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Contextual cueing is a visual search phenomenon in which memory of global visual
context guides spatial attention towards task-relevant portions of the search
display. Recent work has shown that the learning processes underlying contextual
cueing exhibit primacy effects; they are more sensitive to early experience than to
later experience. These results appear to pose difficulties for associative accounts
which typically predict recency effects; behaviour being most strongly influenced by
recent experience. The current study utilizes trial sequences that consist of two
contradictory sets of regularities. In contrast to previous results, robust recency
effects were observed. In a second study it is demonstrated that this recency effect
can be minimized, but not reversed by systematically manipulating task-irrelevant
features of the search display. These results provide additional support for an
associative account of contextual cueing and suggest that contextual cueing may,
under some circumstances, be more sensitive to recent experience.
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Adaptive behaviour requires organisms to learn from past experience. It is

thus unsurprising that processes dedicated to the detection of regularities are

found across a variety of sensory modalities. The visual system, in particular,

appears to extract a variety of spatial and temporal regularities from streams

of input (Chun & Turk-Browne, 2008; Turk-Browne, Isola, Scholl, & Treat,

2008). Much of this processing occurs outside of our awareness, but must

nonetheless be flexible enough to deal with a constantly changing environ-

ment. Recent work (Brockmole & Henderson, 2006; Jungé, Scholl, & Chun,

2007; Makovski & Jiang, 2010; Manginelli & Pollmann, 2009) has begun to
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investigate how these learning processes operate over changing patterns of

experience. In the current study, this line of investigation is extended and

qualified.

ORDER EFFECTS IN CONTEXTUAL CUEING

Contextual cueing (Chun, 2000; Chun & Jiang, 1998) refers to a visual search

phenomenon in which memory of visual context can guide spatial attention

towards task-relevant portions of the search display. Cueing is measured by

repeating search displays over the course of the experiment and comparing

response times to these repeated displays with response times to novel,

unfamiliar search displays. Faster responses to the repeated displays are

taken as evidence that participants have retained and utilized information

about the global visual context. This phenomenon has been linked to the

broader literature on visual statistical learning (Fiser & Aslin, 2002).

Recently, several studies (Jungé et al., 2007; Manginelli & Pollmann, 2009)

have investigated whether contextual cueing is sensitive to the presentation

order of statistical regularities. To answer this question, these studies presented

participants with trial sequences that consisted of two different sets of

statistical regularities, one set presented early in the sequence and the other

presented late in the sequence. By manipulating the presentation order, but

equating the statistical properties of the input, these researchers have been able

to isolate the influence of presentation order per se.

The first of these studies, reported by Jungé et al. (2007), presented a

contextual cueing paradigm in which the learning sequence consisted of

blocks of ‘‘signal’’ and ‘‘noise’’. Signal trials were trials on which the global

context was predictive of the target location (as in a typical contextual cueing

experiment, e.g., Chun & Jiang, 1998), whereas noise trials were trials on

which the global context had no systematic relationship with the target

location. Participants were presented with either a set of signal trials

followed by a set of noise trials (the signal-first condition), or a set of noise

trials followed by a set of signal trials (the noise-first condition).

The results reported by Jungé et al. (2007) demonstrated that the signal-

first condition led to normal contextual cueing effect, whereas the noise-first

condition produced no evidence of learning. This pattern represents a

primacy effect; learning was more heavily influenced by early experience

than by later experience. These results were taken as evidence that, ‘‘implicit

contextual learning may have an intrinsic endpoint*resulting in a type of

functional hypothesis about regularities in displays . . . that then becomes

resistant to further updating’’ (p. 9). That learning processes ‘‘turn off’’ after

initial experience may indicate an efficiency designed to free learning-related

resources.
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Manginelli and Pollmann (2009) report a similar manipulation. In their

study, participants completed a visual search task in which regularities were

present throughout the experiment. However, for the first two-thirds of the

sequence each context was associated with one target location. At that point

in the trial sequence, each target was moved to a new, static location for the
remaining third of the sequence. Over the course of the first two-thirds of the

experiment, the repeated contexts came to elicit significantly faster responses

than novel contexts. When the target was moved, this facilitation was

eliminated. In the remaining third of the trial sequence (10 blocks), the new

target location was static and thus predictable. However, despite the presence

of regularities in the last third of the sequence, no cueing advantage was ever

observed for the new target locations. Like the Jungé et al. (2007) study, these

results are consistent with the idea that learning processes had ‘‘shut off’’
before encountering the second set of contradictory regularities.

These reports of primacy during contextual cueing represent an interest-

ing divergence from traditional associative learning theory. For example, the

classic Rescorla-Wanger model of conditioning (Rescorla & Wagner, 1972)

suggests that associations are updated after every trial, resulting in robust

recency effects (i.e., learning more heavily influenced by recent experience).

This prediction is supported by a variety of work on both humans (LaBar,

Gatenby, Gore, LeDoux, & Phelps, 1998) and nonhuman animals (Wagner,
1961). In contrast, there have been primacy effects observed in more

deliberative learning tasks such as impression formation (Asch, 1946;

Hendrick & Costantini, 1970), categorization (Duffy & Crawford, 2008),

and contingency learning (Dennis & Ahn, 2001; Yates & Curley, 1986). The

primacy effects in these more explicit tasks have typically been taken as

evidence for a hypothesis-formation process that uses initial experience to

generate beliefs which then dominate subsequently encountered information

(e.g., Hogarth & Einhorn, 1992). Thus, the primacy effects observed in
contextual cueing may actually pose a challenge for associative accounts of

contextual cueing (e.g., Brady & Chun, 2007; Makovski & Jiang, 2010).

However, the generality of these primacy effects is tempered by the

methods used. For example, Jungé et al. (2007) utilized sequences in which

the training phase consisted of a combination of signal and noise trials.

During the noise portions of the task, there was nothing to be learned. In

contrast, previous investigations of order effects have utilized only signal

trials and have instead manipulated the signal over the course of the
sequence. For example, in a study by Labar et al. (1998), the learning

sequence consisted of blocks in which a coloured shape systematically

predicted the presence of an electric shock and blocks in which the same

shape systematically predicted the absence of an electric shock. There was

always a predictive signal to be learned, this signal simply changed over the

course of the experiment. Manginelli and Pollmann (2009) did utilize such

848 LUHMANN

D
ow

nl
oa

de
d 

by
 [

St
on

y 
B

ro
ok

 U
ni

ve
rs

ity
] 

at
 1

5:
27

 2
6 

A
ug

us
t 2

01
1 



sequences; search targets were presented in predictable locations and

subsequently moved to new, predictable locations. However, because this

study was not designed to investigate order effects per se, the two sets of

regularities were not presented equally often. Instead, the regularities

presented early in the sequence were presented on twice as many trials as
the regularities presented later in the sequence.

The current study seeks to examine whether primacy is a general feature

of contextual cueing and what factors may promote either recency or

primacy effects. This is accomplished by utilizing a two-block sequence of

trials like that used by Manginelli and Pollmann (2009). In the first half of

the sequence, each global visual context reliably predicts the target location

as in a traditional contextual cueing paradigm. In the second half of the

sequence, each global visual context is identical to those used in the first half,
but now reliably predicts a new, contradictory target locations. Participants

then complete a transfer phase in which they are presented with displays with

their targets located in the initial position (from the first half of the sequence)

or final position (from the second half of the sequence). If participants are

able to more quickly locate the target in its initial location than they are to

locate the target in its final location, this pattern of results would be

indicative of a primacy effect. This transfer phase also included new, novel

contexts in order to provide further assessment of learning.

EXPERIMENT 1

Method

Participants. Fourteen Stony Brook University undergraduates partici-

pated for partial course credit.

Stimuli and task. Participants completed a standard visual search task in

which they located and responded to a ‘‘T’’-shaped target embedded

amongst a field of ‘‘L’’-shaped distractors. Shapes subtended approximately

2.58 of visual angle. The ‘‘T’’-shaped targets were each rotated 908 or 2708
such that the longer line segment of the ‘‘T’’ pointed either left or right. The

‘‘L’’-shaped distractors were each rotated 08, 908, 1808, or 2708. In addition,

the intersection of the two line segments was offset by approximately 0.158 to

increase the difficulty of the search task. All shapes were black and were
presented on a neutral grey background. Search arrays were constructed by

placing 11 distractors and one target onto a 6�8 grid (the grid was not

visible to participants). The placement of the 12 shapes was constrained such

that three of the 12 shapes were presented in each of the four quadrants. The

target was additionally restricted from appearing in the extreme corners of

the display or in central locations leaving 28 possible target locations. Last,
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search arrays always had an empty slot directly opposite the target location

at an equivalent eccentricity (see Figure 1).

On each trial, a search array was displayed and participants were required

to indicate which direction the target shape was pointing. Responses were

made using the left and right arrow keys on the keyboard. After a correct

response, the search array was removed from the screen and the next trial

began 500 ms later. If an incorrect response was made or if no response was

received within 7 s of stimulus onset, the search array was removed from the

screen and the word ‘‘Incorrect’’ was displayed for 1000 ms. The screen was

then cleared and the next trial began 500 ms later. Participants were offered a

break after every 16 trials.

Design and procedure. At the beginning of the experiment, 16 new search

arrays were constructed according to the constraints outlined above. During

the construction of the array, each of the distractors was randomly mirrored

(.5 probability of being mirrored) and rotated to a randomly selected

orientation (08, 908, 1808, or 2708). The mirroring and orientation of a given

distractor in a given search array did not change during the experiment. In

contrast, the direction of the target (pointing left or pointing right) was

randomly determined on each trial (50% left, 50% right).
The experiment consisted of a training phase and a transfer phase. The

training phase consisted of 10 blocks of trials where a block consisted of a

single presentation of each of the 16 search arrays (i.e., 160 trials in total).

For the first half of training (the first five blocks), the arrays were presented

Figure 1. A sample search array utilized in the current study. The array on the left represents the

initial array, shown throughout the first half of the training phase. The array on the right represents the

change in target location made halfway through training and the resulting array that was presented

throughout the second half of the training phase. The grid is shown for illustrative purposes only and

was never shown to participants. In the actual experiment, the shapes were presented on a neutral grey

background.
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as initially constructed. For the second half of training (the final five blocks),

the target shape was relocated to the slot directly opposite in the search array

(i.e., its location was ‘‘mirrored’’ about the origin; see Figure 1). The two

halves of the training sequence were contiguous and thus participants were

given no indication that anything had changed. It should be noted that our
sequence was perfectly symmetric with each set of regularities constituting

exactly half of the training sequence (cf. Manginelli & Pollmann, 2009). Also

note that all contexts presented during the training phase were predictive.

Thus, the time course of learning during the training sequence itself cannot

be assessed.

At the beginning of the transfer phase, eight of the 16 search arrays were

randomly selected to have their target placed in the initial target location.

The remaining eight search arrays had their targets placed in the final target
location. A given search array was only tested in one of the two target

locations during transfer. In addition, eight brand new search arrays were

constructed under the same constraints used to construct the original arrays.

Each of the 24 search arrays (eight initial target locations, eight final target

locations, eight novel arrays) was presented five times (for a total of

24�5 �120 trials).

After completing informed consent and receiving brief instructions and

brief practice with the task (20 trials using search arrays not used in the
actual experiment), participants completed the main search task. Each

participant completed the training phase and the associated transfer phase.

So as to maximize statistical power, participants then took a short break and

then completed the entire experiment a second time (utilizing entirely new

stimuli). The entire procedure took approximately 30 minutes.

Results

Response times for incorrect responses were excluded as were any response

times more than three standard deviations above the participant’s average.

Response times from the transfer phase were averaged separately for each

repetition of the task and separately for the three conditions: Initial target

location, final target location, and novel array. The pattern of response times

did not vary across repetitions of the task, so each participant’s data was

collapsed across the repetitions. Average transfer response times are

presented in Figure 2A. Evaluating the critical target location manipulation,
participants were significantly faster to respond when the target was located

in its final location (M�1749 ms, SD�307.8) than when the target was

located in its initial location (M�1860 ms, SD�336.6), t(13) �2.27,

p B.05. The trained arrays were next compared with the novel transfer

arrays. Participants were significantly slower to respond to the novel transfer

arrays (M�1910 ms, SD�274.7) than when the target was located in its
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Figure 2. (A) Raw reaction times for the three conditions presented in the transfer phase of

Experiment 1. (B) Contextual cueing computed as the transfer response time normalized by average

response time during training.
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final location, t(13) �3.45, p B.005. In contrast, reaction times to targets

located in their initial location did not differ from reactions times to the

novel arrays, t(13) �1.20, p�.25.

Reaction times during the transfer phase were next compared to reaction

times during the training phase. This was done by computing the average
reaction time for each search array across the entire training phase. Transfer

reaction times were then subtracted from training reaction times for that

search array during training. As can be seen in Figure 2B, placing the target

in its final location resulted in a significant contextual cueing effect of 187

ms, t(13) �4.13, p B.005. No such effect was shown when placing the target

in its initial location (�3 ms, t B1), indicating that transfer reaction times

were no faster than training reaction times for these search arrays.

Furthermore, the cueing advantage for targets in their final locations was
significantly greater, t(13) �3.30, p B.01, than for targets in their initial

locations.

Summary and discussion

The current experiment presented repeated global visual contexts and

paired them with two, conflicting target locations an equal number of

times. When tested at each of the trained target locations, participants
exhibited greater contextual cueing to the most recently observed target

positions (a recency effect). These results demonstrate that the visual

statistical learning processes that underlie contextual cueing do not always

produce the primacy effects reported recently (Jungé et al., 2007;

Manginelli & Pollmann, 2009). Instead, our results suggest that these

processes may instead track recently encountered regularities, at least

under certain circumstances.

Curiously, Experiment 1 provides no actual evidence that any learning
took place during the initial portions of the training sequence. Given that

previous manipulations of order effects have found evidence for strong

initial learning effects, it seems unlikely that the current results reflect a

complete absence of early learning. Instead, it seems more likely that early

learning was simply not expressed during the transfer phase. I consider

three related factors that may help to explain why such expression would

be impaired. First, the representations of early regularities may be

‘‘overwritten’’ once new, incompatible regularities are encountered (so-
called catastrophic interference). Second, because they are simply older,

memory for older regularities may have decayed by the time participants

reached transfer. Third, the representations of early regularities may be

perfectly intact; however, the newer, more recent regularities may produce

interference during transfer, making the retrieval of the older experience

more difficult.
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Experiment 2 is designed to begin distinguishing between these

mechanisms. This is accomplished by providing greater differentiation

between the two, incompatible sets of regularities. Specifically, target and

distractor shapes are one colour during the first half of the task and a

second colour during the second half. The strategy of manipulating task-
irrelevant stimulus features during learning has been utilized in studies of

both language learning (Gebhart, Aslin, & Newport, 2009; Weiss, Gerfen,

& Mitchel, 2009) and perceptual learning in speech processing (Eisner &

McQueen, 2005; Kraljic & Samuel, 2007). Changing incidental features of

the input may allow learning processes to more easily distinguish between

the two, incompatible sets of regularities. The colour change may also act

as an occasion setter (Holland, 1992), a concept that has long been

discussed in the associative learning literature. Occasion setters are not,
themselves, predictive of anything (e.g., target location) but instead specify

which cues the learner should use to guide behaviour. Thus, if colour acts

as an occasion setter in the current experiment, participants could learn

that a given context in one colour should be associated with one target

location but that that same context in a different colour should

be associated with a different target location. At transfer, the occasion

setter would also help to facilitate retrieval of the older regularities in the

face of interference from the newer, contradictory regularities. Given the
substantial evidence of occasion setting in other associative learning tasks,

this pattern would also provide further support for an associative account

of contextual cueing.

EXPERIMENT 2

Method

Participants. Thirty-five Stony Brook University undergraduates parti-

cipated for partial course credit.

Design. The task and stimuli were nearly identical to those used in

Experiment 1 with the following differences. The training phase consisted of

10 blocks, each of which included a single presentation of the 16 search

arrays. The entire sequence was again divided into two halves, each of which

consisted of five blocks of trials. During the first half of training, when the
target was in its initial location, all of the shapes in all the arrays were either

black or white (counterbalanced across participants) on a neutral grey

background. Halfway through the experiment, when the target was relocated

across the search array (just as in Experiment 1), the colour of all the shapes

in all the arrays was switched. That is, participants presented with black

shapes during the first half of training saw white shapes during the second
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Figure 3. Results in Experiment 2 exhibited a significant interaction between target location and

colour. (A) Raw transfer reaction times for the four conditions in Experiment 2. (B) Contextual cueing

computed as the transfer response time normalized by average response time during training.
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half of training, whereas those presented with black shapes during the first

half of training saw white shapes during the second half of training.

During the transfer phase, the 16 search arrays were randomly divided

into four sets of four arrays. Each set of four arrays was assigned to a specific

combination of target location (initial/final) and array colour (initial/final).

Thus, a given search array was only tested in one of the four combinations

during transfer. The transfer phase consisted of eight blocks, each of which

included a single presentation of each search array for a total of 128 trials.

RESULTS

Response times for incorrect responses were excluded as were any response

times more than three standard deviations above the participant’s average.

To evaluate learning, participants’ response times were submitted to a 2

(target location: Initial vs. final)�2 (array colour: Initial vs. final) repeated

measures ANOVA. A marginal main effect of target location was observed,

F(1, 30) �4.15, p�.0504, with targets in their final locations eliciting

significantly faster reaction times (M�1537 ms, SD�276.5) than targets in

their initial locations (M�1611 ms, SD�298.0). A marginal interaction

between factors was also observed, F(1, 30) �4.10, p�.052. Post hoc tests

revealed that when the array was presented in its final colour, reaction times

were significantly faster, t(34) �2.34, p B.05, when the target was presented

in its final location (M�1534 ms, SD�321.3) than when the target was

presented in its initial location (M�1673 ms, SD�382.5). In contrast, when

the array was presented in its initial colour, reaction times did not differ by

target location (t B1).

As in Experiment 1, reactions times during the transfer phase were also

compared to reaction times during the training phase by computing the

cueing advantage measure described previously. These results can be seen in

Figure 3. These results were again submitted to a 2 (target location: Initial vs.

final)�2 (array colour: Initial vs. final) repeated measures ANOVA. A

significant main effect of target location was observed, F(1, 30) �6.16,

p B.05, with targets in their final locations eliciting a significantly greater

cueing effect (M�264 ms, SD�183.1) than targets in their initial locations

(M�165 ms, SD�234.9). A significant interaction between factors was also

observed, F(1, 30) �6.45, p B.05. Post hoc tests revealed that when the

array was presented in its final colour, the cueing effect was significantly

greater, t(34) �3.02, p B.005, when the target was presented in its final

location (M�291 ms, SD�251.1) than when the target was presented in its

initial location (M�104 ms, SD�351.3). In contrast, when the array was

presented in its initial colour, the cueing effect did not differ by target

location (t B1).
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SUMMARY

The results from Experiment 2 suggest that learning was operating

continuously over the course of the sequence and that the learning produced

during the early portions of experience is not necessarily discarded once new,

contradictory regularities are encountered. Responses to more recent visual

contexts were generally faster than responses to older contexts; however,

manipulation of the task-irrelevant display colour was able to completely

eliminate this effect. Clearly, if participants were not learning during the
early portions of the task or if the output of that early learning were

discarded, the colour of the array could not have had any effect. That being

said, the colour manipulation was not able to elicit a primacy effect; under

no conditions did our participants exhibit greater contextual cueing to the

initial target locations than to the final target locations. This complete lack

of primacy suggests that older representations were, in general, at an overall

disadvantage. The colour of the array could only act to minimize this

disadvantage. Furthermore, the results are broadly consistent with the idea
that colour was acting as an occasion setter, allowing behavioural flexibility

in the face of contradictory experience and generally suggesting that

contextual cueing results from associative learning processes.

Our use of colour to modulate contextual cueing is similar to a recent

study by Geyer, Shi, and Müller (2010). In their study, individual search

arrays consisted of two subsets of items defined by colour. Each colour

subset could be independently predictive or nonpredictive of the target

location. Their results demonstrated facilitation by predictive distractors
that matched the target colour and also by predictive distractors that

conflicted with the target colour, though facilitation was weaker in the latter

case. Their study was somewhat different from the current one in that the

different colours used by Geyer et al. were simultaneously present on each

trial. In addition, their study utilized a conjunction search in which the

target was jointly defined by colour and orientation. Nonetheless, the colour

manipulations in each study were conceptually similar, allowing the

contribution of two different sets of regularities to be evaluated indepen-
dently.

GENERAL DISCUSSION

The results of two experiments demonstrate, in contrast to recent reports

(Jungé et al., 2007; Manginelli & Pollmann, 2009), that the visual statistical

learning processes that underlie contextual cueing can operate continuously

over the course of experience even when this experience is not homogenous.

Furthermore, when in continuous operation, these learning processes do not

simply aggregate over the cumulative experience. Instead, significantly
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greater emphasis is placed on more recent experience. The observed recency

effects appear to be driven by a combination of factors. First, recency

appears to be driven, in part, by retrieval interference, in which later

experience tends to inhibit the retrieval of older experience. Second, there

appears to be a pure recency effect in which older experience is simply less
accessible than more recent experience, perhaps partially due to the decay of

the relevant memories.

A critical difference between the current study and those reporting

primacy may lie in the way that regularities were manipulated. For example,

Jungé et al. (2007) utilized a sequence consisting of blocks in which

regularities were present and blocks in which regularities were absent. Given

the current results, it may well be the case that the presence of changing

regularities and the absence of regularities may exert differing influences on
statistical learning processes. When regularities are absent from experience,

learning processes may indeed terminate. The current results suggest that,

when regularities are continuously present in the input, even when those

regularities change in unpredictable ways, learning processes may attempt to

adapt to the changing environment. The sequences utilized by Manginelli

and Pollmann (2009), consisted of a continuous, but changing signal just as

in the current study. However, Manginelli and Pollmann changed the target

location two-thirds of the way through the trial sequence. This meant that
the processes underlying cueing had twice as many trials to learn the initial

target locations at they did to learn the new target locations. Thus, the

sequences were not ideal to find strong evidence of relearning. However,

their results do suggest that there was likely a gradual transition as

participants were confronted and dealt with the new, contradictory

regularities present in the latter portions of the current experiments.

Despite the ability to operate over disparate input, the learning processes

that underlie contextual cueing appear to be subject to known constraints of
memory. Given two sets of incongruent input, the visual statistical learning

processes do not produce an ‘‘average’’ representation reflecting the

aggregate experience. Instead, older experience appears to decay over time,

reducing its ability to guide behaviour. In addition, newer contradictory

experience appears to interfere with older experience hindering its influence

even further. Note that the presence of these memory effects need not be

interpreted as flaws. As has been noted (Jungé et al., 2007), if one’s

environment is stable, then it may be cognitively efficient to build
‘‘hypotheses’’ based on initial experience and then terminate subsequent

learning. However, in a changing environment, these initial experiences can

quickly become outdated and lead to problematic behaviour. In dynamic

environments, using one’s most recent experience as a basis for future

behaviour seems like a more adaptive strategy. Thus, the memory constraints

imposed on learning may actually be functional.
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It is important to recognize that the current results provide evidence

about how the learning that produces contextual cueing operates. They do

not, however, provide good evidence for what is learned. This is in contrast

to much of the previous work on contextual cueing which has focused on

what features of the visual array are utilized to facilitate search. For example,
there have been investigations into whether contextual cueing relies on

associations between target locations and the holistic, global context, or

individual distractor locations and identities (Brady & Chun, 2007;

Brockmole, Castelhano, & Henderson, 2006; Jiang & Wagner, 2004). Other

work has explored whether contextual cueing relies on memory for specific

visual features such as shape, size, colour, and conjunctions thereof (e.g.,

Ehinger & Brockmole, 2008; Geyer et al., 2010; Jiang & Wagner, 2004;

Kunar, Flusberg, & Wolfe, 2006). The current results, in contrast, appear to
place no strong constraints on which aspects of the visual context

participants learned to guide their visual search. Instead, the current results

speak directly to the learning process itself. Recency effects are inconsistent

with learning accounts that posit the formation of perceptual hypotheses

because these sorts of accounts predict primacy effects (e.g., Dennis & Ahn,

2001; Jungé et al., 2007; Luhmann & Ahn, in press). Instead, recency effects

suggest that representations are continuously updated as experience is

accumulated and that older, conflicting experience exerts a diminished
influence on behaviour. Importantly, formal descriptions of the learning

processes that predict recency are agnostic about what features are predictive

and what features are predicted. For example, Brady and Chun (2007) have

put forth a formal account of contextual cueing that likely produces recency

effects. However, this prediction is not a consequence of learning the local

context (the main thesis of that study), but of the nature of the updating

procedure their model uses (i.e., the delta rule; Williams, 1992).

Similarly, the current results cannot directly speak to the recent
controversy (Smyth & Shanks, 2008) pertaining to whether contextual

cueing is truly an implicit phenomenon. Though the current studies did not

employ an explicit memory test, traditionally, explicit learning processes

have been strongly associated with primacy (e.g., Hogarth & Einhorn, 1992;

Yates & Curley, 1986). Thus, the strong recency effects found here are at least

consistent with the traditional idea that contextual cueing is governed by

implicit processes. However, it should be noted that the current results do

stand in contrast to several reports of primacy effects found utilizing implicit
learning paradigms and nonvisual modalities. For example, Gebhart, Aslin,

and Newport (2009) report an auditory statistical learning study in which the

sequences consisted of nonsense words generated by one grammar followed

by nonsense words generated by a second grammar. Participants in these

studies consistently exhibited primacy, showing little or no learning of the

second grammar. In one particularly powerful experiment, participants
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received 5 minutes of exposure to the first grammar followed by 15 minutes

of exposure to the second grammar. Despite the highly biased sequence,

participants were still significantly better at recognizing items from the initial

grammar. Similar primacy effects have been reported in other auditory

experiments (e.g., Eisner & McQueen, 2005; Kraljic & Samuel, 2007). Thus,

further work will be required to determine whether these reflect modality

differences or more structural facets of the different tasks.

Nonetheless, for those concerned with the theoretical underpinnings of

contextual cueing, the current results, particularly the apparent similarities

between contextual cueing and traditional theories of learning, should give

some comfort. Various theories of learning (e.g., Rescorla & Wagner, 1972),

including those used to account for aspects of contextual cueing (Brady &

Chun, 2007; Chun & Turk-Browne, 2008), have assumed that learned

representations are more influenced by recent experience. This allows these

theories to avoid some of the thornier issues associated with explaining

primacy effects (Luhmann & Ahn, in press). These issues include specifying

the conditions under which learning starts and stops, whether and how

learning can be reinitiated, and the fate of any input encountered while

learning is ‘‘turned off’’.

That being said, the fact that contextual cueing can, under different

circumstances, exhibit both recency and primacy suggests that additional

work is necessary. In particular, these findings must be integrated both

empirically and theoretically in order to paint a more coherent picture of the

learning mechanisms that give rise to contextual cueing. The current results

suggest that one fruitful future direction may be to investigate when and why

learning processes treat the presence and absence of regularities differently.
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