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A B S T R A C T

Stimuli appearing as visual distractors subsequently receive more negative affective evaluations than novel items
or prior targets of attention. Leading accounts question whether this distractor devaluation effect occurs through
evaluative codes that become associated with distractors as a mere artefact of attention-task instructions, or
through affective consequences of attentional inhibition when applied to prevent distractor interference. Here
we test opposing predictions arising from the evaluative-coding and devaluation-by-inhibition hypotheses using
an electrophysiological marker of attentional inhibition in a task that requires participants to avoid interference
from abstract-shape distractors presented while maintaining a uniquely-colored stimulus in memory. Consistent
with prior research, distractors that matched the colour of the stimulus being held in memory elicited a Pd
component of the event-related potential waveform, indicating that their processing was being actively
suppressed. Subsequent affective evaluations revealed that memory-matching distractors also received more
negative ratings than non-matching distractors or previously-unseen shapes. Moreover, Pd magnitude was
greater on trials in which the memory-matching distractors were later rated negatively than on trials preceding
positive ratings. These results support the devaluation-by-inhibition hypothesis and strongly suggest that
fluctuations in stimulus inhibition are closely associated with subsequent affective evaluations. In contrast, none
of the evaluative-coding based predictions were confirmed.

1. Introduction

Stimuli appearing as visual distractors subsequently receive more
negative affective evaluations than novel items or prior targets of
attention (Raymond et al., 2003). Such distractor devaluation effects
have been found across a wide range of attention tasks requiring
stimulus discrimination based on features, categories, spatial location,
or temporal position (e.g., Fenske et al., 2004; Goolsby et al., 2009b;
Kihara et al., 2011; Martiny-Huenger et al., 2014; Raymond et al.,
2005), and have been obtained with a variety of stimuli including
simple abstract patterns and shapes (e.g., Raymond et al., 2003),
alphabetic and logographic characters (e.g., Martiny-Huenger et al.,
2014; Veling et al., 2007), common objects (e.g., Griffiths and Mitchell,
2008), corporate brands (e.g., Duff and Faber, 2011), and human faces
(e.g., Raymond et al., 2005). The distractor devaluation effects in these
studies have been observed as changes in a number of different
subjective emotional judgments, including stimulus valence, likeability,
favorability, beauty, cheerfulness, dreariness, pleasantness, and trust-
worthiness.

1.1. The devaluation-by-inhibition hypothesis

The distractor devaluation effect has been taken as evidence that
attentional inhibition, presumably applied to prevent distractor inter-
ference, has negative affective consequences for associated stimuli (see
Fenske and Raymond (2006), Gollwitzer et al. (2014), Raymond (2009)
for reviews). Support for this devaluation-by-inhibition hypothesis has
come from both cognitive-behavioural and neuroimaging studies. The
cognitive-behavioural studies (e.g., Fenske et al., 2005, 2004; Raymond
et al., 2005) utilized experimental conditions that are considered to
vary in the level of inhibition required for successful task completion. In
subsequent evaluations, the stimuli in conditions thought to involve
greater inhibition consistently received more negative ratings than
those in conditions thought to involve less inhibition. The results of
Raymond et al. (2005) and Martiny-Huenger et al. (2014), for example,
both supported a key prediction arising from the devaluation-by-
inhibition hypothesis; namely, because distractors located close to a
target of selective attention have greater interference potential and are
therefore subjected to greater levels of inhibition than items further
away (Cutzu and Tsotsos, 2003; Hopf et al., 2006; Mounts, 2000), they
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should also subsequently receive more negative stimulus ratings than
distant distractors.

Other findings from a line of studies involving Go/No-go and Stop-
Signal tasks (Fenske et al., 2005; see Gollwitzer et al. (2014) for review;
Kiss et al., 2008; Wessel and O’Doherty, 2014) suggest that motor-
response inhibition also has deleterious consequences for associated
stimuli. This raises the possibility that stimulus devaluation results from
neurocognitive inhibition regardless of the specific processing level
(i.e., sensory/perceptual, response/action, memory/cognition, etc.) at
which it is applied. Converging support for this more general version of
the devaluation-by-inhibition hypothesis comes from experimental
paradigms designed to explore the inhibition of stimulus memories
(e.g., Think/No-think, Directed Forgetting), which have likewise pro-
vided results suggesting that stimuli whose memories have been
inhibited become affectively devalued (De Vito and Fenske, 2017;
Vivas et al., 2016, cf. Janczyk and Wühr, 2012). Taken together, the
cognitive-behavioural results obtained following a variety of manipula-
tions of attention-, response-, and memory-related inhibition broadly
support the hypothesis that cognitive processes of inhibition have
negative affective consequences for associated stimuli.

The devaluation-by-inhibition hypothesis has also received support
from the results of neuroimaging investigations into the affective
consequences of selective attention (Kiss et al., 2007) and response
inhibition (Doallo et al., 2012; Kiss et al., 2008) in tasks using visual
stimuli. Kiss et al.'s (2007) electroencephalography (EEG)-based ap-
proach, for example, involved an assessment of the N2pc component of
the event-related potential (ERP) waveform during periods in which
participants ignored a distractor while searching for a stimulus with a
pre-specified target feature. They found that differences in the emer-
gence of the N2pc component—widely considered to provide an index
of the efficiency with which attention was selectively allocated to a
target stimulus in the presence of visual distractors (e.g., Eimer, 1996;
Luck and Hillyard, 1994)—were linked to the magnitude of distractor
devaluation. The N2pc component on trials containing distractors that
subsequently received the most negative ratings emerged significantly
earlier than the N2pc on trials containing distractors that subsequently
received more positive ratings. To the extent that trial-by-trial varia-
tions in N2pc onset reflect the efficiency of attentional selection aided
by distractor inhibition (Luck and Hillyard, 1994), these results are
consistent with the notion that the level of attentional inhibition
applied to a distracting stimulus is linked to the magnitude of its
subsequent affective devaluation. Nevertheless, inhibition is not the
only factor that has been proposed as an explanation for the distractor
devaluation effect.

1.2. The evaluative coding hypothesis

A leading alternative to the devaluation-by-inhibition account of
distractor devaluation is Dittrich and Klauer's (2012) proposal, based on
Eder and Rothermund's (2008) evaluative coding principle, that prior
distractors are only rated more negatively than prior targets because of
evaluative codes that become associated with targets and distractors
solely through attention-task instructions. According to this perspec-
tive, merely instructing participants to seek, attend to, select, respond
to or otherwise accept some items (targets), and to ignore, avoid, or
otherwise reject other items (distractors) is sufficient to impact
subsequent ratings because of prior associations linking stimulus
approach to positive items and stimulus avoidance to negative items
(Chen and Bargh, 1999). Consistent with this view, Dittrich and Klauer
observed that stimulus ratings in two experiments were critically
affected by manipulations of the attention-task instructions that altered
the evaluative meaning of targets and distractors. Indeed, differences in
stimulus ratings in their studies were primarily linked to instruction-
driven connotations about which items were irrelevant and to-be-
rejected or relevant and to-be-accepted, rather than the actual atten-
tional status of a given item as a prior target or prior distractor as would

have been predicted by the devaluation-by-inhibition hypothesis.
In reconciling Kiss et al.'s (2007) electrophysiological findings

regarding a link between the N2pc component and distractor devalua-
tion with their evaluative-coding hypothesis, Dittrich and Klauer
(2012) argue that fluctuations in the efficiency of selective attention,
as reflected by N2pc latency, may impact how well targets and
distractors can be perceptually discriminated and therefore how likely
each could be clearly coded as something to-be-accepted or to-be-
rejected. Thus, the evaluative-coding account posits that the effects of
selective attention on subsequent stimulus ratings has nothing to do
with distractor inhibition and everything to do with the strength of the
association between each item and the evaluative codes that become
attached during the selection process. The strength of conclusions about
the specific link between distractor inhibition and affective devaluation
that can be drawn from Kiss et al.'s (2007) results has also been affected
by the emergence of findings that question the specific link between the
N2pc and distractor suppression. Indeed, there is growing consensus
that the N2pc component, while often emerging under conditions
involving distractor inhibition, is not itself an index of inhibition but
more directly related to enhanced processing of target information
(e.g., Mazza et al., 2009). Fortunately, other advances in cognitive-
electrophysiology include the identification of a marker that more
directly reflects distractor inhibition during selective attention (e.g.,
Hickey et al., 2009). This is known as the Pd component—a positive-
voltage deflection in the ERP waveform appearing 150–300 ms post-
stimulus over regions of visual cortex contralateral to the location of a
visual distractor—and is now widely thought to indicate the termina-
tion of attention to distracting stimuli and the active suppression of
their perceptual processing (see Sawaki and Luck (2014) for review).
The benefit of having this more direct neural index of distractor
inhibition is that it enables a more direct test of the devaluation-by-
inhibition hypothesis. We report the results of this test here, which we
conducted using a paradigm that was selected for its ability to
simultaneously provide an assessment of competing predictions arising
from the evaluative-coding and devaluation-by-inhibition hypotheses.

1.3. Tests of competing predictions

The experimental procedure used in our study is a modified version
of that developed by Sawaki and Luck (2011) to investigate the
potential involvement of attentional inhibition in protecting the con-
tents of visual working memory from the interfering effects of salient
distractors. The main task requires participants to first select one of two
visual stimuli and then maintain it in working memory throughout a
retention interval. This would allow them to accurately choose this
memorized item from a subsequent test display that includes the
original plus a rotated version of it. The ability to correctly remember
the item on these memory trials is complicated by the appearance of a
pair of task-irrelevant distractors during the retention interval—one on
each side of fixation. Moreover, the potential for interference is
increased by always having one of the distractors be the same colour
as the memorized item. While such memory-matching stimuli have
been shown to initially capture attention (e.g., Soto et al., 2005),
Sawaki and Luck found that their perceptual processing is ultimately
actively suppressed, as evidenced by a Pd contralateral to the memory-
matching distractor. This finding suggests that the level of suppression
required to prevent the memory-matching distractor from interfering
with the active contents of working memory was greater than that
required to prevent interference from the non memory-matching
distractor.

We adapted Sawaki and Luck's (2011) main experimental task to
incorporate affective evaluations of stimuli that had previously ap-
peared as either a memory-matching distractor or non-matching
distractor during a memory-retention interval. Beyond providing an
experimental context for assessing possible links between fluctuations
in an electro-cortical index of distractor inhibition and subsequent
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distractor ratings, the potential usefulness of this specific task concerns
the possible evaluative codes associated with the different types of
stimuli (Dittrich and Klauer, 2012; Eder and Rothermund, 2008). For
example, the memory-matching distractors in Sawaki & Luck's task
share a defining feature and are therefore quite similar to the to-be-
accepted and protected memory target. According to the account
proposed by Dittrich and Klauer (2012), anything indicated by the task
instructions as a to-be-accepted target should be coded as affectively
positive based on long-standing associations between behavioural
approach and positively-valenced stimuli (Chen and Bargh, 1999).
The corresponding impact of an item's to-be-accepted vs. to-be-rejected
status on subsequent affective ratings extends to other stimuli that
share a defining feature (Goolsby et al., 2009a; Raymond et al., 2003).
Therefore, a memory-matching distractor in Sawaki & Luck's task
should later receive a relatively positive evaluation, according to the
evaluative-coding perspective, based on its similarity to the positively-
labeled attentional target being held in memory.

The initial commit-to-memory display in Sawaki and Luck's (2011)
task contains both the to-be-memorized item along with another do-
not-memorize item. According to Dittrich and Klauer's (2012) evalua-
tive-coding based account, anything the task instructions indicates is to-
be-ignored and rejected should be coded as affectively negative based
on long-standing associations between behavioural avoidance and
negatively-valenced stimuli (Chen and Bargh, 1999). And just as the
colour of the attended and memorized item was the same as the
subsequent memory-matching distractor, the colour of the ignored do-
not-memorize item was always the same as the other (memory non-
matching) distractor. Thus, in addition to the potential impact on
participants’ stimulus ratings of the similarity between memory-match-
ing distractors and the accepted and positively-coded memorized items
in our version of the task, the ratings should also—according to the
evaluative coding hypothesis—be affected by the similarity between the
memory non-matching distractors and the rejected and negatively-
coded non-memorized memory-display items. In sum, the evaluative
coding hypothesis predicts that memory-matching distractors would
subsequently receive more positive affective ratings, and that memory
non-matching distractors would subsequently receive more negative
affective ratings.

We included previously-unseen novel stimuli in our affective rating
trials to provide a baseline against which the evaluative-coding based
predictions—more positive ratings for memory-matching distractors,
more negative ratings for non-matching distractors—could be properly
assessed. These predictions stand in stark contrast to the inhibitory-
devaluation based predictions of more negative ratings for memory-
matching distractors than for novel items. Moreover, the devaluation-
by-inhibition hypothesis predicts that trial-by-trial fluctuations in the
magnitude of the Pd component may be linked to the level of
subsequent devaluation of memory-matching distractors. The possible
impact of such Pd fluctuations is less clear from an evaluative-coding
perspective. Dittrich and Klauer's (2012) interpretation of Kiss et al.’s
(2007) finding of a link between the N2pc and devaluation is that the
more effective attentional selection is, as indexed by an earlier N2pc,
the more clearly a stimulus can be coded as something to-be-accepted
or to-be-rejected. To the extent that distractor suppression also aids
stimulus discrimination, a larger Pd component—according to an
evaluative-coding perspective—might indicate better differentiation
of the memory-matching and non-memory matching distractors and
their respective similarity to the positively-coded memorized item vs.
the negatively-coded do-not-memorize item. From this perspective,
trial-by-trial fluctuations in the magnitude of the Pd component, should
be linked to the extent to which the memory-matching distractors
receive more positive ratings than novel stimuli and the extent to which
the non-memory matching distractors receive more negative ratings
than novel stimuli.

2. Experiment 1 – cognitive-behavioural

We begin our assessment of opposing predictions arising from the
devaluation-by-inhibition and evaluative-coding accounts of the dis-
tractor devaluation effect using a purely cognitive-behavioural adapta-
tion of Sawaki and Luck's (2011) experimental procedure. We specifi-
cally adapted the procedure to obtain affective ratings of stimuli
previously appearing as retention-interval distractors and of pre-
viously-unseen novel stimuli. Finding that prior memory-matching
distractor ratings are more positive than novel-stimulus ratings would
be consistent with an evaluative-coding account of distractor devalua-
tion, as would a finding of more negative ratings for non-matching
distractors than for novel-stimuli. In contrast, finding that ratings of
prior memory-matching distractors are more negative than those of
novel stimuli would instead be consistent with a devaluation-by-
inhibition account. As for ratings of prior non-matching distractors,
distractors with little interference potential are often not significantly
devalued (e.g., Martiny-Huenger et al., 2014; Raymond et al., 2005 who
argue this is due to the fact that such items evoke such low levels of
inhibition), so there is less reason from a devaluation-by-inhibition
account to expect that non-matching distractor ratings will reliably
differ from those of novel stimuli.

2.1. Method

2.1.1. Participants
A total of 52 undergraduate students from the University of Guelph

participant pool (Age: M=18.4 years, SD=1.44; 35 females, 47 right-
handed) volunteered to complete the experiment in exchange for course
credit. The size of this sample was chosen to be consistent with the
samples of 40–50 participants used in previous cognitive-behavioural
investigations of the devaluation-by-inhibition hypothesis (e.g., Fenske
et al., 2004; Ferrey et al., 2012; Raymond et al., 2005). The appro-
priateness of this sample size was confirmed using G*Power (Faul et al.,
2007), which indicated that 42 participants would be required to detect
a similar-sized effect on stimulus ratings as in these studies (dz=.5)
with a power of .95 at an alpha of .05. All of the participants provided
informed consent and all had normal or corrected-to-normal vision.

2.1.2. Apparatus and stimuli
Stimulus presentation and behavioural response collection were

controlled by PsychoPy software (Peirce, 2007) running on an Intel
Core2Duo computer with a 50.8 cm LCD monitor. All stimuli were
presented on a black background in a room with standard fluorescent
illumination at a viewing distance of approximately 60 cm.

The stimuli for this experiment were also generated using PsychoPy
software (Peirce, 2007). The cue presented at the beginning of each
memory trial was a 1.49°×1.13° rectangle divided along the vertical
midline into a dark grey half (RGB: 117, 117, 117) and a white half
(RGB: 255, 255, 255) (see Fig. 1). Arial font was used for the central
fixation cross (a ‘+’ symbol), and the rating scale numbers presented
during evaluation judgments, each subtending approximately
.90°×.90° visual angle.

The main stimuli used in the memory-trials and stimulus-rating
trials were irregular abstract shapes that each subtended approximately
4.65°×4.65° and were designed to each be distinct in appearance.
These unique shapes were created by randomly selecting the size
(range: 1.66–3.32° horizontal and vertical visual angle) and number
of sides (range: 5–8) of four overlapping polygons. The outline created
by these overlapping polygons formed the outer contour of the
stimulus, which was then filled with a single uniform colour. Five-
hundred and twenty-three different shapes were created using this
method. Three different versions of this set of shapes were produced by
changing the uniform colour of each shape to green (RGB: 39, 103, 23),
orange (RGB: 240, 111, 35), and purple (RGB: 130, 1, 200). Having
each of the 523 shapes in each of the three different colours resulted in
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a final stimulus set of 1569 images.

2.1.3. Experimental procedure
All of the materials and procedures used in this experiment were

approved by the Research Ethics Board at the University of Guelph.
Beyond the use of distinct shapes as stimuli on each trial, the memory-
maintenance procedure used by Sawaki and Luck (2011) was also
modified to incorporate affective stimulus evaluations. The resulting
procedure consisted of eight blocks of trials, each consisting of 12
Memory trials followed by 12 Affective-evaluation trials. Fig. 1 depicts
the sequence of stimulus events used in Experiment 1.

Each memory trial began with the presentation of the half-grey/
half-white rectangular cue in the center of the screen that indicated the
location of the to-be-memorized item (i.e., top or bottom half of the
screen). Half of the participants were instructed to use the dark grey
half of the rectangle as a cue to determine whether to encode the item
on the top or bottom of the screen into memory, while the other half
used the white half of the rectangle as their cue. The cue was presented
alone for 400 ms, and remained visible throughout the subsequent
400 ms presentation of the memory array. The memory array com-
prised two abstract shapes, each centered 4.67° degrees above or below
display center. The colour of the to-be-memorized item (i.e., the shape
appearing in the cued location) was different from the colour of the to-
be-ignored item (i.e., the shape appearing in the uncued location). A
fixation cross replaced the memory array and remained visible through-
out an 1800 ms retention interval. The first 800 ms of the retention
interval consisted only of the fixation cross, followed by a 200 ms
presentation of two distractors—each centered 4.67° to the left or right
of fixation. One of the distractors (memory-matching) was the same
colour as the to-be-memorized item from the memory array. The other
distractor (non memory-matching) was the same colour as the to-be-
ignored item from the memory array. The two memory and two
distractor stimuli all had different shapes. The relative locations of
the memory-matching and non-matching distractors was counterba-
lanced to ensure that each appeared to the left of fixation on half the
trials and to the right of fixation on half the trials. The specific stimulus
colour used for the memory-matching distractors (e.g., green) was the
same on every trial. Another stimulus colour (e.g., orange) was used for
the non memory-matching distractors, which was also the same on
every trial. Stimuli in the remaining colour (e.g., purple) were reserved
for use as novel items in the Affective-evaluation trials. The appearance
of the distractor array was followed by the final 800 ms of the retention
interval, during which only the fixation cross was visible.

The specific colour-to-condition assignments were fully counter-
balanced across participants such that each stimulus colour was used
equally often for each experimental condition. Having the stimuli

within each experimental condition all be the same unique colour
was critical for a fair test of the evaluative-coding hypothesis by
ensuring that any affective connotations of being associated with the
to-be-accepted and protected class of stimuli (to-be-memorized items
and memory-matching distractors) vs. the to-be-ignored and rejected
class of stimuli (do-not-memorize items and non-memory-matching
distractors) could be clearly linked to a salient defining stimulus feature
(Dittrich and Klauer, 2012).

The retention interval was followed by one of two occurrences. On
half of the trials, memory maintenance was followed by a memory test.
During this memory test, a memory-test array was presented, which
contained the to-be-memorized stimulus along with an altered version
of that stimulus (randomly rotated 20° clockwise or counterclockwise),
each presented 4.67° above or below central fixation. The participant
was asked to indicate the location of the to-be-memorized stimulus in
the current display by pressing the ‘up’ or ‘down’ key on the computer
keyboard. The presentation of the memory-test array terminated once
the participant made their response or after 3 s elapsed. The memory
test was followed by a 1 s blank inter-trial interval.

On the other half of the trials, the experiment immediately
proceeded to the 1 s inter-trial interval without providing a memory
test. The reason for omitting the memory test is that it exposes
participants to memory-matching shapes but not non-matching shapes,
confounding our main manipulation with exposure effects in which
greater levels of exposure to stimuli enhance ratings of those stimuli
(Monahan et al., 2000). By including No-test trials, if such effects were
detected, we could then rely solely on this subset of stimuli in which
exposure in controlled across matching and non-matching distractors.
We randomly intermixed an equal number of Memory-test trials with
the No-test trials to ensure that participants were motivated to encode
and maintain the to-be-memorized item throughout the retention
interval and appearance of the distractor array on each trial.

Each block of 12 Memory trials was followed by a block of 12
Affective-evaluation trials. Each Affective-evaluation trial began with a
500 ms central fixation cross followed by the central presentation of a
single to-be-rated stimulus, which remained visible until a rating
response was made. Each to-be-rated item was either a previously-
unseen Novel shape presented in the colour assigned to the novel
condition, or a Memory-matching distractor or Non-matching distractor
from the immediately-preceding block of memory trials. Each block of
12 Affective-evaluation trials contained an equal number of shapes (4)
from each of these conditions. For the to-be-rated Memory-matching
distractors and Non-matching distractors, half were from Memory-test
trials and half were from No-test trials. Participants were asked to rate
the perceived cheerfulness of each item by pressing one of the
numbered keys at the top of a standard computer keyboard using a 5-

Fig. 1. Experiment 1 trial sequence. Participants memorized a cued item and later, on tested trials, indicated which presented item exactly matched the memorized item.
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point scale (1-Not at all Cheerful, 5-Very Cheerful). Each rating
response triggered a 1 s blank inter-trial interval.

Each participant completed 6 practice Memory trials and 6 practice
Affective-evaluation trials to familiarize themselves with the task prior
to the beginning of the experiment. The entire experimental session
lasted approximately 30 min.

2.2. Results and discussion

Data from four participants were excluded because of low (< 50%)
accuracy on Memory-task responses. The remaining 48 participants
(Age: M=18.4 years, SD=1.49; 34 females, 47 right-handed) were
correct on an average of 68.9% (SD=10.5) of the Memory-task trials.

2.2.1. Stimulus ratings
Our primary contrasts of interest involved potential differences in

affective stimulus ratings due to differences in level of prior inhibition
or to differences in instruction-related evaluative associations. We were
particularly interested in differences between ratings of novel items and
prior memory-matching distractors (Evaluative coding: Memory-match-
ing distractors should be significantly more positive; Inhibitory-deva-
luation: Memory-matching distractors should be significantly more
negative) and between novel items and prior non-matching distractors
(Evaluative coding: Non-matching distractors should be significantly
more negative; Inhibitory-devaluation: Non-matching distractors may
be more negative). However, because errors are also known to have
negative affective consequences for associated items (e.g., Chetverikov,
2014; Chetverikov et al., 2015), we only considered ratings of prior
distractors from memory-task trials in which a correct response was
made. This resulted in the exclusion of 15.3% of the ratings of Memory-
matching distractors and 15.8% of the ratings of Non-matching
distractors from further analyses. The remaining affective ratings were
averaged (means) and submitted to separate 2 (Memory-test status: Not
tested or Tested)×2 (Distractor status: Novel or Distractor) repeated-
measures ANOVAs to test the predicted Novel-Distractor difference for
Memory-matching distractors and that for Non-matching distractors.

As shown in Fig. 2, prior Memory-matching distractors received
more negative ratings (M=2.81, SD=.55) than Novel items (M=3.11,
SD=.72). This effect of Distractor status was significant F(1,47)=4.61,
p=.037, η2partial=.089, and the lack of a significant Distractor-status x
Memory-test status interaction [F(1,47)=.51, p=.513, η2partial=.011]
confirmed that the magnitude of this effect was similar following No-
test trials (Memory-match – Novel difference: −.34) and Memory-test
trials (Memory-match – Novel difference: −.28). Importantly, the fact
that the extra Memory-match stimulus exposure during the memory test
did not subsequently lead to enhanced Memory-match distractor ratings
when compared to that following No-test trials (i.e., if anything they

were nominally lower, M=2.77 vs. 2.84), suggests that our concern
about possible confounding effects of mere exposure may have been
unfounded. Taken together, the results of this analysis are inconsistent
with the evaluative-coding based prediction of more positive ratings for
prior Memory-matching distractors than for Novel items, and are
instead consistent with the devaluation-by-inhibition based prediction
of more negative ratings for prior Memory-matching distractors than
for Novel items.

Prior Non-matching distractors received nominally more negative
ratings (M=3.03, SD=.78) than Novel items (M=3.11, SD=.72).
However, this effect of Distractor status was not statistically significant
F(1,47)=.21, p=.651, η2partial=.004, nor did it significantly interact
with Memory-test status [F(1,47)=1.56, p=.219, η2partial=.032], con-
firming that the magnitude of this effect was similarly small following
No-test trials (Non-match – Novel difference: −.02) and Memory-test
trials (Non-match – Novel difference: −.14). Taken together, the results
of this analysis are inconsistent with the evaluative-coding based
prediction of significantly more negative ratings for prior Non-matching
distractors than for Novel items, and are instead consistent with the
devaluation-by-inhibition based prediction of either no difference or
slightly more negative ratings for prior Memory-matching distractors
than for Novel items.

Finding significant devaluation of Memory-matching distractors,
but not of Non-matching distractors, converges with the results of prior
studies in which the stimuli with the greatest potential to interfere with
task performance—those closer to the target (Martiny-Huenger et al.,
2014; Raymond et al., 2005) or that have become increasingly salient
through prior exposure (Frischen et al., 2012)—elicit the strongest
negative reactions in subsequent evaluations. These prior results have
been taken as evidence confirming the reactive nature of inhibition
(e.g., Houghton and Tipper, 1994); the higher the potential for
interference, the greater the amount of inhibition that needs to be
applied in order to suppress further processing or overt responses.
Evidence that memory-matching stimuli initially capture attention
(e.g., Soto et al., 2005) could explain why their interference potential
may become so great when they are irrelevant to the task at hand. And
this, in turn, could explain why they subsequently elicit such strong
suppression of any further processing as reflected by Sawaki and Luck
(2011) observation of a significant Pd contralateral to memory-match-
ing distractors (and not to non-matching distractors).

To more directly explore this potential link between the Pd-
component index of stimulus inhibition and subsequent stimulus
evaluation, we conducted Experiment 2 by adapting our approach in
Experiment 1 to incorporate concurrent EEG and an assessment of the
event-related potential waveform during Memory-trials and the corre-
spondence to stimulus ratings during subsequent Affective-evaluation
trials. The value of Experiment 2 is also underscored by the importance
of replicating the pattern of stimulus rating results from Experiment 1
in providing sufficient confidence for any conclusions drawn from our
findings concerning the competing predictions arising from the evalua-
tive-coding and devaluation-by-inhibition accounts of distractor deva-
luation.

3. Experiment 2 – EEG/ERP

The use of EEG/ERP in Experiment 2 was chosen for its ability to
provide the most stringent test to date of the devaluation-by-inhibition
hypothesis. There is now strong consensus that the Pd component
reflects the termination of attention to distracting stimuli and the active
suppression of their perceptual processing (see Sawaki and Luck (2014)
for review). Having a direct electro-cortical marker of distractor
inhibition allows a direct assessment of the link between inhibition
and stimulus devaluation. Here, in addition to a repeated assessment of
the stimulus-rating predictions addressed in Experiment 1, we specifi-
cally examine whether trial-by-trial fluctuations in the magnitude of the
Pd component for Memory-matching distractors are linked to the level

Fig. 2. Mean affective ratings of Memory-matching probes, Non-matching probes and
Novel stimuli in Experiment 1. (Error Bars=SE) (n=48).
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of devaluation as reflected in their subsequent affective ratings. To do
this we adopted Kiss et al.'s (2007, 2008) approach of sorting trials of
the task in which inhibition is applied (here, the Memory-task) based on
whether the putatively-inhibited stimuli (here, the Memory-matching
distractors) subsequently received negative ratings or positive ratings.
If the level of distractor inhibition is directly linked to level of
subsequent distractor devaluation, then a larger Pd component should
be found in response to Memory-matching distractors that were later
rated as less cheerful as compared to trials leading to more positive
ratings of these items. In contrast, the evaluative coding hypothesis
might predict, if anything, that trial-by-trial fluctuations in the magni-
tude of the Pd component would be linked to enhanced ratings for
Memory-matching distractors because of their similarity to the to-be-
accepted/protected memorized stimuli.

3.1. Method

3.1.1. Participants
A total of 24 undergraduate students from the University of Guelph

(mean age 21.8 years, SD=3.23, 19 females, 22 right-handed) were
recruited through online advertisements and received $20 as compen-
sation for participating. The size of this sample was chosen to be
consistent with the samples of 12–16 participants used in previous
demonstrations linking the Pd component to distractor inhibition (e.g.,
Hickey et al., 2009; Sawaki and Luck, 2011) and in prior neuroimaging
(EEG/ERP and fMRI) investigations of the devaluation-by-inhibition
hypothesis (Doallo et al., 2012; Kiss et al., 2007, 2008). The appro-
priateness of this sample size was confirmed using G*Power (Faul et al.,
2007), which indicated that 16 participants would be required to detect
similar-sized ERP effects as in these studies (d=1.0) with a power of .95
at an alpha of .05. All of the participants provided informed consent
before participating and all had normal or corrected-to-normal vision.

3.1.2. Apparatus and stimuli
The apparatus and stimuli in Experiment 2 were the same as in

Experiment 1, with the following exceptions. The first of these concerns
doubling the number of main experimental stimuli. This was required
to accommodate the increased numbers of trials per condition required
to ensure stable EEG signal averaging and, given the smaller sample of
participants, to provide sufficient statistical power to test for the
behavioural differences in stimulus ratings observed in Experiment 1.
Therefore, 523 new abstract-shape stimuli were created using the same
PsychoPy (Peirce, 2007) algorithm as used for the Experiment 1 stimuli.
Combining these new items with the existing stimuli resulted in a
stimulus set that consisted of 1046 unique abstract shapes for Experi-
ment 2. Three different versions of this stimulus set were produced in
the same way as for those from Experiment 1 by changing the uniform
colour of each shape to green (RGB: 39, 103, 23), orange (RGB: 240,
111, 35), and purple (RGB: 130, 1, 200). Having each of the 1046
shapes in each of the three different colours resulted in a final stimulus
set of 3138 images.

EEG was recorded using a BioSemi ActiveTwo system (Ag/AgCl
electrodes) with 64 scalp electrodes in standard 10–20 placement, and
6 external electrodes: 2 placed on the mastoids to serve as a common
reference for all other electrodes, 2 placed at the outer canthi of each
eye for calculating the horizontal electrooculogram (HEOG), and 2
placed above/below the right eye for calculating the vertical electro-
oculogram (VEOG).

3.1.3. Experimental procedure
All of the materials and procedures used in this experiment were

approved by the Research Ethics Board at the University of Guelph. The
procedure used in this experiment was the same as that used in
Experiment 1 with the following exceptions.

The most significant modification was a change from the use of
blocks of trials that each consisted of 12 Memory trials followed by 12

Affective-evaluation trials to the use blocks of trials in which each of the
12 Memory trials was immediately followed by the corresponding
Affective-evaluation trial. Each to-be-rated item was either a pre-
viously-unseen Novel shape, a Memory-matching distractor or a Non-
matching distractor from the immediately-preceding memory trial.
Equal numbers of abstract shapes from each of these conditions were
rated immediately after Memory-test and No-test trials. The number of
blocks was also doubled from the eight used in Experiment 1 to a total
of sixteen in Experiment 2. Changes were also made to address the data
loss in Experiment 1 from having to exclude participants because of
poor Memory-task performance. Specifically, we introduced a staircase
procedure that was designed to maintain memory-task performance
around 75% correct throughout the entire experimental session for each
participant. This procedure utilized participants’ accuracy across the
four most recent Memory-test trials to determine whether, on the next
Memory-test trial, to make it easier or harder to recognize the
originally-memorized item within the memory-test array. Adjusting
the difficulty of the memory test was accomplished by altering the
difference between the orientation of the originally-memorized item
and that of its rotated-version foil within a range of 20–60°. When
recent accuracy dipped below 75%, then the difference in rotation was
increased by 5° to make the memorized item easier to recognize. When
recent accuracy increased above 75%, then the difference in rotation
was decreased by 5° to make the memorized item harder to recognize.
When accuracy was exactly at 75%, then the existing rotation differ-
ence was maintained.

Less significant changes from Experiment 1 to Experiment 2
included a 1 s presentation of the word “Memory” at display center at
the beginning of each Memory trial, and a 1 s presentation of the word
“Evaluation” at display center at the beginning of each Affective-
evaluation trial. Participants were encouraged to blink when they saw
each of these words so they would not need to during stimulus
presentation, which was intended to help minimize the exclusion of
EEG data from individual trials due to the presence of eye blinks. Other
changes included adding jitter to the duration of the retention interval
on each Memory trial by randomly varying the duration of the retention
periods (700–900 ms) both preceding and following the 200 ms dis-
tractor-array. The timing of the sequence of events following the
retention interval were also altered to minimize interruption by sensory
and cognitive factors during measurement of the Pd component.
Specifically, on the half of the memory trials in which memory
maintenance was followed by a memory test, the memory-test array
remained visible after a memory-test response was provided for a total
of 3 s. On the No-test trials the retention interval was followed by a 3 s
central fixation display. Participants were instructed to maintain
fixation in such cases until the trial timed out.

Minor alterations to the Affective-evaluation trials also included the
use of a 4-point rating scale (1-Not at all Cheerful, 4-Very Cheerful) and
a change to make the presentation duration of the to-be-rated stimulus
be the same throughout each rating-response period. Each to-be-rated
stimulus was presented for 1 s followed by a 1 s blank display.
Participants could respond at any time during this 2 s response period.

Each participant completed 18 practice Memory-task plus Affective-
evaluation trials to familiarize themselves with the task prior to the
beginning of the experiment. To familiarize participants with the
procedure for Memory-task trials in which their memory would not
be tested, the final 6 practice trials included 3 No-test memory trials.
The entire experimental session lasted approximately 60 min.

3.1.4. Neuroimaging analysis
All data analyses were conducted using EEGLab Toolbox (Delorme

and Makeig, 2004) as well as ERPLab Toolbox (Lopez-Calderon and
Luck, 2014). The data sets were re-referenced according to the average
of the mastoids and resampled to 250 Hz. The EEG data was segmented
into 600 ms epochs time-locked to the onset of the distractor array with
a 100 ms baseline, and the mean across the epochs was used to
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calculate averaged ERP waveforms.
The horizontal electrooculogram (HEOG) and the vertical electro-

oculogram (VEOG) were both low-pass filtered (30 Hz) and both used
to remove eye-movement or blink artifacts from the data sets. Artifact
rejection was completed using the moving window peak-to-peak
threshold and step-like function rejection algorithms provided by
ERPLAB. Epochs were removed from the data analysis if the HEOG
exceeded −80 or 80 μV, if the voltage of the VEOG exceeded 80 μV,
and through visual inspection. An average of 3.5% (range: 0–12.5%) of
trials were removed from each data set because of artifacts.

The average of two electrode pairs PO7/PO8 and P7/P8 were used
to calculate the Pd component. First, an averaged waveform was
calculated by subtracting the average voltage at electrode sites over
the hemisphere ipsilateral to the Memory-matching distractor (e.g. PO7
and P7 for left-visual field Memory-matching distractors) from those
over the contralateral hemisphere (e.g. PO8 and P8). The mean
amplitude of this averaged difference waveform from 250 to 300 ms
following the presentation of the distractor array was calculated and
used as the amplitude of the Pd component.

3.2. Results and discussion

Every participant was correct on at least 57% of the Memory-test
trials (M=71.0%, SD=9.4). The staircase procedure utilized in
Experiment 2 was therefore effective to the extent that no data was
lost from having to exclude participants due to poor Memory-task
accuracy.

3.2.1. Stimulus rating results
As in Experiment 1, our primary behavioural contrasts of interest

involved potential differences in affective stimulus ratings due to
differences in level of prior inhibition or to differences in instruction-
related evaluative associations. To avoid the potential confounding
effects of negative affect for error-associated items (e.g., Chetverikov
et al., 2015), we excluded ratings of stimuli that immediately followed
Memory-test trials in which there was a failure to provide a correct
response. This resulted in the exclusion of 14.5% of the ratings of
Memory-matching distractors, 14.8% of the ratings of Non-matching
distractors, and 15.5% of the ratings of Novel items from further
analyses. The remaining affective ratings were averaged (means) and
submitted to separate 2 (Memory-test status: Not tested or Tested)×2
(Distractor status: Novel or Distractor) repeated-measures ANOVAs to
assess the predicted Novel-Distractor difference for Memory-matching
distractors (Evaluative coding: Memory-matching distractors should be
significantly more positive vs. Inhibitory-devaluation: Memory-match-
ing distractors should be significantly more negative) and for Non-
matching distractors (Evaluative coding: Non-matching distractors
should be significantly more negative vs. Inhibitory-devaluation: Non-
matching distractors may be slightly more negative).

As shown in Fig. 3, prior Memory-matching distractors received
more negative ratings (M=2.50, SD=.29) than Novel items (M=2.81,
SD=.50). This effect of Distractor status was significant F(1,23)=6.35,
p=.019, η2partial=.216, and the lack of a significant Distractor-status×-
Memory-test status interaction [F(1,23)=1.61, p=.218, η2partial=.065]
confirmed that the magnitude of this effect was similar following No-
test trials (Memory-match – Novel difference: −.28) and Memory-test
trials (Memory-match – Novel difference: −.35).

Prior Non-matching distractors received nominally more negative
ratings (M=2.68, SD=.47) than Novel items (M=2.81, SD=.50).
However, this effect of Distractor status was not statistically significant
F(1,23)=.68, p=.419, η2partial=.029, nor did it significantly interact
with Memory-test status [F(1,23)=1.90, p=.182, η2partial=.076], con-
firming that the magnitude of this non-significant effect did not reliably
differ following No-test trials (Non-match – Novel difference: −.08)
and Memory-test trials (Non-match – Novel difference: −.19).

The results of these analyses closely replicate the results of

Experiment 1. Taken together, these findings are one again inconsistent
with the evaluative-coding based predictions of relatively enhanced
ratings for prior Memory-matching distractors and relatively dimin-
ished ratings for prior Non-match distractors, but are consistent with
the devaluation-by-inhibition based predictions of significant devalua-
tion of prior Memory-matching distractors and less or absent devalua-
tion of Non-matching distractors.

It is noteworthy that none of the stimulus-rating effects due to
potential differences in level of prior inhibition or instruction-related
evaluative associations significantly interacted with the effects of
including or omitting the memory test in either experiment. The
consistent similarity in the pattern of stimulus ratings following No-
test and Memory-test trials across both experiments and the absence of
any other evidence of potential confounding effects of mere exposure
due to the memory tests give us confidence in the decision to collapse
across Test-status for the EEG/ERP analyses and the assessment of links
between the Pd component and magnitude of distractor devaluation.
The primary advantage of doing this, of course, is the extra statistical
power that comes with increasing trials per condition.

3.2.2. EEG/ERP results
Our assessment of the Pd component was based on the analysis used

by Sawaki and Luck (2011). The mean difference in amplitude between
electrode sites contralateral to the Memory-matching distractor and
those ipsilateral to the Memory-matching distractors from 250 to
300 ms post distractor-array was 1.04 μV (Fig. 4). The results of a

Fig. 3. Mean affective ratings of Memory-matching distractors, Non-matching distractors
and Novel stimuli in Experiment 2. (Error Bars=SE) (n=24).

Fig. 4. Topographic scalp map of mean activation during the 250–300 ms post distractor-
array time interval used to calculate the Pd component. Data were rearranged so that the
left side of the map represents the electrodes ipsilateral to the Memory-matching
distractor while the right side represents the electrodes contralateral to the Memory-
matching distractor. (n=24).
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one-sample t-test showed that this mean amplitude of the difference
between the voltage contralateral and ipsilateral to the Memory-
matching distractors was significantly greater than zero, t(23)=4.83,
p< .001 (Fig. 5). This pattern closely resembles the results of Sawaki
and Luck (2011). Moreover, the observation of a Pd contralateral to
memory-matching distractors suggests that the level of suppression
required to prevent the memory-matching distractor from interfering
with the contents of working memory was greater than that required to
prevent interference from the non-matching distractor (Hickey et al.,
2009). The demonstration that the condition in Experiment 2 that
elicited a direct electro-cortical marker of distractor inhibition was the
only condition that also elicited significant distractor devaluation
provides strong support for the devaluation-by-inhibition hypothesis.
It is less clear how such a finding can be explained from an evaluative-
coding perspective.

If active suppression represented by the Pd component is indeed
linked to the affective devaluation of Memory-matching distractors,
then fluctuations in the magnitude of the Pd component should also be
linked to the magnitude of distractor devaluation. To assess this
potential link, we followed the approach developed by Kiss et al.
(2007, 2008) for investigating how ERPs obtained during a task
involving stimulus/response inhibition can be predictive of subsequent
affective ratings of the stimuli in that task. First, we limited our analysis
to trials in which the Memory-matching distractor encountered in the
Memory task was the to-be-rated item in the subsequent Affective-
evaluation task. Then we sorted these trials into two categories based
on whether the Memory-matching distractor received a relatively
negative rating (i.e., Low-rating: a 1 or 2) or a relatively positive rating
(i.e., High-rating: a 3 or 4). Separate averaged waveforms were
calculated using these different groups of trials for each participant,
from which we were able to calculate the mean Pd amplitude. The
amplitudes of these High-rating and Low-rating Pd components were
then compared using a paired-samples t-test. As shown in Fig. 6, the
magnitude of the Pd component on Low-rating trials was significantly
greater than that on High-rating trials t(23)=2.32, p< .05. In other
words, the level of inhibition applied to Memory-matching distractors
that subsequently received the most negative ratings was significantly
greater than the level of inhibition applied to Memory-matching
distractors that subsequently received more positive ratings. This
strongly suggests that trial-by-trial fluctuations in the level of inhibition
applied to Memory-matching distractors is linked to the level of their
subsequent affective devaluation.

4. General discussion

Previously ignored stimuli typically receive more negative affective
evaluations than novel stimuli or the targets of attention/response (e.g.,
Raymond et al., 2003), but it remains unclear exactly how this occurs.
Does inhibition applied to prevent distractor interference have negative
affective consequences for associated stimuli? Or are prior distractors
only rated more negatively because of evaluative codes—affective
connotations conveyed solely by experimental instructions—linking
negative affect to categories of stimuli that are to be ignored, avoided,
or otherwise rejected? We directly compared and contrasted competing
predictions arising from the devaluation-by-inhibition and evaluative-
coding accounts of the distractor devaluation effect in two experiments.
The results of both experiments provide strong support for the hypoth-
esis that distractor devaluation is directly linked to stimulus inhibition
and is not solely due to the influence of instruction-based evaluative
codes.

Participants in both experiments rated the cheerfulness of abstract
shapes that were either previously-unseen novel items or had pre-
viously appeared as distractors during the retention interval of a
working memory task. Those distractors that matched the colour of a
stimulus being held in memory received significantly more negative
ratings than the novel stimuli in both experiments, whereas ratings of
non-matching distractors did not reliably differ from those of novels.
Because all of the to-be-memorized stimuli shared the same defining
feature as all of the memory-matching distractors, the devaluation of
memory-matching distractors stands in stark contrast to the evaluative-
coding based prediction that items from that stimulus category should
typically receive enhanced ratings because of the instruction-based
positive affective connotations that such items are the sort of things to
be accepted and protected (Dittrich and Klauer, 2012). Finding no
difference between ratings of novel items and non-matching distractors
in both experiments is also inconsistent with the other evaluative-
coding based prediction; namely, that non-matching distractors should
become significantly devalued from sharing a defining feature and any
accompanying negative affective associations with visual stimuli in the
initial memory arrays that participants were cued to reject as do-not-
memorize items.

In contrast, the stimulus rating results of Experiments 1 and 2
confirmed the predictions arising from the devaluation-by-inhibition
hypothesis. Finding significant devaluation of memory-matching dis-
tractors, for example, resonates well with prior evidence that memory-
matching distractors are subjected to significant levels of attentional
inhibition (Sawaki and Luck, 2011) because of their relatively greater
task-interference potential due to attention being initially drawn to
sensory information that matches the contents of working memory
(Soto et al., 2005). Our replication in Experiment 2 of Sawaki and

Fig. 5. Averaged ERP waveform of the difference in voltage between electrode sites
contralateral to the Memory-matching distractor vs. those ipsilateral to the Memory-
matching distractor (Electrodes: PO7/PO8 and P7/P8). For all statistical analyses,
recorded voltages were not filtered; however, for illustrative purposes, voltage data in
Figures were high-pass (0.1 Hz) and low-pass (30 Hz) filtered. (n=24).

Fig. 6. Averaged ERP waveforms of the differences in voltage between electrode sites
contralateral to the Memory-matching distractor vs. those ipsilateral to the Memory-
matching distractor, separated by subsequent affective rating (Low, High) of the Memory-
matching distractor (Electrodes: PO7/PO8 and P7/P8). (n=24).
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Luck's (2011) demonstration that the Pd component—an established
electro-cortical marker of the termination of attention to a stimulus and
its subsequent inhibition (Sawaki and Luck, 2014)—occurs in response
to the memory-matching distractors (and not to non-matching distrac-
tors) confirms that inhibition is indeed applied to memory-matching
distractors. Finding significant devaluation only of stimuli from the
condition in which there was direct evidence of stimulus inhibition
confirms that prior inhibition is directly associated with changes in
stimulus affect. So closely replicating this pattern of stimulus rating
results across two independent samples of participants, despite slight
changes in the experimental procedure and context (e.g., wearing an
EEG cap), speaks to the reliability of our findings.

We also demonstrated in Experiment 2 that the level of distractor
inhibition indicated by Pd magnitude was significantly greater during
memory maintenance for memory-matching distractors that subse-
quently received the most negative ratings than for those receiving
more positive ratings. This provides the clearest neural evidence to date
that distractor inhibition is associated with distractor devaluation.
There are many reasons why participants vary in their ability to exert
attentional control from one point to another within a given task—fa-
tigue, mind-wandering, etc.—and these momentary changes can impact
participants’ ability to resist distraction (e.g., Leber, 2010). The possible
impact of such trial-by-trial fluctuations in Pd magnitude on distractor
evaluations, while straightforward to understand from a devaluation-
by-inhibition account, is less clear from an evaluative-coding perspec-
tive. But, to the extent that attentional mechanisms aid discrimination
of items from different stimulus categories, as suggested by Dittrich and
Klauer (2012), then the evaluative coding hypothesis might predict, if
anything, that trial-by-trial fluctuations in the magnitude of the Pd
component should have been linked to enhanced ratings for distractors
matching the to-be-accepted/protected memorized stimuli. There was
no evidence of this.

Our failure to confirm any of the evaluative-coding based predic-
tions converges with the other results to show that the effects of
selective-attention tasks in determining affective responses to the
stimuli encountered in such tasks can not all be explained solely as
an artefact of the attention-task instructions (see also Gollwitzer et al.
(2014)). Martiny-Huenger et al. (2014), for example, found devaluation
of prior distractors from a focused-attention task that used a single
stimulus set comprising unique but otherwise homogenous Chinese
characters. Participants in their studies were required to make judg-
ments about whether a central target was symmetrical while being
flanked by task-irrelevant distractors that were themselves either
symmetrical or asymmetrical. Thus individual items could not be
simply labeled as good/to-be-accepted and bad/to-be-rejected based
on task instructions because there were no distinct categories or
defining stimulus features that delineated targets from distractors.
Moreover, in line with our finding of significant devaluation only for
memory-matching distractors and Raymond et al.'s (2005) finding of
greater devaluation for distractors in close proximity to a target of
attention, they too found significant devaluation only for distractors
with high potential for task interference, including those associated
with an incompatible response and those in close proximity to the
target. This means that—even if specific evaluative codes could have
been differentially linked to targets and distractors—the same affective
associations would have applied to all distractors, making it difficult to
explain why only some were devalued while others were not. In
contrast, such differences in level of stimulus devaluation are easily
explained by understanding that some stimulus/response representa-
tions require greater levels of inhibition to avoid task interference, and
that the distractors that receive the most inhibition are also those that
later show the greatest levels of distractor inhibition.

Our demonstration that the magnitude of the Pd component—the
level of distractor suppression—is linked to distractor ratings obtained
later on, converges nicely with Kiss et al.'s (2007) demonstration that
differences in the emergence of the N2pc component—widely consid-

ered to provide an index of the efficiency with which attention could be
selectively allocated to a target stimulus in the presence of visual
distractors (e.g., Eimer, 1996; Luck and Hillyard, 1994)—are also
linked to the magnitude of distractor devaluation. Although it is
becoming increasingly clear that the N2pc is not itself an index of
inhibition, per se, but is more directly related to processing of target
information (Mazza et al., 2009), to the extent that target selection is
aided by effective distractor suppression it makes sense that the N2pc
component might typically emerge under conditions involving distrac-
tor inhibition. The added benefit of now being able to measure the Pd
component as a more direct neural index of distractor inhibition is that
it enables a more direct test of the devaluation-by-inhibition hypoth-
esis. And the results of our assessment of the link between the Pd
marker of stimulus inhibition and subsequent affective evaluations
clearly suggest that inhibition is indeed associated with changes in
stimulus affect.

While there is growing evidence that the Pd component provides an
index of the direct suppression of cortical representations of distracting
stimuli, the exact neural source of the top-down inhibitory signals that
target visual cortex has yet to be determined. Middle frontal gyrus may
be a candidate, however, because trial-by-trial fluctuations in middle
frontal gyrus activity and Pd magnitude both predict the ability to resist
the impact of visual distractors (Leber, 2010; Sawaki et al., 2012).
Future research might use fMRI with our version of Sawaki and Luck's
(2011) experimental procedure to establish whether middle frontal
gyrus activation level during the distractor-array presentation is linked
to subsequent stimulus ratings, just as we found the Pd magnitude to be.
Such a finding would resonate well with the fMRI results of Doallo et
al.’s (2012) study that combined a response-inhibition task with an
affective-evaluation task to investigate the link between inhibition and
stimulus devaluation. They found that activity in middle frontal gyrus
was greatest during periods that required inhibition for successful task
performance (i.e., during No-go trials in a Go/No-go response-inhibi-
tion task), and that the magnitude of this inhibition-related activity was
linked to the subsequent level of affective devaluation of the associated
stimuli.

Moreover, results such as Doallo et al.’s (2012) provide important
clues about how inhibitory signals from top-down control areas might
lead to changes in stimulus evaluations. These clues include evidence
that inhibition-related activity in lateral prefrontal cortex couples with
activity in key emotion-related regions, including orbitofrontal cortex
and amygdala (also see Berkman et al. (2009)). The findings of Doallo
et al. suggest further that the pattern of activity in emotion-related
regions produced through their coupling with inhibition-related regions
at the time inhibition is applied can be reinstated at a later time in the
context of an affective evaluation task. Importantly, the magnitude of
these changes in orbital-frontal cortex and amygdala activity for
previously inhibited (No-go) items were associated with the magnitude
of stimulus devaluation as shown behaviourally by subjective affective
ratings. A formal neural-network model of distractor devaluation
(Fragopanagos et al., 2009) suggests that similar connectivity between
prefrontal top-down control areas and fronto-limbic emotion areas may
be involved in determining the negative affective consequences of
attentional inhibition for visual distractors. Thus, while our present
results have provided the most direct neural evidence to date linking
attentional inhibition to stimulus devaluation, future neuroimaging
investigations will be useful for confirming the specific regions and
sequence of neurocognitive events through which inhibitory mechan-
isms of attention alter the coding and representation of stimulus value.

Future research is also needed to verify that inhibition itself is what
causes a change in stimulus value (Raymond, 2009), rather than
another process that consistently accompanies inhibition. The primary
functional value of inhibition, for example, lies in its critical role as a
mechanism for resolving conflict and potential interference from
competing signals in a variety of cognitive and neural operations (see
Munakata et al. (2011) for review). Indeed, our results—a Pd compo-
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nent and significant devaluation of the distractors made most salient
through their resemblance to memory targets—strongly supports the
view that inhibition is a reactive process that is applied to distracting or
otherwise inappropriate stimulus/response representations in direct
proportion to the level of potential interference that might otherwise
occur (Houghton and Tipper, 1994). However, just as there is growing
evidence for a link between inhibition and stimulus devaluation, there
is also growing evidence of a link between stimulus/response conflict
and negative affect (Dreisbach and Fischer, 2012; Fritz and Dreisbach,
2013, 2015). Thus, whereas some theoretical accounts have empha-
sized the inextricable link between conflict and inhibition in determin-
ing stimulus-linked affective response (e.g., Ferrey et al., 2015), others
have suggested that it is solely conflict, and not inhibition, that is
responsible for stimulus devaluation effects (Chetverikov and
Kristjánsson, 2016). Finding a way to disentangle the relative influence
of different cognitive mechanisms, such as these, in determining
affective responses to stimuli encountered in complex visual tasks
presents a specific challenge for ongoing research. The importance of
such work, however, is underscored by the growing range of stimuli,
tasks, emotional judgments, choices and behaviour that are impacted
by these critical links between cognition and emotion.
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