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1. ABSTRACT 
 

One could argue that studies of how we scan our 
visual environment have been stuck in the eternal present, 
investigating the properties of a particular search situation 
without reference to what has occurred before. There is, 
however, increasing evidence that what we have previously 
viewed, perhaps only moments before, has a large influence 
on what we see, what grabs our attention and how we 
organize the visual scene. A large amount of evidence 
pertinent to the question of what has been termed priming 
in visual search is reviewed here, evidence from 
psychophysics, neurophysiology and neuropsychology. 
Two theoretical accounts of priming are contrasted, the 
view that priming reflects facilitation of the processing of 
specific features versus views that priming reflects 
facilitated object formation and subsequent response 
selection. Strong versions of either view are rejected as 
neither can explain all the available evidence on their own. 
It is concluded that priming in visual search is probably not 
a unitary phenomenon but can reflect processing changes at 
various levels of the hierarchy of perceptual processing. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2. INTRODUCTION 
 

When we attend to a red rose among the green 
leaves of a rosebush this has an effect on how we subsequently 
orient our visual attention. When we glance away from the 
rose our attention is more likely to be drawn to another red rose 
around us, or something that shares properties with it, such as 
another object of the same color. When we search our visual 
environment our attention is thus not only drawn towards the 
salient items, the new items, the items that have a high contrast 
against the background or those that differ in color from the 
background as the rose does from the leaves, but also to items 
that have recently been important to us for one reason or 
another. When what we have recently seen influences what we 
subsequently see, this is known as priming (1-4). Research on 
such priming effects indicates that our visual system is 
generally sensitized to things that it has processed recently and 
that those items are processed faster than otherwise (5). 

 
Searching for the red rose is an example of a 

visual scanning task (6) or what is now better known as a 
visual search task (7-9). Studies of how we search such a 
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scene for a particular target can tell us much about how our 
visual system operates and what it considers important. 
Many have, in fact, argued that evidence from such tasks 
can tell us what has been important to us in our 
evolutionary past (10,11). Studies of how we perform 
visual search and what we attend to are, however, often 
focused on how the search occurs in the here and now, not 
on how our recent experiences and goals affect the search. 

 
Recent years have seen a rising interest in how 

what happens in the immediate past affects what we 
subsequently see. Kristjánsson and Nakayama (12, see also 
5,11) have argued for the existence of a primitive memory 
system, not under any form of voluntary control, for 
orienting our visual system, that focuses our attention on 
what we have recently seen and has been important to us 
for one reason or another. The evidence for such a memory 
system comes mainly from studies of how what we 
perceive and act on in one instant affects how we 
subsequently process visual stimuli. While the behavioral 
characteristics of such effects are becoming increasingly 
well known, such effects at the neural level have, in recent 
years, also started to receive attention.  

 
The current text is a selective summary of 

research on these issues, focusing on evidence from 
psychophysics, neuropsychology and neurophysiological 
studies of monkey and man as well as some of the most 
prominent theoretical developments that have surfaced in 
light of the experimental evidence. 

 
3. A SELECTIVE SUMMARY OF THE 
BEHAVIORAL FINDINGS 
 

Treisman (13) reported results of experiments 
studying the influence of what occurred on the last trial on 
visual searches where a single feature distinguished the 
target from distractors (a feature search) and conjunction 
searches where the observer searches for a target defined 
by the particular combination of two different features, 
such as color and shape. Treisman found an intertrial 
priming benefit in response times of 10% to 15% when the 
same target appeared in the same location as on the last 
trial. The benefit was halved when the same target appeared 
in a different location – but Treisman found no benefit for a 
new target in the same location as a previous target of a 
different sort.  

 
The experiments of Maljkovic and Nakayama 

(14,15) have been very influential in terms of the 
behavioral effects of priming in visual search. Their 
observers were instructed to look for the oddly colored 
diamond among distractors of a different color and judge 
whether the target diamond had a notch at the right or left, 
a task introduced by Bravo and Nakayama (16). Maljkovic 
and Nakayama (14) found that observers were considerably 
faster to make the discrimination if the color of the target 
was the same as on the last trial.  

 
Maljkovic and Nakayama (15) also found that 

repeated position of the target speeded search, even though 
it’s color changed, which Treisman (13) did not find. They 

also found that effects from repeating target color and 
target position could be disentangled, with separable effects 
for the two, but also that the two can build up 
simultaneously. Position priming has also been found by 
others since (17-21). The discrepancy between Treisman’s 
finding and Maljkovic and Nakayama (15) might be 
accounted for in terms of differences in task. Treisman´s 
task involved a present/absent judgment whereas the task 
used by Maljkovic and Nakayama involved judging 
whether a diamond target that was present had a notch at 
the right or left and presumably required the application of 
covert focal attention towards the target location (5). 

 
Kristjánsson, Wang and Nakayama (22; see also 

13,23,24) found priming with feature repetition where a 
single feature does not designate the target (a conjunction 
search task). Thus search for a red vertical bar among red-
horizontal and green-vertical bars is speeded if the 
orientation of the target is the same as on the previous trial, 
but not if the target changes from vertical to horizontal. 
These studies have also indicated that recent history may in 
fact contribute significantly to effects that have often been 
attributed to top-down attentional guidance (see also 25, 
and further discussion in section 8, here). 

 
Priming does not occur under all conditions in 

visual search. Olivers and Meeter (26) pointed out that 
priming is much less, or even absent, when the response 
property is unrelated to the target property (known as a 
compound search task). For example, Kumada (27, 
experiments 1A and 1B) found that when observers 
performed singleton search tasks (targets defined by 
contrast on single features; orientation, color or size) 
intertrial priming with repetition of a target feature 
occurred when the response was on the target defining 
dimension (the task was to respond whether a target was 
present or absent). However, when the same target had to 
be localized and a discrimination made on the target itself 
no repetition priming was seen. This result from Kumada 
was seemingly at variance with what Maljkovic and 
Nakayama (14) found since their task was also a 
discrimination on the target (to locate a notch on a 
diamond).  

 
Olivers and Meeter argued that this apparent 

discrepancy could be accounted for in terms of the 
ambiguity inherent in the task. As an example, there is 
more ambiguity about target identity with few distractors as 
in the Maljkovic and Nakayama study (their search was for 
a target among only two distractors) than in the Kumada 
study where there was a large number of distractors on the 
screen (see further discussion in section 8). According to 
Olivers and Meeter ambiguity of this sort is essential if any 
priming is to occur. Note, however, that Muller and 
Krummenacher (28) found that the overall magnitude of 
priming is reduced in compound tasks only when the 
required response is different than that on the preceding 
trial.  

 
 In addition, quite a bit of evidence has surfaced 

in recent years showing that priming is not simply bound to 
the target in each case. Kristjánsson, Wang and Nakayama 
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(22, 23) found that priming occurred on trials where no 
target was present as well as on trials where a target was 
present. They did not, however, have experimental power 
to determine whether this was due to target repetition only 
facilitating the subsequent decision that no target was 
present or actual priming from repeated distractor sets. 
Tasks where target and distractor features are varied 
independently of one another on consecutive trials have 
subsequently revealed that such priming of distractor sets 
(or context) is a real and robust phenomenon that can be 
dissociated from priming due to target repetition (29). 
Kristjánsson and Driver (30) showed that facilitation of 
performance with repetition can take place between two 
adjacent target absent trials. Thus priming can operate on a 
search array that contains no target to be acted on. The 
priming effects do not simply operate on the target, or the 
“object of attention” in each case. Kristjánsson and Driver 
found that this priming from repeated distractor sets (what 
might be termed priming of context) applied to both feature 
and conjunction search tasks. 

 
Geyer, Muller and Krummenacher (29) then 

found, using a conjunctive visual search task, that distractor 
repetition can even overshadow priming related to the 
target. They found that when distractor orientation was 
repeated, additional repetition of the target orientation had 
almost no additional effect. The findings of Geyer et al. 
were for conjunctive visual search (see also 31) suggesting 
that such distractor priming effects may not apply in feature 
search to as large an extent. 

 
It is thus clear that priming between trials in visual 

search is very strong and applies to various types of task, 
and aspects of task. The importance of such priming is thus 
obvious for theories of visual search, an issue that will be 
further discussed in section 8. A number of other history 
effects on attentional orienting have been found, such as 
probability cueing (32, 33), inhibition of return (34,35) and 
contextual cueing  (36) but detailed discussion of those is 
beyond the scope of the current review (see ref. 11, for 
discussion). 

 
4. DIMENSIONAL WEIGHTING 
 

It is well known that there are large differences in 
visual search performance depending on whether the target 
is the same throughout a block of visual search trials or not 
(16, 37, 38). Not only does trial to trial priming affect 
search, as discussed above, but also what has been called 
dimensional weighting within a series of trials (39). A 
change in the target defining dimension results in a cost in 
terms of performance, from the change of the dimension 
defining the target. For instance, if the target changes from 
being the oddly colored item in the scene to being the oddly 
shaped item, search times are slowed relative to when the 
target changes but the target-defining dimension stays 
constant. Such uncertainty adds a constant factor to the 
reaction times in a visual search task (see 40, however, for 
some exceptions to this that may apply under certain 
conditions). It seems that changes in feature dimension 
incur a slowing effect upon search that is unrelated to set 
size, so it probably does not have its major influence on the 

search rate, per se, but rather on processes prior to the 
search or at a stage of response selection (39). Wolfe and 
colleagues (31) have, for example, argued that increased 
uncertainty increases response times but does not reduce 
search efficiency. 

 
According to Muller et al. the cost reflects 

computations operating in parallel across the visual scene at 
an early level of visual processing. Muller et al. argued that 
target detection is based on feature contrasts that reflect the 
dimension that our visual system is weighted towards and 
are thus dimension specific, depending on the particular 
search type, and search is slowed considerably when the 
target dimension changes. For fast search to occur the 
attention system must be weighted towards the feature 
dimension that defines the target, and a cost is incurred 
when an attention shift is made to another dimension. The 
dimension weighting causes intertrial facilitation since the 
weight pattern persists throughout a block of adjacent trials 
if the target defining dimension remains constant.  

 
Found and Muller (41, see also 98) argued that a 

substantial component of intertrial priming effects, the 
topic of the current review, could be explained by 
dimensional weighting and that the priming pattern was 
(largely) dimensional rather than featural. On the other 
hand, Kristjánsson (42) found considerable priming from 
irrelevant feature dimensions on the target (see also 30), 
but the degree to which the feature is attended or 
unattended is not settled, especially given that the irrelevant 
feature was nevertheless a feature of the target. It should be 
noted, though, that the feature priming from the task 
irrelevant features was variable for different features. Also 
Maljkovic and Nakayama (15) found that feature priming 
and position priming had an additive effect on response 
times in a task where position was unrelated to the task (see 
also 18) which again suggests that the task relevant 
dimension cannot account for all intertrial priming in visual 
search1. Muller and colleagues (43), have then showed that 
dimensional weighting can in some cases be more potent 
than cueing of features in producing intertrial facilitation 
indicating that dimensional weighting can certainly explain 
components of intertrial facilitation effects, how the large 
the component is, however, is not currently clear. 

 
Pollmann and colleagues (44) studied 

dimensional weighting with fMRI and found that 
frontopolar cortex and preguneal frontomedial cortex 
bordering the anterior cingulate cortex are strongly 
activated during dimension switches. The ACC is known to 
be involved in task monitoring and task conflict (45,46) in 
conjunction with dorsolateral prefrontal cortex(47). The 
connection between the switch related activity that 
Pollmann and colleagues found and control structures such 
as the ACC is a particularly interesting avenue for further 
study. Also of interest in their studies (see also ref. 48) was 
that attentional networks in parietal areas show such 
activations as well, but not the prefrontal part of the 
attentional network which is reasonable given that 
dimension weighting should by definition be non-spatial 
and the frontal areas most often thought to be involved in 
attentional orienting, such as the frontal and supplementary 
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eye fields seem to be particularly involved in attention 
shifts in space as well as saccade programming to change 
the direction of gaze. Pollmann and colleagues (45), also 
found some switch related modulations of BOLD signal in 
brain regions involved in the analysis of specific feature 
types (such as V4 and V5 for color and motion defined 
targets). As we will see in section 7, evidence from fMRI 
indicates that priming may operate at such low levels of the 
perceptual hierarchy as well, arguing for “lower level” 
feature-based priming, although we are not suggesting that 
these effects are necessarily the flipside to those found by 
Pollmann and colleagues for dimension changes. 

 
5. SINGLE-CELL NEUROPHYSIOLOGY IN NON-
HUMAN PRIMATES 
 

Bichot, Schall and Thompson (49) observed that 
neurons in frontal cortex of macaque monkeys show 
modulation of activity as a function of experience. Their 
experiments showed that FEF neurons gradually develop 
feature selectivity if the monkey performs a search 
repeatedly for the same sort of target. Bichot and Schall 
argued that this reflects “experience dependent plasticity 
that mediates the learning of arbitrary stimulus-response 
associations.” Olson and colleagues (50,51) have reached 
similar conclusions using a quite different task (52). 

 
In subsequent studies Bichot and Schall (53) 

found that repetition of target features improved 
performance on a task where the monkeys made saccades 
towards a target in a pop-out search task. McPeek, 
Maljkovic and Nakayama (54) have also demonstrated that 
humans show speeded eye-movements towards targets 
where color is repeated, in a task similar to the one used by 
Maljkovic and Nakayama (14,15). 

 
In particular, Bichot and Schall (55) investigated 

the response properties of single neurons in the frontal eye 
fields of macaque monkeys as priming in a conjunctive 
visual search task developed. They found that the neurons 
discriminated target properties earlier and better when the 
same features distinguished the target as on the last trial. 
They also found that these neurons tended to have an 
enhanced representation  of a distractor that had previously 
been the target. This manifested itself behaviorally as a 
strong tendency to make errant saccades to a distractor that 
shared properties with a target on the previous trial. They 
showed that this pattern also applied to feature search tasks 
(53). 

 
It is important to note, with regard to the studies 

of Bichot and Schall, that the monkeys performed saccades 
towards the targets rather than responding on a keyboard as 
is the case in the majority of the studies on humans (an 
exception can be found in ref. 54). Maljkovic and 
Nakayama (15) found that visual search was speeded when 
target position was repeated, while the saccade latencies to 
targets in repeated positions were longer than otherwise for 
the monkeys in Bichot and Schall´s studies. Bichot and 
Schall (55) pointed out that this could be accounted for by 
differences in repetition priming patterns for position, as a 
function of task (17,56 but see 54). Location discrimination 

tasks resulted in short lived increases in response times 
when position was repeated, whereas position repetition in 
feature discrimination tasks produced a decrease in 
response times that was longer lasting than the transient 
increases (17,56, which may in fact be related to what is 
known as inhibition of return, 34,35). It is thus possible that 
there is a difference between eye movement tasks and 
discrimination or simple detection tasks possibly 
corresponding to the proposed distinct pathways for 
perception (ventral pathway) and action (the dorsal 
pathway, 57,58). There is, in fact, some indirect evidence 
for this view in a study of priming for patients suffering 
from hemispatial neglect (19) since these patients showed 
intact color priming but position priming was compromised 
under certain conditions for the patients with parietal 
lesions. The parietal cortex is, of course, considered to be 
part of the dorsal pathway for action. 

 
6. EVIDENCE FROM NEUROPSYCHOLOGY 

 
Kristjánsson and colleagues (19) investigated 

priming in a singleton search task similar to the task used 
by Maljkovic and Nakayama (14,15) on neglect patients 
with lesions of the parietal cortex and the temporoparietal 
junction following stroke. Part of the goal of the study was 
to investigate proposals that priming in search affects 
attention deployments (5,11,12,59) by testing whether the 
patients with this attention deficit would show intact 
priming in visual search. 

 
In a reaction time task where the search array was 

present until response, reliable priming by repeated target 
location, as well as by repeated target color, was found for 
the patients. Priming was observed from repeated targets 
both in the left and right visual hemifields and the priming 
also affected both hemifields. Priming of singleton visual 
search can thus occur from left-sided targets in the patients 
to the same extent as at other locations in these search 
conditions and also improve patients’ performance on their 
neglected left side. Priming of visual search can also arise 
from their left side, i.e. a target on the left can speed 
detection of a target in other locations in the visual field. 

 
In experiment 2 (19), the patients performed a 

secondary task of identifying a small character at display 
center interleaved between similar successive visual search 
trials. This was to rule out that location priming could be 
caused by the lingering of the observers’ gaze at the 
location of the last target. Both patients showed reliable 
color and position priming on the right and left further 
confirming intact priming for these patients, as seen in 
experiment 1. 

 
It was only when brief displays were used 

(stimuli presented for 200ms), with the result that the 
patients missed a large amount of targets in their affected 
hemifield, that any priming deficit was found. There were 
now three possible responses: a notch at top or bottom, or 
no target (the target was present on 80% of the trials only). 
The results revealed an interesting dissociation between 
color and position priming: Although color priming 
occurred regardless of whether a preceding left target had 
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been consciously detected or had escaped awareness (i.e. 
the patients responded that no target was present even 
though it actually was), location priming depended on 
awareness of that preceding target, with no such priming 
occurring when the preceding left target escaped 
awareness. 

 
These results converge rather well with some 

prior research on patients with neglect (60,61) where 
“implicit” effects on perception from neglected stimuli in 
the affected left side were found. Imaging studies of  
neglect patients have then shown that ventral regions of the 
visual cortex can still be activated unconsciously by stimuli 
on the affected left side that escape awareness (62-65) 
showing that the influence on perception of those stimuli 
can be strong even though they go unnoticed perhaps 
because of ventral stream activity that does not reach 
awareness. 

 
This result also shows that awareness is not 

always necessary for priming to occur since color priming 
could arise from missed left side targets. This fits well with 
findings that irrelevant and presumably unattended features 
in pop-out visual search can still result in priming (42). 
Attending to the target is thus not always necessary for 
priming to occur. 

 
Saevarsson and colleagues (66) have investigated 

priming of distractor sets, or context, for neglect patients. 
Two tasks were tested, a reaction time task as well as an 
accuracy task with brief masked displays. They found that 
priming of distractor sets (as described in section 3) could 
increase detection rates and decrease response times to 
targets in the affected hemifield of neglect patients. 
Especially striking was that the rate of noticing of a left 
visual field target increased from close to zero up to 40 to 
50% when the context was repeated. This is a dramatic 
example of how powerful priming of context can be 
(22,23,29,30). This is also further evidence for considerable 
higher level visual processing of stimuli that go unnoticed 
in hemispatial neglect (61). 

 
Areas in temporal cortices seem important for 

priming as well (see also discussion in section 7). Walsh et 
al. (67) found that lesions of areas V4 and TEO in 
(macaque) monkeys led to diminished repetition priming of 
pop-out search even though performance on the task itself 
was unimpaired. This result is consistent with what was 
found for neglect patients in (19) where color priming was 
intact for the patients who indeed had intact temporal 
cortices despite their parietal lesions. Similar conclusions 
for motion sensitive areas (V5/MT) have been seen with 
neural disruption through transcranial magnetic stimulation 
of humans (68). The lesioning and TMS studies strongly 
indicate that studies of patients with damage in ventral 
stream areas would be of great interest. 

 
A tentative conclusion from neuropsychological 

studies of priming could be that feature priming is mostly 
mediated by areas in temporal cortex while parietal areas 
may be more important for intact position priming. This 
would fit well with what is traditionally thought to be the 
respective gross functions of the dorsal and ventral visual 

processing streams (57, 58). Evidence from neuroimaging 
of humans has indicated that this may not be the whole 
story, however (see section 7). The findings on neglect 
(18,66) also suggest that considerable processing of stimuli 
in the affected hemifield occurs that never reaches 
awareness, which can then influence visual processing of 
the stimuli on the next trial. 

 
7. NEUROIMAGING OF HUMANS 
 

Kristjánsson and colleagues (18) used whole 
brain imaging of humans to study the neural correlates of 
priming in visual search, again using a modified version of 
the Maljkovic and Nakayama task (14). Before describing 
the results in detail it should be noted that all the effects 
that surfaced in conjunction with the behavioral priming 
pattern were repetition suppression effects where neural 
activity, as measured with the BOLD signal, was reduced 
with repetition (69). 

 
Repetition of target location led to suppression of 

the BOLD signal in bilateral intraparietal sulci, the anterior 
cingulate, as well as other neural structures often associated 
with the control of spatial attention, such as the frontal eye 
fields (FEF) and inferior regions of right parietal cortex. 
Geng and colleagues (21), using a task where a target 
sometimes appeared on it’s own and sometimes with a 
distractor, also found repetition suppression in attentional 
control structures following repeated target location. 
Interestingly these effects were only seen when a distractor 
was also present, showing that uncertainty about target 
location and/or identity may be crucial for repetition 
priming to occur (26, 70). 

 
Repeating target color instead of target location 

led to BOLD suppression not only in brain regions that 
were largely common with those affected by location 
repetition but also in some distinct regions notably in the 
left inferior temporal cortex, close to a region previously 
associated with color cognition (71,72) independently of 
where in the visual field the target appeared. The repetition 
effects in FEF are consistent with the findings from single-cell 
neurophysiology in monkeys explained in section 5 (53,55).  

 
The location-specific effects depended on the 

current target hemifield in a contralateral manner. For a 
target in the left visual field, greater location than color 
repetition effects were found in right inferior parietal 
cortex, anterior IPS, and inferior frontal gyrus, whereas for 
a right visual-field target, this applied to left IPS and 
medial left FEF. 

  
In addition, repetition of both color and location 

led to repetition suppression in control structures such as 
the FEF and IPS, but the most distinctive effect was in an 
anterior part of the left fusiform gyrus. This region showed 
repetition suppression only when both color and position 
were repeated together, but not for repetition of color alone 
or location alone.  

 
To summarize, repetition of target color and 

position was strongly associated with the operation of 
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attentional networks (73-76), supporting claims that the 
priming pattern may operate as a memory system for the 
deployment of attention to recent behaviorally important 
items, but the findings from neglect reviewed in section 6 
indicate that this attentional involvement may not be the 
whole story and that activity in ventral regions may lead to 
color priming despite damaged attentional networks.  

 
It should be noted, in this context, that Corbetta 

and Shulman (75) have argued, largely from evidence from 
neuroimaging studies, for two processing streams for 
attention, one involved in bottom-up attentional selection, 
largely confined anatomically to the right hemisphere 
involving activity in the temporoparietal junction and 
lateral frontal areas, and the other, less lateralized, serving 
top-down selection reflecting activity in intraparietal areas 
and superior frontal cortex (see also 77, for some related 
evidence using the visual marking paradigm). The damage 
in neglect seems sometimes to involve the temporoparietal 
junction (78,79)2 and the involvement of these two types of 
attention, with regard to priming, might be interesting to 
explore in future research. 

 
8. THEORETICAL ACCOUNTS OF PRIMING 
 

Various theoretical accounts have been proposed 
to account for priming in visual search since the pioneering 
studies of Maljkovic and Nakayama (14) and Treisman 
(13). The largest difference between these accounts is the 
level of perceptual processing at which priming is assumed 
to occur. 

 
Maljkovic and Nakayama thought of the priming 

pattern as reflecting facilitation of relatively low-level 
memory traces. They said: “priming of pop-out increases 
the speed of attention deployments to subsequent targets 
having the same feature characteristic [and this] reflects a 
functionally beneficial memory system specialized for the 
rapid and automatic selection of items for focal attention 
and saccadic eye movements” (59, p. 571). 

 
The episodic retrieval account of Huang and 

colleagues (82) argues, on the other hand, that priming 
occurs at a late stage in the perceptual process, perhaps an 
object based stage, or even at the stage of response 
selection, and that the behavioral pattern following 
repetition reflects the priming of objects rather than 
features. Hillstrom (24) argued for a somewhat similar 
view. Noting that priming is modified by top-down factors 
Hillstrom proposed a short-term episodic memory account 
of priming. Such accounts assume that the priming has it’s 
critical effect at the level of response selection based on 
whole objects. As Huang et al. (82) put it: “…the priming 
pattern results from contact with an episodic memory 
representation of the previous trial” (p. 12). Treisman and 
colleagues (83) argued that repeated performance of the 
same task  results in improved performance which may 
depend on the accumulation of separate memory traces for 
each individual experience of a display. Treisman (13) then 
went one step further suggesting that the priming reflected 
the facilitation of object files (84). Treisman argued that the 
priming pattern she observed (in particular priming in 

conjunction search) arose because perceiving an object 
creates a temporary representation of it in an object file that 
then influences how we perceive the stimulus set on the 
next trial and that if the target object is the same as on the 
last trial perception of that object is facilitated since an 
object file has already been formed. 

 
There is, however, a lot of evidence, from 

psychophysics, from neuroimaging, and from 
neuropsychology, which suggests that priming occurs at an 
earlier stage of the perceptual process than simple response 
selection or an object-based stage of processing, evidence 
that is consistent with the proposal of feature specific 
facilitation originally proposed by Maljkovic and 
Nakayama (14). This evidence does not rule out object or 
response selection accounts, but strongly indicates that 
there is more to the story than such accounts imply. 

 
For example Sigurdardottir, Kristjánsson and 

Driver (85) have shown that priming results in genuine 
changes in sensitivity to repeated targets, rather than simple 
modulation of response characteristics (see also 31, 
experiment 6, and 88). Sigurdardottir et al. found, using 
brief masked displays with accuracy as the dependent 
variable, that sensitivity measured by signal detection 
methods increased independently of changes in response 
criteria, both for a conjunction search task and a feature 
search task, when target features were repeated. This is not 
consistent with pure response selection accounts of 
priming. It should be noted that this finding is in seeming 
contrast to the results of Huang and Pashler (86), who 
found only a small, non-significant effect of orientation 
repetition with feature search of brief displays (but note 
that there actually were hints of this non-significant effect 
across 4 experiments!). Their task was a coarse localization 
task, however, (deciding whether a target in a search array 
was on the left or right of the midline of the array), a task 
quite different from the acuity judgment task on the color 
singleton target as required in Sigurdardottir et al. 
(experiment 2), possibly explaining the difference in 
findings. 

 
Another finding that causes potential problems 

for pure feature based accounts, however, is that intertrial 
priming can be modified by top-down expectations (24, 
87). Muller et al. (87) found that when participants had to 
explicitly encode and retain the target defining dimension 
in memory, feature priming effects increased compared to 
when no such encoding was required, an undeniable effect 
of the goal in each case (in other words a “top-down” 
effect)3 Note that Maljkovic and Nakayama have 
conclusively shown that knowledge of what is coming up 
has little or no effect on the priming pattern – so the “top-
down effect” on priming can only be limited and may not 
apply to all situations (see 24, however, for some evidence 
of conditions where top-down effects can influence priming 
in a pop-out search task). 

 
Supporting feature based accounts of priming, 

Goolsby and Suzuki (88) found that priming did not occur 
on trials when a precue cued the location of an upcoming 
target so that observers did not have to search for the target. 
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Such cued trials nevertheless evoked priming on a 
subsequent trial. In this task the response requirements are 
the same, while the search has been eliminated because of 
the location cue. The priming pattern should be unaffected 
under response selection accounts, yet no priming was 
observed on such trials (see 70 for further discussion) 
which should have been the case if response repetition was 
essential for priming to be seen. Finally, Maljkovic and 
Nakayama (59) were able to clearly distinguish between 
priming in search and more “traditional” explicit memory. 
Using a post-cued recall procedure embedded in a series of 
trials where priming of search built up they found that 
explicit memory is not as selective nor as long lasting as 
the priming effects. 

 
I have previously mentioned the dimensional 

weighting account (39,41). Found and Muller (41) argued 
that dimensional weighting could, at least to a considerable 
extent, account for repetition priming patterns in visual 
search so that when the target remains the same within a set 
of trials, intertrial facilitation from repeated items from that 
dimension occurs. There seems to be no question that 
repetition of the target defining dimension accounts for 
considerable parts of the priming pattern. On the other 
hand, priming from irrelevant items as well as the 
piecemeal nature of priming in visual search, as evidenced 
for example in the aforementioned fMRI and 
neuropsychology studies, seems to argue against strong 
versions of this account. 

 
In the aforementioned neuroimaging study (18; 

see also 89) there was some evidence for object-based 
priming. Areas in the anterior part of the left fusiform gyrus 
showed repetition suppression only when both color and 
position were repeated, but the study addressed priming of 
feature and position, not the priming of two different 
features as in Huang et al. (82). Overall, however, the 
neuroimaging results suggest that priming can operate at 
various levels of perceptual processing, on single features 
as well as a later stage perhaps related to object processing.  

 
It seems that neither object/response-based nor 

feature based accounts of priming can, on their own, do 
complete justice to the wealth of data on priming in visual 
search tasks. In fact the evidence suggests that priming may 
occur at multiple levels of the perceptual hierarchy. This is, 
of course, precisely what the fMRI results (18) and the 
neuropsychological results reviewed in section 6 suggest. 
Proposals where priming is assumed to be possible at 
varied stages of a perceptual hierarchy seem the most 
plausible in the light of this. 

 
The ambiguity account of Meeter and Olivers 

(26,70) argues that intertrial priming occurs only under 
circumstances of ambiguity. Olivers and Meeter (26) say: 
“ambiguity refers to the presence of uncertainty, conflict, or 
competition at any level between stimulus and response” 
(my italics). As an example, they (70) found that intertrial 
priming decreased in a Maljkovic and Nakayama type 
search task when the number of distractors was increased, 
thus decreasing uncertainty about distractor identity, which 
might account for the absence of priming in some 

compound search tasks (27, discussed in section 3). Meeter 
and Olivers also found that priming increased when a 
singleton distractor was added to such a display thus 
increasing uncertainty about the target identity. 

 
The ambiguity account seems a satisfying 

descriptive account of the behavioral data available so far. 
While this concept of ambiguity doesn’t on it’s own 
explain the actual mechanisms of priming, it does provide a 
good framework for determining under what conditions 
priming does, and does not occur. But there is more to their 
proposal. Meeter and Olivers (70) suggest that intertrial 
priming can take place “at any processing step, from 
attentional selection to response execution.” This seems to 
fit well with the views presented in this review that priming 
is not a unitary process and can occur at various stages of 
the perceptual hierarchy. Thus according to their view 
priming can occur at various steps of processing of visual 
stimuli provided there is some ambiguity about the task. 

 
Kristjánsson and colleagues (5,11,12) argued that 

we possess a primitive memory system not under 
voluntary control which manifests itself in priming in 
vision and some other related learning effects. Nature 
has, according to this view, equipped us with a 
mechanism that allows us to reorient quickly and 
efficiently to behaviorally pertinent items in our visual 
environment. Prey tracking the movements of a predator 
will, as an example, benefit from being able to reorient 
quickly to features of predator such as it’s color, as will 
a parent keeping track of his child running around a 
playground benefit from being able to reorient quickly 
and efficiently to the particular color of the child’s coat. 
This conception receives support from the demonstrated 
tight link between covert and overt orienting in space 
(90-93, see e.g. 94, for review). 

 
Kristjánsson, Wang and Nakayama (22) argued 

that intertrial priming could account for the majority of 
effects usually attributed to top-down guidance. They found 
that there were practically no differences in performance 
when the target identity was always the same within a 
block of trials and when priming had built up for a few 
trials. fMRI studies showing how attention systems are 
influenced by priming (18,21,89) strongly support the 
claim that priming has an effect on top-down guidance, 
since top-down guidance is assumed to reflect our 
attentional set. Wolfe and colleagues (31) chose to term 
these priming effects implicit  top-down guidance – they 
think of priming as reflecting information accrual across 
a set of trials – and that this should be considered a form 
of knowledge since implicit information about the task 
accrues. According to Wolfe et al. (95) maximal top-
down effects occur when observers are shown an image 
of what to search before each trial and the item to search 
for remains constant since this activates explicit and 
implicit top-down guidance, a view clearly consistent 
with the dimension weighting account of visual search 
(39,41). Priming from irrelevant features (42) 
complicates this conception of priming somewhat, 
however, since it is hard to argue that the repetition of 
irrelevant feature increases knowledge about the task. 
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Finally I propose that priming reflects a memory 
trace of a previously viewed item left in some form of 
perceptual memory,  or something akin to a perceptual 
representation system as described by Tulving and 
Schacter, (4) and Magnussen and colleagues (96,97). They 
argued that some effects of implicit memory might be due 
to traces of neural activity that persist and influence what 
occurs consequently. Priming, as seen in visual search, may 
reflect such traces of neural activity as well as facilitated 
response selection of assembled objects, and this may vary 
as a function of the type of stimuli being used (see e.g. ref. 
99).  

 
9. CONCLUSIONS 
 
The most satisfying account of the data on priming in 
visual search that is reviewed above seems to be that 
priming reflects facilitation of perception, attending and 
responding. Given the variety of tasks used it is perhaps not 
surprising that this varied pattern is seen in the available 
evidence. In addition, there are, most likely, various 
functional benefits to priming (11,12). Priming may 
function as an adaptive mechanism that reorients our gaze 
or attention to items that have recently been important to 
us.  
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Footnotes: 1 It is, of course, debatable whether position 
should be considered a “dimension” – and perhaps not in 
terms of the dimension weighting account. 2 It should be 
noted that the debate on a critical locus for neglect to occur 
is far from settled (80,81). A critical locus may in fact not 
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even exist but that neglect may occur following damage to 
a few different areas, the critical point being that the 
operation of a network of activity is disrupted. 3 It seems 
that this could also be interpreted as an effect of enhanced 
feature processing, in other words that the increased 
requirements for the processing of a particular dimension 
causes stronger feature processing, and priming in 
consequence, than otherwise, but there was some indication 
that the priming was not wholly feature specific but also 
applied over feature dimensions in the study. 
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