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Attention deployment and working memory

Abstract

The Biased Competition Model (BCM) suggests botirdown and bottom-up biases
operate on selective attention (e.g. Desimone &danon1995). It has been suggested
that top-down control signals may arise from wogkmemory. In support, Downing
(2000) found faster responses to probes presentéteilocation of stimuli held vs.
not held in working memory. Soto, Heinke, Humphrestsd Blanco (2005) showed
the involuntary nature of this effect and that skafeatures between stimuli were
sufficient to attract attention. Here we show tstahuli held in working memory had
an influence on the deployment of attentional reses even when: (i) it was
detrimental to the task, (ii) there was equal perposure, (iii) there was no bottom-
up priming. These results provide further supportifivoluntary top-down guidance
of attention from working memory and the basic tenef the BCM, but further

discredit the notion that bottom-up priming is resay for the effect to occur.
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Introduction

A generally accepted function of selective atteami®that it governs the information
that enters memory stores. More recently, it hanseiggested that information held
in memory may also influence the deployment ofdele attention (i.e. a link in the
opposite direction; see Desimone and Duncan, 1884, Vogel and Oh, 2006). The
Biased Competition Model (BCM) suggests that bofrdown and bottom-up biases
operate on selective attention (e.g. Desimone & daan 1995) and it has been

suggested that top-down control signals may args® fvorking memory.

de Fockert, Rees, Frith and Lavie (2001) found &hheavy working memory load in
a famous-name classification task resulted in $e$sctive modes of attention, so that
distractor stimuli (faces presented in the backgd)uwere more likely to be
processed. Further evidence for working memoryueriting attention comes from
Awh, Jonides, and Reuter-Lorenz (1998), who founcraased visual processing
efficiency for spatiallocations held in working memory. Participants made forced-
choice classification judgements to stimuli presdnin a remembered vs. a non-
remembered location. Reaction times (RT) were aarid¢&r stimuli presented in the
remembered location. In addition, Pashler and §1899) had participants observe a
rapid stream of visual stimuli, in order to detaatligit. They found that participants
suffered from an attentional blink effect (and #fere missed the digit) following the
appearance of a previously visualised object indineam of visual stimuli. These
results imply that information held in working memaonfluences the deployment of

attentional resources.

More recently, Soto, Heinke, Humphreys, and Blaf2G95) showed that an item in a
visual display that shared features (e.g. coloutf) an item held in working memory
could also attract attention in multiple item desd. This was the case even if doing
so was detrimental to search performance becaeseémorised item in the display
never contained the search target. Priming the iedone (with no memory
requirement) did not have the same effect. Sotonptueys and Heinke (2006)
showed that such effects of working memory perdigteen in the presence of pop-
out search targets. Further work by Soto and Hueysh(2006) investigated the
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working memory effect in patients with visual extiion. They found that extinction
of contralesional targets was reduced when thegtmedtthe object held in working
memory. Bottom-up priming from the presentatiorthed object cue was not enough
to improve awareness, even when the cue was pextesstil the level of
identification. Together, these studies show thisndon can be inadvertently and
involuntarily allocated to task performance based kmth the representational

characteristics of objects and spatial locationsest in working memory.

Downing (2000) performed a series of studies ireotd investigate the relationship
between working memory and attention. He reasdhatlif the biased competition
model is correct, stimuli in working memory shodlés the competition amongst
visual stimuli in a sceneven if thereis no visual search task (cf. Soto et al, 2005 who
used a visual search task). He presented a cuelgsirto remember, followed by two
further prime stimuli to the left and right of fittan (for which no action on behalf of
the participant was required) and then a probdenldcation of one of the previous
prime stimuli to which participants made a speedeentation decision. Participants
were then presented with a memory test stimulustiaeyg had to indicate whether or
not it was the same as the cue stimulus. The dro@aipulation was that one of the
prime stimuli presented matched the initial cuenatus, whereas the other was a
novel stimulus. Downing found that when the probenglus was presented in the
location of the matching prime stimulus, it wasp@sded to significantly faster than

when it was presented in the location of the né@négsmatching) stimulus.

Downing (2000) dismissed the possibility of his eeff being one of strategy
(attending to the matching stimulus to aid with themory task) on the basis of: (i)
time being too short; and (ii) the minimal demaiadtually required by the task. He
also investigated one possible role of strategiisnfourth experiment. He reasoned
that in his previous experiments, participants maye inadvertently been performing
the memory task (final task) on the prime stimthiereby drawing their attention
towards matching stimuli. By removing the matchjadgement from the final task,
he found no evidence to suggest that this was #we.cHowever, there is an
alternative strategy based explanation that Down{8§00) did not consider.

Chapman (1967) demonstrated the phenomenon callledory correlation

(overestimating the degree of correlation, or spedme where none exists), by
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showing that students overestimated the occurrehoeaningful vs. non-meaningful
pairs of words. It can therefore be speculated Er@atning’s participants perceived
an illusory correlation between the matching prstimulus and the number of times
the probe was presented on it and (albeit inadviy)edirected their attention

accordingly (but see also Soto et al, 2005). Withawning’s paradigm, such illusory
correlations would tend to be perpetuated sin@ntatin would be further directed to
them, thereby enabling participants to see the ginkthe location of the matching
prime stimulus within the 147ms before it disappéain other words, if people had
the perception that a cue would most often appear stimulus also held in working
memory, then they might direct their attention toygathat stimulus anactually see

the cue on that stimulus more often than on theraghimulus.

In his third experiment, Downing (2000) investightthe possibility of the effect
essentially being one of feed-forward priming, eatthan top-down priming from the
active maintenance of information in working mempey se. In this experiment, half
the participants performed the memory task at tltea# each trial as before, whereas
the other half were presented with the same stibmutiwere asked to make only an
immediate size judgement on the cue stimulus (fbexerequiring no memory).
Whereas the memory task produced results equivadethibse already discussed, the
size task actually produced the opposite pattemesflts. Responses to probes placed
in the position of matching stimuli were respondeanoresiowly than those placed
on mismatching stimuli. This result was interpredsdevidence that mere exposure to
the cue shape is not enough to direct attentioratdwnatching objects and it was
proposed that the reverse pattern may have beemdfdue to weaker neuronal

responses to repetitions of stimuli (Miller and Dasne, 1994).

The argument that feed-forward priming of stimudincattract attention to them is
clearly in contrast to that of Downing’s (2000) posals of weaker responses (and
rejection of attention) to repetitions of stimulnlass they are held in working
memory. The experiments presented here therefonedato further investigate: (i)
the role of strategy in the attraction of attentlon items in working memory, (ii)
whether bottom-up visual priming is sufficient ttiract attentiorwithout a stimulus
being in working memory or whether instead attemii® actually more likely to be

directed to the neutral stimulus in these circumsta (iii) whether holding an item in
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working memory is sufficient to attract attentiathout a stimulus being bottom-up

primed beforehand by a visual representation of it.

Experiment 1: A probability manipulation

Experiment 1 investigated the potential role ohtgtgy in paying attention to the
stimulus matching the cue using an adaptation ofviidlog’'s (2000) paradigm. In
order to avoid participants perceiving a positiedationship (illusory correlation)
between the matching stimulus and the locatiorhefgrobe, in this experiment the
probability of the cue being in the location of thatching stimulus was reduced from
50% to 20%, thus actively discouraging any strategsttend to it (see also Soto et al,
2005).

Participants

18 participants (2 males) volunteered from tfieygar undergraduate psychology
students at Aston University in order to earn redearedits as part of a course
requirement. The mean age of participants was 2@argje:18-36). Participants were

naive as to the purpose of the experiment.

Design and Procedure

The experiment was programmed using E prime vldveas similar to Downing’s
(2000) first experiment. An example of the procedis illustrated in Figure 1. On
each trial, a stimulus to be remembered (a phosnadveryday object) was presented
(the “cue” stimulus: 1506ms), followed by a fixatipoint (1506ms) and a display
containing two “prime” stimuli to the left and tdwa right of the fixation point
(187ms). One of the two prime stimuli presentedtha array was a “matching”
stimulus; the other was a novel stimulus. Matctatughuli would appear on the left or
the right side randomly. Participants were insgddhat the two pictures presented as
primes had nothing to do with their task The sanspldy was then re-displayed
containing a “u” or “n” shaped probe (randomly detmed with equal frequency) in
the centre of one of the stimuli (146ms) and thefurdher fixation point until
response. Participants were asked to respond eklyjand accurately as possible to
the probe, using the k (for u) and m (for n) keythwvtheir right hand. Although the
probability of the probe appearing on either sidetlee display was 50%, the

probability of it appearing on the matched item wasreased to 20%. Participants
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were then presented with a further “memory” stinsudind asked to make a judgment,
about whether or not it was the same as the cowbkts (v for yes, ¢ for no), with
their left hand. The memory stimulus presented hes final memory task either
matched the cue stimulus or was novel (with equabability). The independent
variable in this experiment was therefore the mataidition (match or mismatch). 10

trials were run as a practice and then 12 blocKdfials for the experiment.

FIGURE 1 ABOUT HERE

Results and Discussion

One-factor repeated measures ANOVAs were perforome@) median RTs to probes
in the two match conditions, (ii) accuracy of prabentification in the two match
conditions, and (iii) accuracy of the memory taskthe two match conditions. For
RTs, only correct trials were included in the asay(correct in terms of both probe
identification and memory recall — see Downing, @0®robe stimulus identification
was significantly more accurate in the match ve. thismatch condition (88% vs.
84%; kR 17/24.53, MSE= 0.001, p<0.001), but median RTs west significantly
different (890ms vs. 905ms,; F=0.683, MSE= 3063.32). Importantly, this trend
persisted even in the final block (93% vs. 84% eacy, F,~3.51, MSE=0.023,
p=0.07). It should be noted that 14 of the 18 pgudints achieved 100% accuracy in
the final block for the match condition; only siaricipants achieved 100% accuracy
in the final block in the mismatch condition. Thibservation suggests limited
statistical power that may account for the margilesel of significance. Mean
accuracy in the memory task was 96% in both matuth mismatch conditions
(F11<1, MSE=0.001).

It was concluded that despite the probability malafon, to ensure that it was not
beneficial to pay attention to the item matchingttim working memory, people paid
more attention to the memorised stimulus, relatovéhe novel stimulus. The effect
reported in Downing (2000) was, therefore, unlikiybe a consciously controllable
phenomenon; otherwise participants in the presgmerenent would have learnt that
it was beneficial to divert their attention awagrfr the matching prime stimulus and
toward the mismatching prime stimulus. Thus, osults are concordant with those

of Soto et al (2005) and confirm the involuntaryuna of the effect. The results also
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argue against an illusory correlation effect beeatle probe stimulus was actually

correlation in the opposite direction (i.e. witle tmismatching stimulus).

Experiment 2 —Previous exposure vs. working memorgffecting responses?

A second possibility for Downing’s (2000) results that mere exposure to a cue
stimulus is sufficient to make it attract attentwhen later presented in a display; no
memory component is required. Both Downing (200@p &oto et al (2005)
suggested that such a bottom-up priming effectccowlt account for the bias in the
allocation of attention to remembered stimuli begano bias for previously presented
stimuli was found when participants were not reggiito remember cue stimuli.
However, in Soto et al (2005) participants hadasktto perform on the cue stimulus
so may have ignored it, but Downing (2000) founstatistically significant bias in
the opposite direction - attention was guided afvam previously presented stimuli,
suggesting that it was not ignored totally (i.e.swavolved in the suppression of
responses in some way). It is important to no&t ih the above studies the neutral
stimuli in the displays were not given the same amaf prior exposure (i.e. they
were not previously presented) relative to the nmesad object. It could be that the
effects of memory guidance are enhanced due tofdbtser. In this experiment, we
investigated (i) whether the effects of working nogynguidance vary depending on
whether the neutral and memorised stimuli in thmerdisplay had been given equal
prior exposure or not, and (ii) whether there aeaker responses (i.e. inhibition) to a
previously presented neutral stimulus not held orking memory, as suggested by
Downing (2000). In other words, we wanted to prdeluthe possibility that
differences in bottom-up visual priming of the diént objects presented could
account for the bias. In one condition, we ensuhed the two stimuli in the prime
display had received equal prior exposure, but only had to be remembered, in the

other condition, only one of the stimuli was presdrand had to be remembered.

A number of (not necessarily mutually exclusiveysbilities arose from our design:
() If the differences in prior exposure betweennmeey and probe displays (and not
just the active maintenance in working memory) iamportant to bias attention, we
would expect the bias to be enhanced under singgevs. dual cue presentation

conditions, because in dual cue presentation donditboth items in the prime
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display had received equal prior exposure; (iiyeéponses to previously presented
(but “ignored”) stimuli are weakened in this paadi slower responses to
mismatching probes in the dual vs. single presematondition would be expected;
(iii) If holding a stimulus in working memory alorgauses attentional bias one would
expect a significant and similar effect of probetechan both conditions (the fact that
in the dual presentation condition both stimuliég@veviously been presented will not

make a difference).

Participants

22 participants (1 male) volunteered from th& ykar undergraduate psychology
students at Aston University in order to earn redearedits as part of a course
requirement as detailed in Experiment 1. The megn @& participants was 18.89

(range:18-23). Participants were naive to the mewd the experiment.

Design and Procedure

The experiment was the same as Experiment 1, exbept(i) participants were
instructed to remember only the stimulus presenti¢hin a black border (from up to
two possible stimuli presented — see example inelapand (ii) the probability of the
probe appearing on a matching or a non-matchinguétis was 50%, as in Downing’s
(2000) original experiment. On half the trials,imgte cue stimulus in a black box was
presented towards the top of the display, on therdbalf of the trials, an additional
neutral stimulus was presented in the centre oEtheen (in an attempt to encourage
equality of attention across the two stimuli). Whei stimuli were presented in the
cue display, the stimuli in the subsequent pringpldy were the same two stimuli, so
that in theory each prime stimulus had received pamable prior exposure. In
addition, the memory stimulus presented at the @néach trial could either be
completely novel (25% of time), the distractor stlos from the cue and prime
displays (25% of time), or the cue stimulus (50%iwfe). Participants practiced for
10 trials and then completed 12 blocks of 10 expenital trials.

Results and Discussion
One participant was removed from the analyses duméan probe identification
accuracy of only 56% (chance performance = 50%)ideRTs were included only

for those trials in which both the probe and themoey test were both accurately
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identified (as above). Mean median RTs and pergentccuracy in the different

conditions are presented in Table 1.

TABLE 1 ABOUT HERE
A two factor ANOVA examining the effects of procedy(single or dual cue stimulus
display presented) and probe match condition waslwtted on median RTs to the
probe. There was a significant effect of probe maf€ ,~6.96, MSE= 4079.08,
p<0.05), but no main effect of procedurg ££2.88, MSE= 4658.68, p=0.11). The
interaction between these two variables did nathresagnificance (Fx=1.25, MSE=
6252.95).

For the accuracy data, there was a highly sigmfiefect of match (F,=19.82,
MSE= 0.008, p<0.001), but no main effect of proced(f »~0.35, MSE= 0.007).
The interaction between these two variables didreath significance (R=1.14,
MSE= 0.005).

For the memory test, accuracy to match vs. mismedciditions were compared, but
there was no significant effect,(j7=1.03, MSE=0.002). Results of post-hoc t tests
investigating differences between all of the pdssdonditions are shown in Table 1.
It can be seen that there were significant effe€tprobe match in both single and
dual presentation conditions for accuracy, but grabe match only had a significant
effect on reaction time in single presentation ¢boals. There were no significant
differences in reaction time or accuracy betweemglsi vs. dual presentation

conditions.

When both stimuli were presented in the cue displaywell as in the prime and
prime-probe displays, our results suggested thiahtan was still more likely to be
directed to the stimulus in working memory. Howeuis was only significant for
accuracy (and not RT) in dual presentation conafitioThe lack of a significant
interaction between procedure and probe matchifbereRT or accuracy suggested
that neither bottom-up priming nor response wealgneffects were adequate
explanations of the effect and that the best exgblan of the effect was working

memory alone.

10
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There was no evidence that previously presenteelctsdbyeceived weaker responses.
The only clear result was that stimuli in workingemmory attracted attention over
stimuli that were not, even if they had been giegoal prior exposure. However, one
problem with the interpretation of these resultthis difficulty of obtaining adequate
control over possible bottom-up priming effects. u$h although a response
weakening explanation has been satisfactorily roltl the possibility that different
amounts of priming were crucial for the effect nas been ruled out. For example, in
the dual presentation condition, it remains a iy that the two stimuli were
differentially primed because more attention wasgegito the stimulus that had to be
remembered. Thus, Experiment 3 attempted to addhesdifficulty of dissociating
working memory and bottom-up priming effects undenditions where the memory
and non-memory stimuli have initially been giverualgattentional allocation and
under conditions where memorised stimuli have heags been primed in a bottom-
up manner. In order to do this, we required obssrt@ hold in working memory a
conceptual representation of a number in workingmory without actually
presenting it, and conversely by encouraging atiento pictorial stimuli, without

actually requiring participants to remember them.

Experiment 3 — Dissociating effects of bottom-up pming and memory
Experiment 3 attempted to dissociate the two pmeEe®f working memory and
bottom-up priming by asking people to paiyention to particular stimuli in the cue
array by counting them (thereby priming the stilpubut to remember only the
number of stimuli presented rather than their idgnEither a competing (neutral) or
a concordant numeral was also presented in thg.dtraas ensured that participants
paid attention to (and therefore primed) both thmeral presented and the stimuli in
the array by asking them to indicate whether theyewn agreement with each other.
Thus, particular pictorial stimuli were visually iped, but not held in memory,
whereas numerical stimuli were either visually gdand held in memory, or simply

held in memory (if a competing number was presénted

In order to investigate the effects of working meynes. bottom-up priming on the
guidance of attention, we then presented variousbawations of numerical and
pictorial prime stimuli. These included contrastitig remembered number with a

novel number, the remembered number with the nlefim@orrect) number presented

11
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in the initial array, and a novel number with theutral number. The possibility of
negative priming (e.g. Tipper, 1985) should alsonbéed in this experiment, since

competing numerals may have to be rejected or ssppd.

In order to further investigate whether bottom-upming of a stimulus could be
sufficient to affect the deployment of attention under car@rcumstances, we also
investigated whether the picture that had beenepted would still attract attention
compared to a novel picture under two conditionsemvthe numeral presented and

the number to be remembered agreed vs. disagreed.

We reasoned that:

)] If bottom-up visual priming was sufficient (memangt necessary) for a
remembered stimulus to attract attention, probegreniously presented
numbersand pictures would be responded to faster regardlésghether
they were remembered or not.

i) If bottom-up visual priming was necessary but neffisient to attract
attention, probes on previously presented numbetgatures would only
be responded to faster if they also had to be rdmesd and, conversely,
remembered numbers would only be responded torfddieey had also
been presented previously.

i) If memory alone is sufficient for a stimulus toratt attention (bottom-up
visual priming is not necessary), remembered nulsierspuld attract
attention regardless of whether they had been pies$epreviously.
Whether or not previously presented pictures dtti@ttention would
depend on whether or not bottom-up visual primirag &lso sufficient on

its own to attract attention (see option i).

Participants

36 first year undergraduate psychology studentsmges) at Aston University
volunteered to participate in this experiment itume for research credits. The ages
ranged from 18-38 years, but the majority of pgrtiats were either 18 or 19 years
old. The mean age was 19.51 years. Participants neive as to the purpose of the

experiment.

12
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Design and Procedure

The experiment was programmed using E prime vlrle@ch trial, a display was
presented (until response) that contained a nurbetaleen one and six, and between
one and six identical photos (see Figure 2). €lpants had to decide whether or not
the numeral agreed with the number of picturefénarray by pressing the ‘c’ and ‘v’
keys marked ‘yes’ and ‘no’ respectively; no timmili was imposed. Half of the time
the numbers agreed (PRIMED condition), half of thee they did not; i.e. the
number was ‘neutral’ (NON-PRIMED condition). Fromd display, participants were
also asked to remember the number of pictures enatinay (analogous to the cue
stimulus in Experiments 1 and 2). A fixation poivas then presented (700 ms) before
a display containing two prime stimuli to the lafid to the right of the fixation point
(187 ms). The two prime stimuli presented in thevarcould be either pictures or
numerals (the STIMULUS TYPE factor), but a mixtwfepictures and numerals was
never presented. This was because pilot work hgdestied that responses to probes
could not satisfactorily be compared across pistaned numerals due to differences
in both RT and accuracy for these stimuli. The salisplay was then re-displayed
containing a “u” or “n” shaped probe (50:50 ratspjperimposed on the centre of one
of the stimuli (50:50 ratio) until response. Papants had to respond as quickly and
as accurately as possible whether the probe was ar“an “n” by pressing the “k”
and “m” keys, respectively. Which stimulus the pgedbll on constituted the factor of
MATCH (match/mismatch; see results section forlfertdetails). Following response
to the probe, a final screen displayed a memomutis in the form of a single
numeral. Half the time this numeral was the nunthat the participant should have
been remembering, the other half of the time it wais Participants indicated which

by pressing the yes or no keys as above; no timiéWwas imposed for this decision.

FIGURE 2 ABOUT HERE

The various experimental conditions are illustratgth examples in Table 2, which
also shows results of post hoc t-tests. If theilahihumeral had agreed with the
number of objects presented in the display (PRIMEDMBER: 50% of time),
pictures occurred 50% of the time with the priméctyse on one side and a novel
picture on the other side. The other 50% of thestihee numeral presented (and to be

remembered) was presented on one side of the gispith a novel numeral on the

13
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other side of the display. If the numeral presemted the number of pictures had not
agreed (NON-PRIMED NUMBER: 50% of time), the picar(one primed and one
novel) occurred only 25% of the time. The otheeéequally weighted conditions
(25% of the time each) contained (i) a novel nuinand the neutral numeral that had
been presented in the first display, (i) a noweeral (neither previously presented
or to be remembered) and the number to be remenchbére. the numeral
corresponding to the number of pictures in theydraas shown in Figure 2 - and (iii)
the numeral to be remembered and the neutral nlimsrgresented in the first

display.

Results and Discussion

As before, for RT analyses only RTs of trials iniethresponses to both the probe and
the memory test were correct were analysed. Firstlyhree factor ANOVA was
conducted investigating the effects on median RTprobes. The effects of interest
were whether or not the number to be rememberedlsadeen previously presented
(PRIMED/NON-PRIMED NUMBER), whether pictures or narals were presented
in the display (STIMULUS TYPE) and whether the prdbll on the “matching” item
or not (MATCH). Matching was defined when the protas on either the number to
be remembered, or the pictures that had been gexhlaas opposed to either the
neutral or novel numerals and the neutral pictdres analysis did not, therefore,
encompass all of the conditions in the experimént, was suitable for an initial
analysis in order to preclude problems of multiptanparisons with limited cell

membership (observations) and allow for investiatiof main effectfs

The main effect of PRIMED/NON-PRIMED NUMBER was ndignificant

(F1,35=1.96, MSE=4389.50), suggesting that the formathefinitial display had no
significant main effect on reaction times to sulhmeyd probes. Effects of both
STIMULUS TYPE and MATCH were significant {gs= 18.26, MSE= 10332.14,

! The ‘number vs. novel’ conditions were used to @spnt the numerical stimuli in
this analysis since these data were availabledtr levels of the PRIMED/NON-
PRIMED NUMBER factor (e.g. no observations in tiRIMED number vs. neutral

number condition cell).

14
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p<0.001 and F35=6.59, MSE=9943.33, p<0.05) showing that, overptbbes on
numerals were responded to faster than probes aor@s and that, as expected,
probes on matching stimuli were responded to fa$tan probes on non-matching
stimuli. There was also a significant PRIMED/NON{RED NUMBER x
STIMULUS TYPE interaction (Ess=4.74, MSE= 1732.66, p<0.05), showing that
whereas for responses to probes on the pictuidid ot make a difference whether
or not the remembered number had been presentedeirfirst display, for the
numbers, probes were responded to faster if thdybkan presented. However, there
was also a significant three way interaction #£6.76, MSE= 2892.94, p<0.05),
suggesting that when remembered numbers had not pesented the effect of
MATCH was similar for both stimulus types, wheredasen the remembered number
had been presented, the effect of MATCH was gre&deshe numerals.

In order to simplify the analyses, and due to tired¢ way interaction found, a series
of t-tests was conducted to examine the effectd AT CH across various pairings of
stimuli. The results of these tests are detailetbvibebut also illustrated more

succinctly in Table 2.

TABLE 2 ABOUT HERE

Firstly, in the conditions in which the rememberadnber was presented, the effect
of MATCH was significant for the comparison betwede numeral presented (and
remembered) and a novel numeral (874 vs. 909m$)=83%4, p<0.005). This
replicates the basic effect that stimuli in workinggmory attract attention, at least
when bottom-up priming is present. However, thees wlso a strong trend towards
an effect of MATCH for the comparison between thetyse presented and a novel
picture (928 vs. 979ms, t(35)=2.01, p=0.052). THuggests that bottom-up priming
effectsare sufficient to affect the deployment of attention.

In the conditions in which the remembered numeras wot presented, the effect of
MATCH was again significant for the comparison betw the numeral to be
remembered and a novel numeral (892 vs. 934m9~(B86, p<0.05) and the neutral
numeral (939 vs. 873ms, t(35)= 3.92, p<0.001).dfasisponses to probes were given

on the number to be remembered, even though itnloagreviously been visually
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presented, showing that bottom up visual primingias necessary for the effect
reported by Downing (2000) to occur and that wogkimemory alone is sufficient.
Interestingly, the differences in latency betweember vs. neutral was greater than
that between number vs. novel, suggesting thablmttp priming effects are at the

very least ‘over-ridden’ by working memory effetts

In terms of the accuracy data, there were no sagmt differences between any of the
conditions, although in the equivalent 3 factor AWOto that performed for the RTs,
there was a trend towards significance s¢-= 3.49, MSE= 0.00, p=0.07). This
suggested that the effect of MATCH was larger fiotyses than numbers when the
number to be remembered had been presented, wibeeapposite was true when
the number to be remembered had not been preseNmtke of the post-hoc

comparisons reached significance.

Overall, the data from this experiment suggested Hottom-up visual priming (i)
may be sufficient to attract attention, but (ii)nst necessary - memory alone is
sufficient. The first conclusion, however, needsb® qualified. Although a trend
towards an effect of MATCH (p=0.052) was foundhe tondition where the number
was primed, no such pattern was observed in thdittom where the number was not
primed. A two factor ANOVA investigating the effectf PRIMED/ NON-PRIMED
NUMBER and MATCH on median RTs to probes on pictuicund no main effect of
MATCH (F1,35= 0.001, MSE= 3689.41), no main effect of PRIMEBIDN-PRIMED
(F135 =1.66, MSE=10667.86), but a significant interactioetween the two factors
(F1,35= 6.50, MSE=4748.51, p<0.05). The disappearanemypfeffect of probe match
to the picture stimuli in the condition in whichetie was no agreement between the
number of pictures in the array and the numeradeared suggests that the previous
presentation of the pictures waat enough to attract attention in the subsequenyarra
under these conditions. However, equally, the thet there was a strong trend
towards an effect of probe match in the conditionwihich therewas agreement

between the number of pictures and the numerakpted, suggests that primiogn

>Negative priming of the novel numeral is one patigjtof the increased effect, but
the explanation seems unlikely since neither th#rakvs. novel condition (899 vs.
908ms, t(35)=-0.685, n.s.) nor the picture vs. hpieure conditions (957 vs. 950ms,
t(35)=-0.50, n.s.) showed a significant differema either direction. However, both
differences were in the expected direction foegative priming effect.
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result in such effects. We speculate that attent@y be directed away from the
number in the display when it is not the correat tm remember. This would lead to
the presence of inhibitory processes which coulll mduce any effects of bottom-up
priming. In contrast, when the number of pictured ¢he number match, the display
does not have to be inhibited in any way and aoboitip priming effect may emerge
in this case. Further research will be requirefutly elucidate why these difference

have occurred.

For now, we may conclude that stimuli held in watkimemorydo seem to attract
attention and that priming is not necessary (bwy b® sufficient) for this process to
occur. It is interesting to note, that the effeofsholding a stimulus in working
memory and of bottom-up visual priming do not apgeabe additive. Although this
experiment was not specifically designed to tes tiypothesis, post-hoc analyses
suggested no significant differences between tleedp of responses to probes on

remembered numerals in any of the three relevamditons.

Experiments 4 and 5 — Controlling for strategy effets
Experiments 1 and 2 were close adaptations of Dogi#i(2000) methodology in that
the probe appeared for 146ms before disappeariogekter, in Experiment 3, pilot
studies suggested that participants needed longhetéect the probe accurately, and so
the probe was presented until a response was rbadening (2000) reported effects
for both reaction time and accuracy. In Experimdngnd 2 we found effects mainly
on accuracy, whereas in Experiment 3 our effecteevealy on reaction time. The
inconsistency in methodology between the experimeeems a likely cause of the
discrepant locus of effects. However, an altermathiew is that it could indicate
differential strategies by the participants (i.pead — accuracy trade-off). Downing
(2000) emphasised effects of reaction rather tlt@aracy. In Experiments 4 and 5
we investigated whether we could replicate theltesd Experiments 1 and 2, but, by
altering the presentation time of the probe, shidteffects to reaction time rather than

accuracy.

Design
The design and procedure of Experiments 4 and % videntical to those of

Experiments 1 and 2 respectively, with the follogvoaveats. In both experiments the
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probe was presented until a response was madexdeariment 5, the cue stimulus
could be presented either towards to top (50% [itihg or the bottom (50%
probability) of the display. The latter was a hat attempt to ensure that both cue

objects were viewed.

Participants

14 first year undergraduate psychology studentsf¢ahale) at Aston University
volunteered to participate in Experiment 4 in retéor research credits. The ages
ranged from 18-47 years, but the majority of pgydots were either 18 or 19 years
old. The mean age was 21.93 years. 16 first yedengnaduate psychology students
(1 male) at Aston University volunteered to papate in Experiment 5 in return for
research credits. The ages ranged from 18-33 ykatshe majority of participants
were either 18 or 19 years old. The mean age wa$ J@ars. Participants were naive

as to the purpose of the experiment.

Results and Discussion

The results of Experiment 4 were analysed as ineExpent 1. One-factor repeated
measures ANOVAs were performed on (i) median RTprabes in the two match
conditions (ii) accuracy to probes in the two matohditions and (iii) accuracy to the
memory task in the two match conditions. For RTdy @orrect trials were included
in the analysis (accurate identification of prob®d anemory performance — see
Downing, 2000). Despite extremely high accuracyelgevaccuracy was significantly
higher in the match vs. the mismatch condition @0@s. 99%, F15=7.58,
MSE<0.01, p<0.05). Median RTs were also signifigadifferent (756ms vs. 806ms,
F1,15727.25, MSE= 636.80) with faster performance inahatonditions. In the final
block, all participants’ accuracy was 100%, butré¢heemained a significant effect on
reaction time (F15=5.41, MSE=7254.74, p<0.05) with faster performairmcenatch
conditions. Mean accuracy in the memory task wa&é #8both match and mismatch

conditions (F<1).

The results of Experiment 5 were analysed as ireEwxpent 2. One participant was
excluded on the grounds of poor performance inntlieenory task (62% correct). A
two factor ANOVA examining the effects of procedufgngle or dual objects

presented) and probe match condition was condumtethedian RTs to the probe.
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There was a significant effect of probe match (F27.82, MSE= 4891.10,
p<0.0001), but no main effect of procedure; (F1.34, MSE= 2727.32). The
interaction between these two variables did nothesignificance (F<1). For the
accuracy data, there were no significant effectsntaractions (all F's<1). For the
memory test, accuracy to match vs. mismatch cawditwere compared, but there
was no significant effect (k+~3.41, MSE=0.001, p=0.098), but a trend towards a
higher performance in match conditions (96% vs. 4%

TABLE 3 ABOUT HERE

Results of post-hoc t tests investigating diffeemndetween all of the possible
conditions are shown in Table 3. It can be seehttiee were significant effects of
probe match in both single and dual presentatiowlitions for reaction time, but that
there were no significant effects on accuracy. &lveere no significant differences in

reaction time or accuracy between single vs. dueggntation conditions.

Together, the results of Experiments 4 and 5 pevehssurance that the original
inconsistency between Experiments 1 and 2, andriirpet 3 is unlikely to be due to
strategy effects. Rather, whether the effects ahgbged in terms of reaction time or
accuracy is more likely related to the presentatr@thod of the stimuli, which was

initially different across the experiments.

General Discussion
The results from the experiments presented heneftire show that attention is
drawn towards stimuli held in working memory, ewenen they have not previously
been presented (Experiment 3) and when there istnadegic benefit in doing so
(Experiments 2 and 4). Thus, we offer further suppor the biased competition
model of attention (Desimone and Duncan, 1995)ciwhias suggested that top-down
control signals arising from working memory candguattention. In Experiment 3 we
showed that working memory could influence selectioa purely top-down manner.
In addition, and in contrast with previous studie®, have found some preliminary
evidence to suggest that, under certain conditibogom-up priming may also be

able to guide attention.
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The modular architecture of working memory (BadgelE999) presents a number of
possible sources of influence on the allocatioratdéntion. Traditionally, working
memory effects are thought to represent the infleeof visual working memory;
however, it may be that participants verbalise glirthat they have been asked to
remember and that verbal, rather than visual wgrkinemory is therefore the
mediating mechanism. Further research would beinedjtio distinguish between the
two possibilities. Potter (1975) suggested thaeols's recognised target pictures in
rapid serial visual presentation streams as aalyrahd ‘almost as rapidly” (p.965)
when only the name of the picture was presentedvren the picture itself was
presented. Cooper (1974) showed that the contespaken language could influence
eye movements, participants fixating the refereftthe words being heard. Huettig
and Altman (2005) showed that this also appliedeferents semantically related to
those being heard. Thus, in Experiment 3 in pddrguit could be considered
relatively unsurprising that stimuli that have been presented visually, but probably
have been internally verbalised in working memaitjract attention. The experiments
presented here were not designed to tease outlwesbaisual working memory
effects. Rather, we aimed to show that bottom-umipg is not necessary for such

effects to occur and that top-down selection i§igent.

Although some caution needs to be exercised inrgreéng our marginal effect
suggesting that bottom-up priming can have effeatattention, we could speculate
why our results hint towards this, whereas no seiflct was found in Soto et al
(2005). One possible reason is because the stimayi not have been sufficiently
primed in Soto et al (2005) since participants bt have a task to perform on them,
stimuli were ignored with no further consequenaaspierformance. Second, Soto et
al (2005) used a visual search taglhere the memory and search target stimuli were
presented simultaneously. Under these conditidres ptesence of the search target
may have ‘won the competition’ against the basidtdm-up priming effect
originating from the prior presentation of the meyncue (see also Moores, Laiti and
Chelazzi, 2003). Further, in Soto et al (2006) meneifects were observed with a
‘pop-out’ search target which in itself captureteation automatically. Under these
conditions, bottom-up priming effects may be lessagable. In our study, there were

no competing stimuli presented with the targetcaitne prime display was presented
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before the probe. This could have facilitated trenifestation of bottom-up priming

effects in our study.

We found no evidence to support the argument madéddwning (2000) that
responses made to previously exposed stimuli arsesuentlyweakened if they are
not remembered. In Experiments 2 and 5 there wastamaction between condition
(one object vs. two objects) and probe match; i loonditions a more or less equal
increase of either speed or accuracy was found wieeprobe appeared on the object
matching that in working memory. Furthermore, impEsiment 3 a marginal effect of
prior exposure occurred only when the numbers Wwettom-up primed and not when
the initial display effectively had to be inhibiteds noted above, Soto et al (2005)
found no effect at all of prior exposure or primirurther research may be able to

elucidate the reason why different procedures deewsult in different effects.

In conclusion, our results provide support for thew that stimuli held in working
memory guide attention in a largely involuntaryhias. In addition, we show that
stimuli do not have to have been shown previousittie guidance to take place, but
instead that conceptual representations retrieverh flong-term memory can be
sufficient. Furthermore, we provide preliminary @éemce that previous exposure or
priming can result in similar effects under somecwnstances, although further

research will be required to elucidate the fullunatof this effect.
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Figure 1. Procedure for Experiment 1

P

Cuc Display: Remember stimulus 1506 ms

Fixation Point: 1506 ms

¢

g Prime Display: 187 ms

@ g Prime and Probe Display: 146ms u or n?

+

Fixation Point until response

r"-’

Memory test: yes or no?
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Figure 2. Display Procedure for Experiment 3 .His example, the number to be remembered is thessa(se there are three stimuli shown),

the novel numeral is 4 and the neutral numeral is 1

gee Initial Display: Agreement? Yes or No?
4

4 Fixation Point: 700 ms

3 1 Prime Display: 187 ms

% 1 Prime and Probe Display: u or n?

6 Memory test: yes or no?
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Table 1. Median RTs and percent accuracy in tHereiit conditions of Experiment 2.

One object present

i

Two objects present

d

One vs. two object

& a significance
Probe match RT 735ms 729ms n.s.
Probe match Accuracy 83% 85% n.s.
Probe mismatch RT 791ms 746ms n.s.
Probe mismatch Accuracy | 76% 75% n.s.
Significance RT p=0.06 n.s.
Significance Accuracy p<0.05 p<0.001
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Table 2.Mean of median RTs and mean percent accurdbe different conditions of Experiment 3.

Non-primed Primed
®» o ®
vt eee
Comparison Number vs. | Neutral Number vs. | Picture vs. | Number vs. | Picture VS.
(stimulus Novel vs. Novel | Neutral Novel picture | Novel Novel picture
considered thi1, P s 4 » ﬁ s 1 * g
‘match” given first '
and in bold type
Probe match 892ms 908 ms 873 ms 957 ms 874 ms 928 ms
RT/Acc 99% 98% 98% 99% 98% 99%
Probe  mismatch 934 ms 899 ms 939 ms 950 ms 909 ms 979 ms
RT/Acc 96% 97% 97% 97% 97% 97%
Significance RT* | p<0.05, n.s. p<0.001 n.s. p<0.005 p=0.05
Significance Acc.*| n.s. n.s. n.s. n.s. n.s. n.s.

* pvalues are for paired t-tests testing match vsmatch in the conditions concerned
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Table 3. Median RTs and percent accuracy in tHeréifit conditions in Experiment 5.

One object present

&

Two objects present

4

One vs. two object

L4 g significance
Probe match RT 759ms 746ms n.s.
Probe match Accuracy 99% 99% n.s.
Probe mismatch RT 856ms 839ms n.s.
Probe mismatch Accuracy | 98% 99% n.s.
Significance RT p<0.0001 p<0.001
Significance Accuracy n.s n.s
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