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A B S T R A C T

Previous research suggests that the perception of stimulus onset can be accelerated by a match between the
contents of visual working memory and the stimulus presented alone in the peripheral visual field. This onset
acceleration effect might contribute to previously reported effects of working memory on perceived stimulus
duration. However, it remains possible that the contents of visual working memory may also modulate the offset
perception of matching visual stimuli, thereby contributing to the modulation of duration perception by working
memory. The present study directly tested this possibility by using a simple reaction time task to assess the effect
of visual working memory on perceived stimulus offset. Participants were asked to maintain a sample stimulus in
working memory and subsequently had to respond to the offset of a single visual target. Across three experi-
ments, we showed that the offset response was reliably slower when the target matched the sample held in visual
working memory, as compared with when the target did not. This effect was not likely attributed to the me-
chanism of repetition priming from the presentation of the sample, because we failed to observe a priming effect
either when the sample was only passively viewed without working memory demands or when the sample was
initially encoded into memory but did not need to be actively maintained in mind by the time the offset target
appeared. The findings provide direct evidence indicating that active maintenance of information in visual
working memory delays the perceived offset of matching visual stimuli.

1. Introduction

According to the influential biased competition account of attention
(Desimone & Duncan, 1995), the contents of working memory play an
important role in resolving the competition amongst sensory inputs for
limited attentional resources, with the behavioral outcome that atten-
tion is biased to memory-matching stimuli so that they have a privi-
leged processing advantage over memory-mismatching stimuli. Indeed,
this idea has repeatedly proved correct in a large body of studies.
Substantial evidence indicates that working memory can modulate at-
tentional allocation in the presence of multiple stimuli competing for
selection, such that covert and overt attention are biased toward visual
stimuli that match the current contents of working memory, occurring
even when there is no explicit intention for observers to voluntarily
shift attention to memory-matching stimuli (e.g., Bahle, Beck, &
Hollingworth, 2018; Carlisle & Woodman, 2011; Downing, 2000;
Foerster & Schneider, 2018; Huang & Pashler, 2007; Olivers, Meijer, &
Theeuwes, 2006; Pan, 2010; Sasin, Morey, & Nieuwenstein, 2017; Soto,
Heinke, Humphreys, & Blanco, 2005). Furthermore, recent research has

shown that working memory can also influence attentional orienting in
the absence of stimulus competition; rapid saccades to a single target
presented without any external noise added (e.g., no distractors) are
facilitated when the target matches working memory representations
(Hollingworth, Matsukura, & Luck, 2013; Schneegans, Spencer,
Schöner, Hwang, & Hollingworth, 2014). These findings demonstrate
that the contents of working memory can bias attention at early per-
ceptual stages of visual processing. The present study is concerned with
the effects of memory-driven attention on the processing of attended
stimuli presented in isolation in the visual field.

There has recently been converging evidence indicating that the
contents of working memory improve the discrimination of a target
appearing at the location of a memory-matching stimulus in the visual
field (Han, 2015; Pan, Luo, & Cheng, 2016; Soto, Wriglesworth,
Bahrami-Balani, & Humphreys, 2010; but see Cosman & Vecera, 2011).
Given that performance in the target discrimination tasks in these
studies indexes spatial resolution, the behavioral effects suggest that
memory-driven attention enhances spatial processing of attended sti-
muli. Also, it has been shown that working memory representations
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modulate temporal processing of matching visual stimuli (Pan & Hou,
2016; Pan & Luo, 2012). For example, Pan and Luo (2012) found that a
brief visual stimulus appears longer in duration when it matches the
feature representation maintained in working memory. This finding
implies that the contents of working memory can prolong the perceived
duration of matching visual stimuli. Considering the notion that
working memory reflects internally directed attention to the memorized
information (Chun, 2011; Kiyonaga & Egner, 2013), the finding of Pan
and Luo (2012) may be taken as evidence for memory-based attentional
effects on the perception of temporal duration. Two separate but not
mutually exclusive types of alterations in temporal processing might
contribute to the effect of working memory on perceived duration: (1)
the contents of working memory may accelerate the perceived onset of
matching visual stimuli; (2) working memory representations may
delay the perceived offset of matching visual stimuli.

The first temporal effect, in which memory-matching visual stimuli
receive processing ahead of memory-mismatching ones, has been sup-
ported by previous studies (Hollingworth et al., 2013; Schneegans et al.,
2014; but see Pan & Cheng, 2011). Using a dual-task paradigm, Hol-
lingworth and colleagues conducted a series of experiments to examine
the influence of visual working memory on rapidly generated saccades
to an abrupt-onset target. They asked participants to hold a sample
color in working memory for a recognition test at the end of the trial.
During the retention interval, a single colored disk could appear to the
left or right of central fixation. Participants had to respond to the onset
of this disk as quickly as possible by executing a saccade to the target
disk. The match between the color representation in working memory
and the color of the onset target was manipulated. The results showed
that orienting saccades were generated more rapidly to memory-
matching targets than to mismatching targets. The effect was not likely
attributed to the mechanism of visual priming, since the authors failed
to observe priming effects under the condition of passively viewing the
sample color without explicit memory demands. Although the idea that
working memory may modulate perceived stimulus onset was not
mentioned by Hollingworth and colleagues, their findings can be con-
sidered to suggest that the contents of visual working memory accel-
erate the onset perception of matching visual stimuli.

Although visual stimuli that match the current contents of working
memory are available for perceptual processing earlier than stimuli that
do not, another temporal effect could contribute to previously observed
memory effects on perceived duration: later termination of perceptual
processing of memory-matching stimuli relative to mismatching ones.
Considering the evidence that transient attention by spatial cueing
delays the perceived termination of an attended stimulus (Rolke,
Ulrich, & Bausenhart, 2006), we hypothesized that working memory-
driven attention would also delay the perceived stimulus offset whereby
memory-matching stimuli undergo prolonged perceptual processing
compared to mismatching stimuli. To directly test this hypothesis, we
used a simple reaction time (RT) task to assess the effect of visual
working memory on perceived stimulus offset (e.g., Rolke et al., 2006).
Participants were shown a sample stimulus to maintain in working
memory and subsequently had to make a speeded response to the offset
of a brief visual target presented in isolation to the left or right of
central fixation. The target could match the sample stimulus held in
working memory. We examined whether the match between the
memory sample and the visual target would influence offset RT. Given
that target detection has been shown to be influenced by the match
based on a conjunction of different features rather than a single feature
property (Smith & Lane, 2017), the target and the memory sample were
exactly the same item when they matched in the present study, in order
to create a favorable opportunity for working memory to affect the
detection of target offset. Note that here memory was only tested on
surprise recognition trials wherein there were no offset targets. Because
memory would not be probed after the presentation of a target, the
design precluded a potential incentive for participants to orient toward
a memory-matching target in order to refresh memory representations

to help complete the memory test (cf. Kiyonaga, Egner, & Soto, 2012).
We predicted that the contents of visual working memory would delay
perceived stimulus offset, such that offset RT would be slower to targets
that matched the memorized information than to targets that did not.

2. Experiment 1

2.1. Method

2.1.1. Participants
A group of 30 naive volunteers participated in this experiment for

cash compensation. All of them reported having normal or corrected-to-
normal vision.

2.1.2. Apparatus and stimuli
The experiment was controlled by E-Prime software. Responses

were made on a standard keyboard. The stimuli were presented on a 17-
in. CRT monitor with a resolution of 1024× 768 pixels and a 60-Hz
refresh rate. The visual stimuli were geometrical shapes and each was
filled of a color (red, green, blue, or yellow). The shapes could be a
circle (3°× 3°of visual angle), a square (3°× 3°), a pentagon
(2.7°× 2.7°) or a hexagon (3°× 2.5°). All stimuli were presented on a
gray background at a viewing distance of about 57 cm.

2.1.3. Procedure and design
A trial began with the display of a black central fixation cross

(0.2°× 0.2°) for 1000ms. Then, four digits were randomly selected
without replacement from the integers 1–9 and were presented for
1000ms at the center of the screen. Participants were asked to overtly
rehearsed the four digits throughout the trial, at a rate of about 3–4
items per second. An experimenter was present throughout the ex-
perimental session to ensure compliance with this articulatory sup-
pression procedure that served to prevent participants from adopting a
verbal, rather than visual, encoding strategy for the working memory
task. After a delay of 1000ms following the offset of the digits, an
object (the sample) was presented at the center of the screen for
1000ms. Participants were instructed to keep in mind both the color
and the shape of the sample. After an interval of 1500ms, a target
stimulus was presented for 33, 50, or 100ms with an eccentricity of 4°
either to the left or to the right of the central fixation cross. Here, ob-
servers were required to respond as fast as possible to the offset of the
target by pressing the “J” key with their right hand. To minimize an-
ticipatory behavior and to ensure that participants were responding to
stimulus offset rather than stimulus onset, no-go catch trials, on which
the target remained visible for an especially long period (1000ms) and
the observers had to withhold their response, were included on 20% of
all trials. Observers had a time window of 1000ms to respond to the
offset target, and both the speed and accuracy were emphasized. The
target matched the memory sample in both dimensions of color and
shape on half of go trials (memory-matching target), and mismatched in
both dimensions on the other half (memory-mismatching target). The
three target durations occurred equally often within go trials. These two
factors varied randomly across trials.

In the experimental session there were another 20% of all trials on
which, instead of the target display, a memory probe was presented to
ensure that the sample was actively maintained in working memory
(see Fig. 1). On these probe trials, an object appeared at the center of
the screen after an interval of 1500ms following the offset of the
memory sample. Participants were required to press the “S” key with
the left hand if the probe matched the memory sample in both di-
mensions of color and shape, and the “F” key with the left hand if they
had just their color in common, just their shape in common, or neither
feature in common. The memory probe remained visible until response.
Participants were asked to perform well on both tasks of working
memory and offset perception, and they were encouraged to respond as
accurately as possible. Each participant was firstly familiarized with the
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tasks and performed 40 practice trials, followed by a total of 320 ex-
perimental trials.

2.2. Results and discussion

Accuracy for memory probe trials was high (95.3% correct on
average), indicating that participants were indeed maintaining the vi-
sual samples in working memory as instructed. Responses were with-
held appropriately as requested on no-go catch trials, since false re-
sponses (pressing the key when the target was presented for 1000ms)
occurred only on an average of 4.7% of no-go trials. This percentage of
false alarms did not significantly vary with target type, F < 1. The data
for go trials were examined with an analysis of variance (ANOVA) with
target type (memory-matching, memory-mismatching) and target
duration (33, 50, and 100ms) as within-subjects factors. On average,
observers responded to the target incorrectly (i.e., no reaction on go
trials) on 3.6% of all go trials. Such errors did not vary significantly
across different conditions, Fs < 1, and there was no hint of a speed-
accuracy trade-off. Fig. 2 depicts mean RTs of correct responses to the
offset targets. The outcome of a repeated-measures ANOVA over the
RTs showed that offset responses were slower to memory-matching

targets than to memory-mismatching targets, F(1, 29)= 16.425,
p < .001, ηp2= .362, and this effect did not vary as a function of target
duration, F < 1. The main effect of target duration did not approach
significance, F(2, 58)= 1.461, p= .241. This pattern of results in-
dicates that the perceived offset of brief visual stimuli matching the
current contents of visual working memory was delayed, as compared
to that of memory-mismatching stimuli.

Note that although participants were indeed responding to target
offset rather than target onset on a majority of go trials, it is possible
that there may still be a small number of trials on which responses were
made to the target onset. Accordingly, it could be argued that it was
because of these onset responses that RTs significantly differed between
memory-matching and memory-mismatching trials. However, this
seems quite unlikely. The current results are not likely driven by re-
sponses to target onset, since onset responses are expected to be earlier
in time for memory-matching compared to memory-mismatching tar-
gets (Hollingworth et al., 2013; Schneegans et al., 2014), whereas the
observed effect here is that responses were produced later in time for
memory-matching compared to memory-mismatching targets. Thus,
the present results are very likely to reflect responses to the offset, ra-
ther than the onset, of the target stimuli.

Moreover, the observed delayed responses to memory-matching
targets are not likely to reflect that the contents of visual working
memory generally prolong response times on matching visual stimuli
without modulation of offset perception when one considers the op-
posite patterns of working memory effects on onset and offset re-
sponses. If visual working memory only affects response speed rather
than perceived appearance of stimulus onset and offset, we should ex-
pect the same pattern of working memory effects on onset and offset
responses. However, the fact is that onset responses are faster to
memory-matching targets than to memory-mismatching targets
(Hollingworth et al., 2013; Schneegans et al., 2014) and, as shown by
our present results, the reverse is the case for offset responses. Thus, the
existing evidence indicates that visual working memory can modulate
the perception of stimulus onset and offset.

3. Experiment 2

The aim of this experiment was to examine whether the finding in
Experiment 1 indeed reflects the effect driven by working memory.
Perhaps the delay in the perceived offset of a brief visual stimulus might
just result from the passive repetition priming from the recent pre-
sentation of that stimulus. If so, mere prior exposure to a stimulus but
without working memory demands would be sufficient to impact the

1,500 ms

“5386…”
33/50/100/1,000 ms

Target Display

+
Memory Sample Retention Interval

1,000 ms

Until Response

Memory Probe

??

+

Fig. 1. Schematic illustration of the trial sequence and example stimuli in Experiment 1.

Fig. 2. Mean reaction times (RT) of correct responses to the offset targets for
each condition in Experiment 1. Error bars represent within-subjects 95%
confidence intervals (Loftus & Masson, 1994).
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subsequent perceived offset of that stimulus. This experiment examined
performance under the same conditions used in Experiment 1, but now
participants were not required to commit the sample into working
memory. If the offset delay effect observed in Experiment 1 was due
specifically to working memory, then it should not occur with the mere
exposure to the sample without explicit memory requirements.

3.1. Method

This was similar to the method of Experiment 1, with the following
exceptions. A new group of 30 volunteers participated in this experi-
ment. They were asked only to passively view the sample stimulus, but
they did not need to memorize it, and there were no memory probe
trials included. The target matched the sample in both dimensions of
color and shape on half of go trials (matching target), and mismatched
in both dimensions on the other half (mismatching target). The parti-
cipants performed 40 practice trials, followed by 240 experimental
trials on which there were 80% and 20% of the trials for go and no-go
conditions, respectively.

3.2. Results and discussion

Participants withheld responses appropriately as requested on no-go
catch trials, since false responses (pressing the key when the target
duration was 1000ms) occurred only on an average of 4.2% of no-go
trials. This percentage of false alarms did not significantly vary with
target type, F < 1. The data for go trials were submitted to a repeated-
measures ANOVA with target type (matching, mismatching) and target
duration (33, 50, and 100ms) as factors. On average, observers re-
sponded to the target incorrectly (i.e., no reaction on go trials) on 3.1%
of all go trials. Such errors did not vary significantly across different
conditions, Fs < 1, and there was no sign of a speed-accuracy trade-off.
Fig. 3 depicts mean RTs of correct responses to the offset targets. The
outcome of an ANOVA over the RTs showed no main or interaction
effects, Fs < 1.332, ps > .272. These results suggest that the mere
prior exposure of a stimulus without working memory demands did not
influence the offset perception of that stimulus subsequently presented
in the visual field. Thus, the offset delay effect observed in Experiment 1
cannot be attributed to the mechanism of repetition priming. This was
further confirmed by a mixed ANOVA over RTs from Experiments 1 and
2, with experiment as a between-subjects factor and target type and
target duration as within-subjects factors. This analysis showed a

significant interaction between experiment and target type, F(1,
58)= 12.637, p= .001, ηp2= .179. The main effect of experiment was
not significant, F(1, 58)= 1.015, p= .318, indicating that the overall
task performance was comparable across experiments. We suggest that
stimulus representations need to be consolidated and maintained in
visual working memory to modulate the perceived offset of matching
stimuli subsequently presented in the visual field.

4. Experiment 3

It could be argued that the initial processing of the sample stimulus
during the encoding period was less intensive in the passive-viewing
task (Experiment 2) than in the working memory task (Experiment 1),
which might partially account for the different observations between
the two experiments. In other words, the delay effect on offset per-
ception observed in the working memory task might simply result from
the stronger initial processing of the sample rather than the active
maintenance of the sample in working memory. In this experiment, we
aimed to provide further evidence for the critical role of working
memory maintenance in generating the offset delay effect, while con-
trolling for the initial processing level of the sample stimulus during
encoding. In the sample period, two randomly chosen stimuli with
distinct colors and shapes were sequentially presented. After a delay, a
number cue (“1” or “2”) was displayed to instruct observers whether
the first or the second sample stimulus needed to be maintained in
working memory. During the retention interval, observers were asked
to respond to the offset of a single visual target that could match one or
neither of the two samples. We assessed whether offset responses would
be delayed when targets matched the current contents of working
memory, as compared with when targets did not. It was predicted that
offset RT would be slower to targets that matched the cued sample than
to targets that matched either the uncued sample or neither sample,
while offset RTs in the latter two conditions were not significantly
different. Note that the initial processing levels of the two samples
during encoding should be identical, regardless of which of the samples
was retro-cued to be retained in working memory. Thus, the influence
of depth of stimulus encoding, if any, would be well controlled across
trials.

4.1. Method

This was similar to the method of Experiment 1, with the following
exceptions. A new group of 30 volunteers participated in this experi-
ment. In the sample period of each trial, participants were shown two
randomly chosen visual stimuli that differed from each other in both
dimensions of color and shape. The two sample stimuli were sequen-
tially presented for 1000ms each at the center of the screen, with a
blank interval of 1000ms between them. After a delay of 1000ms
following the offset of the second sample, a number cue (“1” or “2”)
was centrally presented for 500ms to instruct participants whether the
first or the second sample had to be retained in mind. The first sample
was cued on the half of the trials, while the second sample was cued on
the other half. The presentation order of the cued sample was rando-
mized across trials. Importantly, the offset target, which was presented
for 50 or 100ms after a delay of 1500ms following the offset of the
number cue, could match the cued sample, the uncued sample, or
neither sample. The three target types occurred with the same prob-
ability and varied randomly within go trials. Memory probe trials were
included on 20% of all trials in order to ensure that the cued sample was
actively maintained in working memory. Participants performed 40
practice trials, followed by a total of 320 experimental trials.

4.2. Results and discussion

Accuracy for memory probe trials was high (93.8% correct on
average), indicating that participants were maintaining the cued

Fig. 3. Mean reaction times (RT) of correct responses to the offset targets for
each condition in Experiment 2. Error bars represent within-subjects 95%
confidence intervals (Loftus & Masson, 1994).
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sample in working memory as instructed. Responses were withheld
appropriately as requested on no-go catch trials, since false responses
(pressing the key when the target duration was 1000ms) occurred only
on an average of 5.4% of no-go trials. This percentage of false alarms
did not significantly vary with target type, F < 1. The data for go trials
were submitted to a repeated-measures ANOVA with target type (cued-
matching, uncued-matching, mismatching) and target duration (50 and
100ms) as within-subjects factors. On average, observers responded to
the target incorrectly (i.e., no reaction on go trials) on 4.3% of all go
trials. Such errors did not vary significantly across different conditions,
Fs < 1, and there was no hint of a speed-accuracy trade-off. Fig. 4
depicts mean RTs of correct responses to the offset targets. The outcome
of an ANOVA over the RTs showed that the main effect of target
duration did not approach significance, F < 1. Importantly, the main
effect of target type was significant, F(2, 58)= 11.570, p < .001,
ηp2= .285, and this effect did not vary as a function of target duration,
F(2, 58)= 1.581, p= .214. Bonferroni-corrected planned comparisons
revealed that offset responses were significantly slower to cued-
matching targets than to both uncued-matching targets (p < .001) and
mismatching targets (p= .005), which did not differ from each other
(p > .9). This pattern of results suggests that active maintenance of a
visual stimulus in working memory delayed the concurrent offset per-
ception of a matching visual target, whereas there was no effect when
the stimulus was initially encoded into memory but did not need to be
actively maintained in mind by the time the offset target appeared.
Thus, the results provided compelling evidence indicating that the
offset delay effect was due not to passive priming but to active working
memory maintenance.

5. General discussion

Visual stimuli that match the current contents of working memory
are perceived to be temporally longer than stimuli that do not (e.g., Pan
& Luo, 2012). On the assumption that an increase in the perceived
duration of a stimulus might partially result from the delayed perceived
termination of that stimulus, the present study examined whether the
contents of visual working memory influence the perception of stimulus
offset. We predicted that the contents of visual working memory would
delay the perceived offset of matching visual stimuli. This prediction
was confirmed. We observed that offset responses were significantly
slower to targets that matched working memory representations than to
targets that did not. This effect was unlikely attributed to the

mechanism of bottom-up repetition priming from the presentation of
the sample stimulus, because we failed to observe priming effects when
the sample was only passively viewed without working memory de-
mands or when the sample was retro-cued to be irrelevant to the cur-
rent working memory task. The present work extends previous studies,
which showed the acceleration effect of visual working memory on the
onset perception of a single stimulus in the visual field (Hollingworth
et al., 2013; Schneegans et al., 2014). Here, we demonstrate that the
perceived offset of a single visual stimulus can be delayed when it
matches the current contents of visual working memory. Taken to-
gether, we suggest that working memory prolongs perceived stimulus
duration both by accelerating onset perception and by delaying offset
perception.

Given that the contents of visual working memory can bias atten-
tional orienting toward a matching visual stimulus in a noncompetitive
texture (Hollingworth et al., 2013; Schneegans et al., 2014), the present
results may be taken as evidence that memory-driven attention delays
the perceived termination of a single visual stimulus. Alternatively, it
could be argued that the modulation of perceived stimulus offset may
be a direct consequence of visual working memory without attentional
mediation. It is noteworthy, however, that the differences between
these two accounts seem negligible when one considers active main-
tenance of a stimulus in working memory to be internally sustained
attention to the mental representation of that stimulus (Chun, 2011;
Kiyonaga & Egner, 2013). On this view, an item actively retained in
working memory is within the focus of attention (Olivers, Peters,
Houtkamp, & Roelfsema, 2011), which is functionally identical to ex-
ternally attending that item (Kiyonaga & Egner, 2014). From this per-
spective, any influences of active working memory representations on
the perception of matching visual stimuli can also be thought of as
attentional effects driven by working memory maintenance.

There has been evidence suggesting that the neural responses to
visual stimuli are modulated by the contents of visual working memory
(Gayet et al., 2017; Soto, Humphreys, & Rotshtein, 2007). For instance,
Gayet et al. (2017) sequentially presented observers with two different
sample shapes and a retro-cue indicating which of the two shapes
should be held in working memory for later recognition. During the
retention interval, a probe stimulus was briefly displayed in the per-
ipheral visual field. The probe could match the cued sample item, the
uncued sample item, or neither of the sample items. They found that the
neural response was stronger to probes that matched the cued sample
than to probes that matched either the uncued sample or neither
sample, while the neural responses to probes in the latter two condi-
tions did not differ from each other. The findings therefore demonstrate
that neural activity elicited by a single visual stimulus can be enhanced
by the match between the stimulus and the current contents of visual
working memory. It is possible that the enhanced neural responses to
memory-matching visual stimuli might be the neural mechanism un-
derlying the delayed offset perception of these stimuli. This is compa-
tible with the notion that the perceived duration of a visual stimulus is
based upon the intensity of the neural response to that stimulus, with
intensified neural activity leading to prolonged perceived duration
(Eagleman & Pariyadath, 2009). We propose that the contents of visual
working memory enhance the neural response to a matching visual
stimulus, thereby delaying the perceived stimulus termination and
prolonging the perceived stimulus duration.

The present findings add to the converging evidence that the non-
temporal contents of working memory can modulate temporal proces-
sing of matching visual stimuli (Hollingworth et al., 2013; Pan & Hou,
2016; Pan & Luo, 2012; Schneegans et al., 2014). Importantly, this line
of evidence demonstrates that the effects of working memory re-
presentations on perceptual processing of matching visual stimuli are
not limited to conditions in which stimulus competition must be re-
solved. By contrast, there has as yet little indication that working
memory representations of object features could alter nontemporal
processing of matching visual stimuli in the absence of stimulus

Fig. 4. Mean reaction times (RT) of correct responses to the offset targets for
each condition in Experiment 3. Error bars represent within-subjects 95%
confidence intervals (Loftus & Masson, 1994).
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competition. For example, Cosman and Vecera (2011) asked observers
to hold the color of a sample box in working memory and then to
identify a target surrounded by a box that could match the sample.
Importantly, the target could be presented either in isolation or with
distractors. They found that while the contents of working memory
enhanced the identification of a matching target presented with dis-
tractors, there was a negligible effect of working memory on the
identification of a target presented in isolation. Similarly, Soto and
Humphreys (2006) asked visual extinction patients to report object
features during the retention interval of working memory and found
that the patients showed enhanced awareness of the contralesional
stimulus that matched rather than mismatched the current contents of
working memory. However, this effect was observed only when the
contralesional stimulus was presented simultaneously with a stimulus
in the ipsilesional visual field; there was no significant effect of working
memory on awareness of the contralesional stimulus in the absence of
an ipsilesional stimulus. The findings of these two studies indicate that
the effects of working memory contents on nontemporal aspects of vi-
sual processing may be particularly tied to situations in which there is
the presence of stimulus competition.

This idea may look somehow at odds with recent research by Smith
and Lane (2017). They asked a patient with right-sided hemianopia to
detect a single visual target presented briefly in the blind hemifield
during working memory maintenance. The target could be presented
either before or after the presentation of two tones. The patient had to
discriminate whether the target had been presented before or after the
tones. The results showed that performance was more accurate when
the target exactly matched the contents of working memory, as com-
pared with when the target did not. On the basis of this finding, Smith
and Lane (2017) concluded that the contents of working memory can
enhance unconscious perception of matching visual stimuli presented in
isolation. It is noteworthy, however, that their results might reflect
working memory effects on temporal, rather than nontemporal, pro-
cessing of the visual target, considering that the experimental task was
actually to discriminate the temporal order of the target presentation
relative to the tones presentation during the retention interval of
working memory. If this were the case, their finding may provide evi-
dence indicating that the modulation of temporal processing of a single
visual stimulus by working memory can operate without awareness,
because the target stimulus was processed unconsciously in Smith and
Lane's (2017) study. Further investigations are needed to examine
whether visual working memory can influence nontemporal processing
of visual stimuli presented in isolation without stimulus competition.

In conclusion, the present study demonstrates that the nontemporal
information held in visual working memory affects the concurrent
temporal processing of matching visual stimuli. Specifically, the present
results indicate that the contents of visual working memory delay the
perceived offset of a matching stimulus presented alone in the visual
field. We suggest that this offset delay effect may contribute to the
prolonged perceived duration of visual stimuli that match the in-
formation being actively retained in working memory.
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