
(i.e., TBF items showed overall lower recognition in the
forget-half condition than in the remember-all condition),
but these costs did not vary by emotion.

To assess benefits, we analysed corrected recognition hits
for TBR items (actual or dummy coded) as a function of
condition (forget half, remember all) and emotion (negative,
neutral, positive). Our data provided positive evidence against
an effect of condition, pH0 = 0.86, indicating that there were
no benefits to TBR item recognition. There was also strong
evidence against an effect of emotion on TBR item recogni-
tion, pH0 = 0.96, and strong evidence against an interaction of
condition with emotion, pH0 = 0.98. In other words, there
were no overall memory benefits for the TBR items as a result
being allowed to forget half of the studied items versus having
to remember them all, and no influence of emotion on
benefits.

3 There were not any systematic differences in false alarm rates as a function of
condition and/or emotion. Indeed, an analysis of false alarm rates revealed
positive evidence against a difference in false alarms across condition, pH0
= 0.86, strong evidence against an effect of emotion, pH0 = 0.97, and strong
evidence against an interaction of emotion with condition, pH0 = 0.98.
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Discussion

The forget-half condition of Experiment 1 revealed an overall
directed forgetting effect, demonstrating the ability of partici-
pants to flexibly control the contents of memory even when
studied items are complex photographic images (e.g.,
Hauswald & Kissler, 2008). The magnitude of our directed
forgetting effect (i.e., the difference in corrected hit rates for
TBR and TBF items) did not differ as a function of negative
(0.12), neutral (0.14), and positive (0.10) emotion. Notably,
Quinlan et al. (2010) demonstrated that the magnitude of the
directed forgetting tends to be smaller for pictures than for
words: Whereas their presentation of concrete nouns at study
produced a directed forgetting effect of 0.20, this effect was
reduced to 0.12 when simple coloured line drawings that
depicted those nouns were studied instead. Our average direct-
ed forgetting effect of 0.12 was numerically identical to that
obtained for line drawings in the Quinlan et al. (2010) study.

This suggests that the visual complexity of our pictures did not
produce a smaller directed forgetting effect relative to simple
line drawings. Even so, there might have been relatively little
latitude for emotion to modulate the overall magnitude of the
directed forgetting effect (apart perhaps from producing a null
effect, which did not happen). Indeed, this is a potential lim-
itation that applies to all manipulations aimed at influencing
directed forgetting effects for pictorial stimuli (see Quinlan
et al., 2010, for further discussion of this issue).

Regardless of potential differences (or lack thereof) in the
magnitude of the directed forgetting effect for negative versus
neutral pictures, our primary goal was to determine whether
negative emotion influences the relative contributions of costs
and benefits to the directed forgetting effects that are mea-
sured. On this our results were clear. Experiment 1 demon-
strated that our recognition results were comprised entirely of
costs without benefits (i.e., relatively impaired recognition of
TBF items with no benefit for the recognition of TBR items).
Interestingly, the pattern of costs without benefits was consis-
tent across all three emotions: There was no compelling evi-
dence that similar magnitude directed forgetting effects for
negative, neutral, and positive pictures was due to different
effects on underlying component processes.

Although our conclusion is that negative emotion therefore
has no obvious impact on the directed forgetting effect or its
underlying components, one might question this claim given
that there was no memory enhancement for negative pictures
in the remember-all control condition. We do not view the lack
of memory enhancement as especially concerning, for reasons
that we will explain in the General Discussion. Nevertheless,
we acknowledge that seeking an effect of negative emotion on
directed forgetting is predicated on the view that–compared to
neutral pictures–negative pictures tend to be more easily re-
membered, and might therefore be less easily forgotten.
Under this view, memory enhancement for negative items
would seem to be a prerequisite for seeking effects of negative
emotion on directed forgetting.

To determine whether our failure to observememory enhance-
ment for negative pictures was due to contamination of the
remember-all condition by the forget-half condition, we repeated
our analysis of remember-all performance but only using data
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Fig. 1 Experiment 1. Corrected hit rates on the recognition test for each
emotion (negative, neutral, positive) as a function of memory instruction
(TBR, TBF) and condition (forget half, remember all). The TBR and TBF
memory instructions for the remember-all condition were dummy coded
and are interchangeable. Directed forgetting is revealed within the forget-
half condition (circles) by comparing performance for TBR and TBF
items. Benefits are determined by comparing TBR item recognition for
the forget-half (circles) and remember-all (triangles) conditions. Costs are
determined by comparing TBF item recognition for the forget-half
(circles) and remember-all (triangles) conditions. Error bars depict
Fisher’s least significant difference for the plotted effect. TBR = to be
remembered; TBF = to be forgotten

Table 1 Experiment 1:Mean proportion hit rates to to-be-remembered (TBR) and to-be-forgotten (TBF) items andmean proportion false alarms to foil
items, as a function of emotion (negative, neutral, positive) and condition (forget half, remember all)

Negative Neutral Positive

TBR TBF Foil TBR TBF Foil TBR TBF Foil

Forget half 0.826
(0.005)

0.694
(0.006)

0.071
(0.002)

0.841
(0.005)

0.699
(0.006)

0.074
(0.002)

0.807
(0.005)

0.711
(0.006)

0.061
(0.003)

Remember all 0.814
(0.006)

0.826
(0.006)

0.071
(0.003)

0.841
(0.005)

0.864
(0.006)

0.072
(0.003)

0.821
(0.006)

0.850
(0.005)

0.066
(0.003)

Numbers in parentheses are the standard error of the mean
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from participants who completed this condition first. Restricting
our analysis did not change the result: Even when it was complet-
ed first, there continued to be positive evidence against an effect of
emotion on overall recognition accuracy in the remember-all con-
dition, pH0 = 0.87. This compels the conclusion that when par-
ticipants were instructed to commit all study items to memory,
there was no evidence of better subsequent recognition of nega-
tive compared to neutral (and positive) pictures.

Given that Experiment 1 used a novel within-subjects de-
sign that required participants to complete both the forget-half
and remember-all conditions, it seemed prudent to determine
whether the same results would hold using a more typical
between-subjects design. That was the goal of Experiment 2.
Again, we were primarily interested in determining whether
negative emotion impacts the costs and benefits of directed
forgetting. But, as a prelude to this, we also assessed whether
there was evidence for emotional enhancement when partici-
pants in a separate remember-all group were only ever re-
quired to commit all items to memory.

Experiment 2

Experiment 2 was conceptually identical to Experiment 1,
except that different participants participated in forget-half
and remember-all groups.

Method

Participants

A total of 60 students fromDalhousie University participated in
the current study. They were assigned to one of the two groups:
A forget-half group or a remember-all group. The intention was
to run 30 participants in each group; however, an error led to
data being collected from a total of 29 participants in the forget-
half group and 31 in the remember-all group. To balance the
sample sizes, we excluded from all analyses those data collect-
ed from the last two participants in the remember-all group; this
equated both groups to n = 29. All participants were tested
individually, in a single session lasting about 45 minutes, and
received psychology course credit in exchange for their partic-
ipation. All participants reported normal or corrected-to-normal
vision and a good understanding of the English language.

Stimuli and apparatus

The stimuli and apparatus were as described for Experiment 1,
except that the distribution of stimuli was changed to accom-
modate our use of a between-subjects design. Prior to
collecting data from each participant, custom software was
used to randomly subset the 96 negative, 96 neutral, and 96
positive pictures. A total of 24 negative, 24 neutral, and 24

positive pictures were designated as TBR items; 24 negative,
24 neutral, and 24 positive pictures were designated as TBF
items; and 48 negative, 48 neutral, and 48 positive pictures
were designated as unstudied foil items. In this way, every
negative, neutral, and positive picture had equal opportunity
to be presented as a TBR item, a TBF item, or a foil item, in
both the forget-half and remember-all groups. We performed
this randomisation anew before every participant to ensure
unique stimulus combinations across our conditions.

Procedure

The procedure was as described for Experiment 1, with the
following exceptions. Participants in the remember-all group
were presented with the same high and low tones that were
presented to the forget-half group, rather than only with a single
high or low tone. The only difference is that these tones were
given no associated memory instruction in the remember-all
group; instead, these tones were described as Balerting tones^
and participants were instructed to commit all pictures to mem-
ory. Just as the assignment of high and low tones to TBR and
TBF items was counterbalanced across participants in the
forget-half group, assignment of high and low tones to dummy
coded BTBR^ and BTBF^ trials was counterbalanced across
participants in the remember-all group. Thus, for half of the
remember-all group, high-tone trials were dummy coded as
TBR and low-tone trials were dummy coded as TBF; this map-
ping of tone to dummy code was reversed for the other half of
participants in the remember-all group.

Familiarisation phase Familiarisation trials were as de-
scribed for Experiment 1, except that no familiarisation trials
were presented to the remember-all group, given that there
was no tone-to-instruction mapping that they needed to learn.

Study phase There were a total of 144 study trials consisting of
the random presentation of 48 negative, 48 neutral, and 48
positive pictures. Tone selection was determined by whether
the randomly selected item was part of the TBR or TBF picture
set and according to the counterbalancing of high and low tones
to remember and forget instructions across participants. The
stimulus and timing events were as described for Experiment 1.

Test phase Immediately following the presentation of all
study phase trials, participants were presented with a yes–no
recognition test. Instructions for this memory test appeared at
the top of the computer monitor and remained visible through-
out the duration of this phase. The test phase consisted of a
total of 288 trials comprised of the random intermixing of the
48 negative, 48 neutral, and 48 positive pictures that had been
presented at study and the 48 negative, 48 neutral, and 48
positive pictures that served as unstudied foils. The stimulus
and timing events were as described for Experiment 1.
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Data analysis Data were analysed as described for
Experiment 1.

Results

A hit was defined as a yes response to TBR and TBF items
(actual or dummy- coded); a false alarm was defined as a yes
response to unstudied foil items. The mean proportion hit and
false alarm rates for each group are shown in Table 2 as a
function of memory instruction and emotion. To provide a
measure of recognition accuracy corrected for guessing, we
subtracted on a subject-by-subject basis the mean proportion
false alarms from the mean proportion TBR and TBF hits,
separately for each emotion (negative, neutral, positive).4

The mean corrected hit rates are shown in Fig. 2.
Before proceeding to our primary analyses, we first

analysed corrected hit rates in the remember-all control group,
as a function of emotion (negative, neutral, positive). This
analysis revealed strong evidence for an effect of emotion,
pH1 = 0.96, with overall higher memory accuracy in the
remember-all group for negative (M = 0.66) and positive (M
= 0.68) pictures than for neutral pictures (M = 0.62). Thus, in
contrast to Experiment 1, the results of Experiment 2 revealed
emotional memory enhancement in the remember-all control
group.

We then analysed the corrected hit rates in the forget-half
group, as a function of memory instruction (TBR, TBF) and
emotion (negative, neutral, positive). This analysis provided
very strong evidence for an effect of memory instruction, pH1
> 0.99, consistent with an overall directed forgetting effect
(i.e., better memory for TBR than TBF items). However, there
was weak evidence against a main effect of emotion, pH0 =
0.70, and strong evidence against an interaction of memory
instruction and emotion, pH0 = 0.97. In other words, there
was a robust directed forgetting effect in the forget-half

condition (i.e., better recognition of TBR than TBF items),
the magnitude of which was not influenced by emotion.

To examine the costs to memory of instructing participants
to forget half of the items they were later asked to recognise,
we analysed corrected hit rates for TBF items (actual or dum-
my coded), as a function of group (forget half, remember all)
and emotion (negative, neutral, positive). Our data provided
positive evidence for a difference in recognition accuracy,
with greater recognition when these items were dummy-
coded trials from the remember-all group, compared to when
they were trials that participants were actually instructed to
forget in the forget-half group, pH1 = 0.93. There was also
positive evidence for an effect of emotion on TBF item rec-
ognition, pH1 = 0.90: Collapsed across the remember-all and
forget-half groups, recognition accuracy for TBF items was
overall higher for positive items (M = 0.61) compared to neg-
ative (M = 0.57) and neutral (M = 0.58) items. Critically, for
present purposes, there was strong evidence against an

Table 2 Experiment 2:Mean proportion hit rates to to-be-remembered (TBR) and to-be-forgotten (TBF) items andmean proportion false alarms to foil
items, as a function of emotion (negative, neutral, positive) and group (forget half, remember all)

Negative Neutral Positive

TBR TBF Foil TBR TBF Foil TBR TBF Foil

Forget half 0.735
(0.007)

0.570
(0.006)

0.086
(0.002)

0.757
(0.007)

0.568
(0.007)

0.082
(0.002)

0.721
(0.006)

0.568
(0.006)

0.033
(0.002)

Remember all 0.788
(0.005)

0.757
(0.004)

0.111 (0.005) 0.722
(0.006)

0.732
(0.006)

0.110
(0.005)

0.719
(0.005)

0.756
(0.004)

0.058
(0.004)

Numbers in parentheses are the standard error of the mean

4 As can be seen in Table 1, false alarms appeared to be influenced by emotion,
with overall fewer false alarmsmade to positive pictures than to either negative
or neutral pictures. Indeed, an analysis of false alarms as a function of group
and emotion provided positive evidence against an effect of group, pH0 =
0.83, but very strong support for an effect of emotion, pH1 > 0.99, and very
strong evidence against an interaction of group and emotion, pH0 > 0.99.
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Fig. 2 Experiment 2. Corrected hit rates on the recognition test for each
emotion (negative, neutral, positive) as a function of memory instruction
(TBR, TBF) and group (forget half, remember all). The TBR and TBF
memory instructions for the remember-all group were dummy coded and
are interchangeable. Directed forgetting is revealed within the forget-half
group (circles) by comparing performance for TBR and TBF items.
Benefits are determined by comparing TBR item recognition for the
forget-half (circles) and remember-all (triangles) groups. Costs are deter-
mined by comparing TBF item recognition for the forget-half (circles)
and remember-all (triangles) groups. Error bars depict Fisher’s least
significant difference for the plotted effect. TBR = to be remembered;
TBF = to be forgotten
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interaction of group and emotion, pH0 = 0.99. In other words,
there were costs to memory of being instructed to forget items
that participants were later asked to recognise (i.e., TBF items
showed overall lower recognition in the forget-half group than
in the remember-all group), but these costs did not vary by
emotion.

To examine benefits to memory of allowing participants to
forget half of the study items, we analysed corrected hit rates
for TBR items (actual or dummy coded) as a function of group
(forget half and remember all) and emotion (negative, neutral,
positive). This analysis revealed positive evidence against an
effect of group, pH0 = 0.88. This argues against overall ben-
efits in recognition for the forget-half group compared to the
remember-all group: TBR item recognition did not benefit
from participants being required to commit only half—rather
than all—of the study items to memory. There was also pos-
itive evidence against an effect of emotion on TBR item rec-
ognition, pH0 = 0.94, and weak evidence against an interac-
tion of group with emotion, pH0 = 0.65. In other words, across
the three emotions, being allowed to forget half of the studied
items conferred no compelling evidence of benefits to subse-
quent memory for the TBR items.

Discussion

Similar to the findings of Experiment 1, performance in the
forget-half group of Experiment 2 revealed an overall directed
forgetting effect for complex photographic images. The mag-
nitude of this directed forgetting effect (i.e., the difference in
corrected hit rates for TBR vs. TBF pictures) was 0.16 for
negative pictures, 0.19 for neutral pictures, and 0.15 for pos-
itive pictures, for an average of 0.17. To understand how these
values compared to Experiment 1, we calculated the directed
forgetting effect on a subject-by-subject basis in the forget-
half condition of Experiment 1 and in the forget-half group
of Experiment 2. These directed forgetting effects were then
analysed with experiment as a between-subjects factor and
emotion as a within-subjects factor (negative, neutral, posi-
tive). There was weak evidence against a main effect of
Experiment, pH0 = 0.74, strong evidence against an effect of
emotion, pH0 = 0.97, and very strong evidence against an
interaction of experiment and emotion, pH0 > 0.99. In other
words, Experiment 1 and Experiment 2 produced similar mag-
nitude directed forgetting effects, with no evidence of modu-
lation by emotion.

As was true for Experiment 1, the directed forgetting effect
in recognition was comprised entirely of costs without bene-
fits (i.e., relatively impaired recognition of TBF items with no
benefit in the recognition of TBR items). Again, the pattern of
costs without benefits held across all three emotions: There
was no evidence of different component processes underlying
the directed forgetting effects for negative, neutral, and posi-
tive pictures.

Unlike in Experiment 1, when participants in Experiment 2
only ever had to commit all items to memory (i.e., the
remember-all group), they showed greater recognition of both
negative and positive pictures compared to neutral pictures.
Despite this emotional enhancement effect in Experiment 2
but not in Experiment 1, the overall pattern of results with
respect to the effects of emotion on the costs and benefits of
directed forgetting was the same in both experiments.

General discussion

Typically, directed forgetting effects are measured as a relative
difference in subsequent memory performance for TBR and
TBF items, without distinguishing the contributions of costs
(decreased memory for TBF items) from benefits (increased
memory for TBR items). Because the directed forgetting ef-
fect measures costs plus benefits, any changes in the magni-
tude of this effect can be due to changes in either or both
components (e.g., MacLeod, 1998; see Sahakyan & Foster,
2009). For this reason, we elected to examine directed forget-
ting effects for negative, neutral, and positive complex photo-
graphic pictures by including a within-subjects remember-all
control condition in Experiment 1 and a separate remember-all
control group in Experiment 2. Our data provided evidence of
costs without benefits in both experiments—attesting to the
fact that the directed forgetting effect was, in fact, due to
processes related to instantiating the intention to forget (i.e.,
the directed forgetting effects were due to worse TBF item
performance when participants were instructed to forget these
items, compared to when they were required to remember all
study items). Importantly, these costs without benefits oc-
curred across all three emotions, with no evidence that nega-
tive emotion limits the intentional forgetting of unwanted
items. While benefits in an item-method task may be obtained
using measures of recall (e.g., Sahakyan & Foster, 2009), our
experience suggests that they tend to be small and not very
robust for measures of recognition within an item-method
paradigm (see also Taylor & Fawcett, 2012). The current pat-
tern of costs without benefits is therefore not without
precedent.

Although we think it unlikely, it is possible that the absence
of significant benefits—particularly in Experiment 2—could
be due to the different tasks demands in the forget-half and
remember-all groups. Whereas participants in the remember-
all group had to simply attend to each picture and try to com-
mit it to memory without reference to the tone identity, partic-
ipants in the forget-half group were required to map the tone
(high or low frequency) onto the corresponding memory in-
tention. We did try to facilitate the tone mapping by providing
tone familiarisation trials to the forget-half group before pro-
ceeding with the experiment. Nevertheless, any benefit of
having to remember only half of the pictures in the forget-
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half group could conceivably have been reduced ormasked by
the additional task demand of having to interpret the tone and
enact the memory instruction. That said, the fact that we also
observed a pattern of costs without benefits in Experiment 1
makes this argument less tenable. This is because a consistent
tone-to-instruction mapping was used across both the forget-
half and remember-all conditions—the only factor that dif-
fered across blocks was whether the remember tone was re-
peated on only half the trials or on all of the trials. Moreover, if
relative difficulty of the forget-half tone mapping were re-
sponsible for reducing benefits, one might expect smaller ben-
efits when the forget-half block was completed first rather
than second (i.e., because when completed second, partici-
pants will have gained repeated exposure to the remember
tone in the preceding Remember-all condition, thus making
the tone mapping easier than if they had to complete the
forget-half condition first). To address this possibility, we sep-
arated our Experiment 1 data according to block order (i.e.,
forget half/remember all, remember all/forget half) and then
subtracted average corrected hit rates for TBR items in the
forget-half condition from corrected hit rates for dummy-
coded TBR items in the remember-all condition. This subtrac-
tion revealed benefits that were numerically larger for partic-
ipants who completed the forget-half condition first (M =
0.05), than for participants who completed the forget-half con-
dition second (M = −0.05).We are thus inclined to believe that
there were, in fact, costs without benefits across all three emo-
tions and that this was not due to relative difficulty in
performing the tone-to-instruction mapping on the forget-
half trials. In short, the equivalent directed forgetting effects
obtained across all three emotions was due to similar under-
lying processes, related to the successful instantiation of the
forget instruction.

As we have already noted, there was no consistent effect
of emotion on recognition accuracy when participants were
required to remember all pictures: In the remember-all con-
trol condition of Experiment 1, there was evidence against
an effect of emotion; in the remember-all control group of
Experiment 2, recognition accuracy was higher for both
negative and positive pictures compared to neutral pic-
tures. We understand that an expectation of emotion-
enhanced memory has driven much of the interest in un-
derstanding the effects of emotion on directed forgetting.
However, a strong expectation of consistent emotion-
enhanced memory might be misguided. Dougal and
Rotello (2007) argue that a response bias is more likely
to explain emotion-enhanced memory for recognition than
changes in item discriminability. Although their conclu-
sion is based on a study of emotional word recognition, it
suggests skepticism in expecting a robust effect of emotion
on remember-all picture recognition in the present study.

Moreover, even when emotional enhancement does occur,
it may reflect processes that enhance memory consolida-
tion (see LaBar & Cabeza, 2006; Talmi, 2013) over longer
intervals than tested here (e.g., Buchanan & Lovallo, 2001;
Dolcos, LaBar, & Cabeza, 2005; Kleinsmith & Kaplan,
1963; LaBar & Phelps, 1998; Sharot & Phelps, 2004).
Consolidation processes that unfold over time would not
necessarily impact control over initial encoding and be
detectable at the relatively short retention intervals that
we tested. Nevertheless, it would seem worthwhile for fu-
ture investigations to determine whether these consolida-
tion processes interact with the quality of encoded infor-
mation to magnify differences in directed forgetting effects
that are measured for negative, neutral, and positive pic-
tures after retention intervals of hours or days. In any case,
the present findings are clear that—at least over the reten-
tion intervals that we tested—there seems to be no contin-
gent relationship between emotional memory enhancement
on the one hand and intentional forgetting on the other.
Despite emotion-enhanced memory in the remember-all
group of Experiment 2 but not in the remember-all condi-
tion of Experiment 1, both experiments provided evidence
against an effect of emotion on directed forgetting. This
suggests that even when emotional pictures are more likely
to be remembered, they are not less likely to be forgotten.

Equivalent directed forgetting effects across negative,
neutral, and positive pictures accords with other findings
from our lab, which showed equivalent directed forgetting
effects for human faces displaying angry, neutral, and hap-
py expressions (Quinlan & Taylor, 2014). Taken together,
these results underscore the considerable flexibility that
participants have in exerting cognitive control over
encoding and highlight their ability to limit unwanted
encoding of complex picture as well as human face stimuli,
regardless of emotional content or expression. That said,
our finding of directed forgetting effects for all levels of
emotion contrasts with others who have reported a failure
to find a significant directed forgetting effect for negative
pictures despite a significant directed forgetting effect for
neutral pictures (e.g., Hauswald et al., 2010). However,
this failure to find a directed forgetting effect for negative
pictures that are intermixed at study with neutral pictures
might not necessarily defy our conclusion that negative
pictures can, in fact, be intentionally forgotten at the same
rate as neutral (and positive) pictures. It seems possible
that in the context of a block of trials that otherwise pre-
sents only neutral pictures, arousing negative pictures be-
come relatively distinctive (e.g., Dewhurst & Parry, 2000;
Talmi, Luk, McGarry, & Moscovitch, 2007). High distinc-
tiveness can override intentions to forget at encoding (e.g.,
Hourihan & MacLeod, 2008; MacLeod & Daniels, 2000).
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Similarly, salient and unusual items tend to attract attention
and receive preferential processing (see Matthews & Meck,
2016), which could hinder the withdrawal of attention from
TBF negative pictures. By intermixing positively arousing
pictures with neutral and negatively arousing pictures in
our attempt to separate potential valence effects from
arousal effects, we also likely reduced the salience and
relative distinctiveness of the negative items (although
see, for example, Gallant & Dyson, 2016, for intermixing
of words that led to different magnitude directed forgetting
effects). In so doing, we determined that control over
encoding can, in fact, be successfully applied to negative
photographic images—at least when they are intermixed
with neutral and relatively arousing positive items. By
decomposing our results into costs and benefits, we further
demonstrated that these directed forgetting effects are due
specifically to costs that are incurred as a result of success-
fully enacting the intention to forget, rather than to benefits
that derive from the redirection of processing resources to
the remaining TBR items.

With that being said, this interpretation of our results is not
without an important caveat. We were primarily interested in
determining whether the parcelling of directed forgetting ef-
fects into costs and benefits would differ for negative and neu-
tral pictures. We included positive pictures in an attempt to
provide some control for different arousal levels between neg-
ative and neutral pictures. But this control was not perfect. Our
negative pictures were more arousing than our positive pic-
tures. On the one hand, the fact of similar magnitude costs
without benefits across all three levels of emotion—negative,
neutral, and positive—argues that differences in neither valence
nor arousal affected the component processes of the item-
method directed forgetting effect. On the other hand, even our
negative pictures had an average arousal rating of only 5.26 on
a 1-point to 9-point scale, on which 9 is maximally arousing.
We were primarily focused on a comparison of negative to
neutral pictures and so endeavoured to select pictures that were
as negative as ethical considerations would allow. Especially to
the extent that arousal plays a role in decreasing the directed
forgetting effect for negative pictures (e.g., Hauswald et al.,
2010), there is always the possibility that the directed forgetting
effect and its underlying components could be influenced by
more extreme manipulations of arousal than we employed.
Even so, we would argue that for the types of nonextreme
positively and negatively arousing images that people might
expect to encounter in their everyday lives—for example,
through entertainment or news media—there is a remarkable
ability to exert control over the contents of encoding. It remains
to be determined whether this is also the case for more extreme,
shocking, gory, graphic, horrifying, sexually explicit, or per-
sonally relevant emotional images.

This caveat notwithstanding, the notion that directed
forgetting effects for negative, neutral, and positive pic-
tures are attributable to successful instantiation of the for-
get instruction is an intriguing result in light of findings
reported by Yang et al. (2012). Using a paradigm very
similar to ours, Yang et al. (2012) measured event-related
potentials (ERP) during an item-method paradigm that pre-
sented arousal-matched negative and neutral pictures. In
the first 200–300 ms following a forget instruction there
was a larger negative deflection over frontal sites for neg-
ative than for neutral pictures. Linking this deflection to
the N2 component, they argued that instantiating a forget
instruction requires more effort for negative than for neu-
tral pictures (see also Nowicka et al., 2010). This was true
despite no significant interaction of emotion and memory
instruction in the analysis of subsequent recognition hit
rates. Together with our findings, this suggests that even
when an intention to forget leads to equivalent perfor-
mance across negative, neutral, and positive pictures there
may nevertheless be differences in the underlying effort
needed to achieve equivalent performance. This seems a
fruitful avenue for future investigation.

Conclusion

Regardless of whether additional effort must be exerted to
successfully forget negative compared to neutral (and/or pos-
itive) pictures, our results suggest that the end result in terms
of behavioural outcome is the same: Directed forgetting ef-
fects occur to the same extent whether participants are asked
to exert control over the encoding of complex negative, neu-
tral, or positive pictures. By separating directed forgetting ef-
fects into costs and benefits, we determined that the item-
method directed forgetting effect in recognition is due entirely
to decreased subsequent recognition of TBF items (costs),
rather than increased recognition of TBR items (benefits).
The fact that costs did not differ as a function of emotion
argues that underlying cognitive mechanisms are equally ef-
fective at intentionally forgetting unwanted negative, neutral,
and positive pictures
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