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Abstract—The visual environment is extremely rich and comp
producing information overload for the visual system. But the €
ronment also embodies structure in the form of redundancies ang
ularities that may serve to reduce complexity. How do percei
internalize this complex informational structure? We present new,
dence of visual learning that illustrates how observers learn

objects and events covary in the visual world. This information se
to guide visual processes such as object recognition and search

first experiment demonstrates that search and object recognition &isual search array. Second, we generated a set of these display

facilitated by learned associations (covariation) between novel vi
shapes. Our second experiment shows that regularities in dyn
visual environments can also be learned to guide search behavi
both experiments, learning occurred incidentally and the memory
resentations were implicit. These experiments show how top-
visual knowledge, acquired through implicit learning, constrains w
to expect and guides where to attend and look.

Top-down perceptual knowledge helps prescribe what vis
objects to expect and which objects demand more attentioninap
ular behavioral context. For example, the visual context of a scene
kitchen) facilitates recognition of objects (such as toaster or refrig
tor) relevant to that context (Biederman, Mezzanotte, & Rabinow
1982; Palmer, 1975; but see Hollingworth & Henderson, 1998), w|
irrelevant features and objects tend to receive less processing prf
(Rensink, O’'Regan, & Clark, 1997). Imagine the outdoor scenery

encounter every day on your way to work. The spatial layout of lang|

marks in the environment tends to be stable over time and provideg
ful cues for navigation. As you drive, you may notice that even moy
objects (such as other cars) move around in somewhat predic
ways. If not for such predictability, how could one maintain sar
while switching lanes toward the off-ramp on a highway commute
These examples illustrate that the visual world is highly structu
such that objects and events tend to covary in predictable, invariant
(Biederman, 1972). Knowledge of this structure may serve to reduc
large amount of uncertainty and complexity that exists in the stim
input (Gibson, 1969, 1991) and can provide useful constraints on
al processes such as object recognition or search. Given the richn
visual structure in the environment (Garner, 1974), how do perce
utilize this information? It seems likely that environmental struct
must be represented within the brain in order to constrain perce
processing. Hence, it is important to consider how such visual stru
is learned by observers through interactions with the visual world.
We recently introduced a new paradigm to examine how useful
down knowledge is extracted from visual experience (Chun & Jia
1998). We showed that perceivers are sensitive to the context of v
targets, so that implicit learning and memory of novel visual con
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vessnted among rotated-L distractor objects. This is a serial search

eiformation can guide attentional deployment, facilitating visual
nbehaviors such as search. We described this processraextual
reging.Subjects were asked to locate and identify a rotated-T target|pre-
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etfiat requires attentional scrutiny of the display (Duncan & Humphr
had®89; Treisman & Gelade, 1980; Wolfe, Cave, & Franzel, 1989). A
rfes context influencing search was examined as follows. First, glc
. Comtext was defined as the spatial layout of the distractor objects i

sumhde them invariant by repeating them across blocks throughou
amiperimental session. We refer to theseldxontexts. Finally, targets
brappeared in consistent locations within their invariant contexts. He
reépe invariant configurations were predictive of the location of emb
da¥en targets. The question was whether subjects would be sensit
héhis contextual information. If so, over time, search would be facili
ed for targets appearing in old contexts, relative to targets appeari
new contexts, randomly generated in each block to serve as a co
In several experiments, search performance was faster for tg
Ué'ﬂ)pearing in old contexts than for targets appearing in new cor
AH€hun & Jiang, 1998). This benefit was termed contextual ¢
€Hdcause visual context information served to cue spatial attenti
Eirget locations. The context was encoded implicitly during vi
't_éearch; subjects were never instructed to encode the array, nor di
h'B?ne report ever having tried to. The resulting memory representa
Ofit guided attention were also implicit. An explicit recognition 1
Y®&vealed that subjects could not consciously discriminate betwee
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N@nd new contexts. Hence, memory and attention interact in impg
UR8ys, with perceptual processing being influenced by implicit me
INY traces of past perceptual interactions. In other words, visual Ig
tﬂﬁbj‘" allows for useful and specific top-down knowledge to be der|
Mnd applied to subsequent acts of perception.
The goal of the present study was to show that visual leatning
€8ecurs for a wide variety of qualitatively different types of visual in
V&Y&tion important for perception and behavior. Our previous sfudy
afﬁfhun & Jiang, 1998) focused on cuing of target location on the basis
J_'B? implicit learning of spatial layout. Spatial layout is an ecological
ISKriable because landmarks and global structures, as well as their con-
e~°®18Fations in the environment, tend to be stable over time. However,
V&/AiSual learning mechanisms must be able to encode other types of visu-
Urg) regularities and structure, too. Here, Experiment 1 tested whether
btyakociations between novel objects can be learned to facilitate percep-
P8I processing. Such object association learning would be funddmen-
tal for constructing perceptual schemas. Experiment 2 exanmined
[ORhether dynamic regularities are encoded. Sensitivity to such regulari-
"Nfles is important because observers interact with a dynamic visuallenvi-

iSksment in which objects move about and change in a regular manner.
ext

~

EXPERIMENT 1
logy.

an;’PerceptuaI schemas specify how objects covary. For example,
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ovens and refrigerators are typically found in kitchens, barnsland
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chickens on farms, desks and computers in offices. This informatipyét, 10 distractors) were randomly arrayed in an invisible 8 x 6|grid
acquired over a lifetime of visual experience, based on detectionttwdt subtended 40° x 30° of visual angle. The 10 distractors for
invariant covariation between related objects. Experiment 1 intaistractor set, which consisted of five different distractor types
duced a new paradigm to examine how covariation between Vis{sflapes); each type was randomly replicated zero to two times to pro-
objects may be learned and how these associations may supportdope a total of 10 distractors on each trial. The location of the target
down expectancies. and the configuration of distractor items were randomized for eyvery
We asked subjects to search for novel target objects presentetfiah in contrast to the fixed target locations and configurations used in
visual arrays of other novel distractors. We wished to examine whethmvious studies of contextual cuing (Chun & Jiang, 1998).
the shape of targets could be cued, or primed, by the set of distfactomhe task was to search the display and detect the single object that
shapes that covaried with the presentation of the target over the cowaesymmetric around the vertical axis. Subjects were asked to do this
of visual experience (the experimental session). The question was,amquickly as possible, pressing the space bar immediately upon detec-
observers learn the association between novel target shapes and tiomelOnce they pressed the space bar, the screen of novel objects was
distractor shapes? We also examined whether such learning can| ceased and replaced by an array of 11 letters (drawn from a rarjdom-

without explicit instruction or intention.

Method

A sample search array is shown in Figure 1. The target of eac
was defined as the single object whose shape was symmetric
the vertical axis. This criterion allowed us to define a target for|

ized set of 25 alphabet letters, excludipgeach occupying the loca-

tion in which an object had been presented in the previous frame.
Subjects were required to type in the identity of the letter that gccu-
pied the location that the target object had appeared in. This probg task
@iapured that subjects correctly localized the target before pressing the
rSinfge bar. Subjects were told that the probe response was not speeded.
tH@mediate error feedback was provided in the form of auditory tgnes.

search task without specifying the actual shape of the target. Each dig® 6 * 2 design was used. One factor was epoch. The experiment

tractor was symmetric around an axis that was oriented away fro
vertical axis.

Ninety-six different novel objects were generated. Sixteen of]
objects were symmetric around the vertical axis (0°) and were us
targets. The remaining 80 objects were used as distractors. Th
tractors formed five groups of 16 different objects each; these
groups were symmetric around the 30°, 60°, 90°, 120°, and 150°
of global orientation, respectively. The objects were colored white|
presented on a gray background. For each search trial, 11 items

Fig. 1. Schematic display of a search trial in Experiment 1. The tg
was the single object that was symmetric around the vertical
Immediately upon detection, subjects pressed a space bar, re
time was recorded, and the display was replaced with a probe ar
letters. Subjects entered the probe letter that appeared in the

ifduded six epochs of trials, and each epoch comprised four blpcks.
The epoch factor was crossed with two mapping conditions (consistent
t4e- variable}. In the consistent-mapping (i.e., old) condition, each of

edhgstargets was paired with a distractor set, and this pairing was pre-

each subject) to the consistent-mapping condition, and the ot
were assigned to the variable-mapping condition. In addition, ei
distractor sets were assigned to each mapping condition.

Seventeen Yale University subjects with normal or correcteq
normal visual acuity participated in a 1-hr session for pay or cg
credit. Subjects were simply instructed to perform the search task
there was no indication that they should try to encode or learn thg
plays in any manner.

2 dis-

Results and Discussion

One subject’s data were not included in the analysis because of low
accuracy (82%). For the other 16 subjects, reaction times (RTs) helow
200 ms and above 5,000 ms were removed from the data. Less than
1.3% of the data was omitted as a result of this procedure. Mean [accu-
racy averaged above 98% correct and did not differ between the con-
sistent- and variable-mapping conditions Fal< 1).

The mean RT data are shown in Figure 2. The main result wa
search performance was faster for the consistent-mapping con
than for the variable-mapping conditidf(l, 15) = 10.98p < .005.

5 that
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1 1. This manipulation corresponds to the well-established disting
‘between consistent and variable mapping, introduced by Schneider and S|
a(1977; Shiffrin & Schneider, 1977). One difference is that our varia
a-‘mapping condition did not involve a mapping reversal between target an
Stractor shapes. And although consistent mapping is proposed to fac
tiearning and performance, we do not claim that this will necessarily lea

location, providing an accuracy measure of correct target localiza
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Fig. 2. Mean correct response time for target detection in the variabl@syal perception. In the General Discussion, we elaborate on

mapping and consistent-mapping conditions in Experiment 1,
function of epoch. The error bars represent3E& (N = 16).

This result shows that subjects learned the associations betwee
tractor identities and target identities, so that sensitivity to the dis
tor context facilitated search performance. There was also a
effect of epochF(5, 75) = 14.79p < .001. Although the overall inter
action between mapping condition and epoch was not significan
interaction was significant when restricted to the first two epdgiis,
15) = 7.74p < .02. Thus, the difference between mapping conditi
reflects a learning effect that becomes significant after one epoch
repetitions of each pairing of a target and distractor set).

These results show that subjects encoded the context of targe
used this information to guide object recognition and search. Did
scious recognition of the distractor shapes and awareness of the
ciative target-distractor pairings drive this learning? To answer
question, we looked at the results of an explicit recognition test ad
istered at the end of the experiment. We informed the subjectg
some targets were paired with the same set of distractors throu
the experiment. When asked if they had noticed this, 4 of the 16
jects reported that they had. None of the subjects reported tryi
memorize the object identities or associative pairings, howeve
addition, we administered a forced-choice discrimination test.
test consisted of one block of trials that presented a randomly or

set of eight consistent-mapping displays and eight random-mappjiag to those used in tracking studies (He et al., 1996; Pylyshy

displays, one at a time. Instead of performing the search task, su
were asked to choose whether each display contained an “ol
“new” identity association. All subjects performed at chance in
task M = 48%), and hit ratesM = 17%) and false positive rated &
19%) did not differ | > .49). The 4 subjects who reported awaren
of the repeated pairings also performed at chaice 48%).

These findings demonstrate that observers implicitly learn co
ation between novel visual objects and are consistent with a pre
study that showed learning of co-occurrences between pairs of

sensitive to the context of target events, and learning of target-cd
associations occurred when the identities of distractors in the cq
covaried with the identity of the target. This learning facilitated se
performance, a process we call contextual cuing (Chun & Ji
1998). In contrast to our 1998 study, search facilitation in this ex
ment occurred for targets appearing in unpredictable locations,
gesting that context was cuing the identity of the tarjEbese results
point to a covariation learning mechanism that may be fundam
for constructing perceptual schemas that guide top-down expe
cies. A multitude of such memory traces may be established th
the course of visual experience, and we hypothesize that these n
ry traces are specific and instance-based (Logan, 1988), allowin
fine-tuned matching (Chun & Jiang, 1998). Top-down knowledg
based on such memory traces for the set of objects a target obje
ically covaries with.

It is worth noting that visual learning occurred implicitly. Hen
these results demonstrate a new form of implicit learning for enca
covariation between novel visual objects. Existing work has den
strated implicit covariation learning between visual attributes
other variables such as personality or target location (Lewicki, 19
1986b). Going beyond these interesting findings, our results
robust implicit learning of covariation between novel visual obje
Such covariation learning forms a useful top-down mechanisn

q

Afrlicit learning is useful and important.

n dis- EXPERIMENT 2

[rac-A wide variety of behavioral situations suggest that it is crucia
M&Nable to predict how objects in the environment move and ch
" over time. For instance, safe driving relies on everyone’s ability to
» Bfve and predict the movement of other cars. Also, consider wi
football quarterback views when trying to find a receiver wea
CBrough a violent sea of other moving players. Predictability of
(f84fects move about, and sensitivity to this predictability, is critica
these and a wide variety of additional contexts. Yet the ability to t
tsn%ﬂlﬂple moving objects is severely limited in capacity and requ
C@ftention (He, Cavanagh, & Intrilligator, 1996; Pylyshyn & Stor
35588, Yantis, 1992). Top-down knowledge of regularities in
tI?_J?namic environment may help overcome the taxing demand
MiAicking multiple objects.
thaExperiment 2 examined whether dynamic regularities can
OOMhed and how they may guide search behavior. We emp
Séﬁ?namic visual displays to mimic the dynamic visual world. Subj
1Qbé‘Pformed visual search for a rotated-T target among L-shapeq
I tﬂQctors. All of these search items moved independently aroun
r@éreen, under the constraint that they were not allowed to run into
Hesgtbr or disappear off the screen. The animation sequences wer

Di&Esm, 1988; Yantis, 1992).
d” or
this

e . N .
2. Note that perceptual schemas also specify the locations in which o

can typically appear relative to each other (Biederman et al., 1982). We ar
E.rently investigating whether observers can learn both identity and location
Vistraints. However, for present purposes, we focus on identity cuin
Wgeneralize contextual cuing beyond configurational cuing of target loca
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stimuli (Logan & Etherton, 1994). In our experiment, subjects
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€(Chun & Jiang, 1998).
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Method

Figure 3 shows a schematic tridEach trial consisted of an anj-
mation sequence of eight independently moving objects. One of th
items was designated as the target, a T shape pointing left or right,
the subjects were instructed to locate the target and press a buttqr
responding to whether it was pointing left or right. The orientation
the target remained constant as it moved. The rest of the items wg
shape distractors, each rotated randomly in one of four directio
target was present on every trial. The white search items (each
1.4° of visual angle in size) moved around a gray field that subte
approximately 40° x 30° of visual angle. The motion sequences
generated using apparent motion of 15 frames presented at a rate
frames per second. All of the items moved at a constant frame
frame velocity of about 14° of visual angle per second. The dire¢t
of each item’s movement from frame to frame was constrained
occur within £30° of the present trajectory. Trajectories were allo
to change more abruptly at the invisible boundaries of the windo
in collision paths with other items.

Each trial started with a small fixation dot appearing in the mi
of a computer screen. After a pause OT 500 ms, the array of st niyllglgl 3. Sample animation sequence used in Experiment 2. Each
appeared on the screen. The initial configuration of items was equi
for the two Condltlpns to prevent cuing t_)ase_d on this initial array. 4 IEWhich evolved into target and distractor items by Frame 4 (show
the targets and distractors were indistinguishable from each othe L - i

) . : “black) of the animation sequence. This allowed enough time fo
the first 360 ms of each trial to allow enough time for the mo
sequences to evolve in a uniqgue manner. Hence, every item in th
frame appeared as a cross, and over the course of four frames (tie
480 ms), each of the items slowly morphed into either a T target
L distractor. Subjects monitored each animation sequence for th
get and pressed one of two response keys corresponding to the |c
ty of the localized target. Error feedback was given in the form - :
auditory tones. The target identity (left-facing or right-facing) and :(Rgntheon.yale.edu/~y123/Dynam|cSearchDemo.html.
responding response were randomized for each trial so that they were
not correlated with any of the displays. The motion sequence stdppedWelve subjects participated. As before, subjects were si
after 2 s, and the final configuration of items remained on the sqrdgfructed to perform the search task as quickly and as accurat
until a response was made. The prolonged presence of the last|frAfgsible.
did not affect our results because motion contextual cuing was gstab-
lished for RTs under 2 s, while the items were still in motion.

As in Experiment 1, the two main variables were condition (gon-
sistent vs. variat_)le) and epoch (1__6)' E_ach epoch contained thre'73°‘ccuracy averaged above 95% correct and did not differ bety
blocks. The consistent set of stimuli consisted of randomly gene altﬁgl

. h d th h h -  consistent and variable conditions &l < 1). Mean search pe
motion sequences that were repeated throughout the entire expgfinance for targets was significantly faster in consistent disp

ment, once per block. Embedded target trajectories were fully COY®n in the variable conditiofi(1, 11) = 9.99p < .01. Figure 4 plots

lated within each of these invariant global contexts of distractgéarch RTs for targets in the two conditions as a function of ef
trajectories. The variable set of stimuli consisted of motion sequUENgRS, o nefit for consistent displays was significant after just three
that were newly genera_ted fqr each block and _hgnce were no_t FO8tftions (122-ms difference in Epochpx .05, one-tailedtest). Thus,
lated with the target trajectories. Because sensitivity to global '"Vaffe results indicate that subjects were sensitive to invariant regulg

ance would cue the target trajectory in the consistent condition, Wethe complex, dynamic displays, and that these invariants gy
predicted faster search performance in that condition than in the|c

| baseli diti bl giti h block ined Santion to embedded targets, facilitating search.
trol baseline condition (variable condition). Each block contained an r, 1 oyt the possibility that improved search performance

intermixed set of six different consistent-mapping trials and six d”fergésed on explicit recognition of the displays, we queried each su

ent_ varlable-mappmg trials. The target trajectories used in Sout the repetition manipulation and administered an explicit re
variable-mapping displays were repeated across blocks, contr ’"H?ﬁ’o

. . . yon test, as in Experiment 1. Only 1 of the 12 subjects reported n
for learning of target trajectory per se. Hence, the consistent and Vﬁﬁthe repetition manipulation, and no one reported trying to end
able conditions differed only by their distractor motion trajectorie

> the displays explicitly. Moreover, explicit recognition accuracy wa
chance levels (overall accuracy = 49%, hit rate = 31%, false alarm

c

D_=

DO

motion trajectories illustrated by the arrows. A dynamic demonstrg

Results

3. A dynamic version of a sample trial is available on the World Wide WeRcode the displays, and the resulting implicit representations of

trial

began with a fixed configuration of crosses (shown in light gray),

nin
the

motion sequences to emerge in a uniqgue manner from a fixed starting
configuration held constant across conditions. Subjects perfofmed
visual search for a rotated T among rotated Ls. All of the objects
moved independently around the screen following the schematic

tion

of a sample trial is available on the World Wide Web at http://
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rate

=33%). Hence, as in Experiment 1, learning occurred without intent to

con-

at http://pantheon.yale.edu/~yj23/DynamicSearchDemo.html. text facilitated search without supporting conscious recognition.
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extracted from the visual input. Specifically, observers are sensiti
2200 regularities and covariation that are invariant (repeated) over time
ceptual covariation learning is supported by implicit memory trace
—/\— Variable perceptual interactions that accumulate during the course of \
o . experience (Chun & Jiang, 1998; Logan, 1988).
Consistent The ability to pick up and encode regularities in the visual envir

ment is of great ecological significance. As Gibson (1969) has |
argued, this ability serves to reduce complexity and increase predic
ity. In Experiment 1, object recognition and search were facilitated
implicit learning of associations between novel distractor sets and 1}
target shapes, much as an oven may cue the presence of a toaster in
day life. In Experiment 2, regularities in dynamic environments also g
search, as a global field of moving basketball players constrains hg
move and where to pass the ball. In sum, useful top-down perce
knowledge is routinely derived from structured visual experience. M

2100+
2000+
1900+
1800+
1700-

Reaction Time

1600+ The implicit nature of learning and memory is highly useful for vis
| | | | | | al per_ception (Chun & Jiang_, 1998). Implicit operations are _dure
1 2 3 4 5 6 over time, are robust across interference, and perhaps most impg

exhibit high capacity (Reber, 1989; Seger, 1994), releasing limi
capacity cognitive processes so that cognitive resources become
EpOCh able for other processes that may require conscious mediation. In
sophisticated, unconscious mechanisms are proposed to have a
%Eg profound influence on perception and cognition (Berry & Dier

Fig. 4. Mean correct response time for target detection in the varja
and consistent conditions of Experiment 2, plotted as a functid nQ
epoch. The error bars represent #eM(N = 12).

3; Kihlstrom, 1987; Stadler & Frensch, 1998). For instance,
ki and his colleagues (Lewicki, 1986a, 1986b; Lewicki, Hill,
Czyzewska, 1992) have argued that complex covariant informatig
the environment is typically encoded in an implicit, unconscious
This is a remarkable, new form of implicit learning given that thear. Moreover, such implicit mechanisms are potentially available
dynamic contexts were defined by complex motion trajectories @y in life to guide perceptual development (Gibson, 1969).
multiple distractor events, and subjects were not informed of any|con-we propose that such implicit learning occurs whenever inva

tingencies between targets and distractors. Previous work on impligibrmation in the environment is predictive and informative for a beh

of this sophisticated learning appears to occur in an implicit manner.
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procedural learning demonstrated benefits for making motor Moygr| task or situation. In other words, reinforcement occurs only for task-

ments to single target events (lights) that appeared in a fixed sequ@gf&ant contextual cues that reduce uncertainty and facilitate beh
of different locations (Lewicki, Hill, & Bizot, 1988; Nissen & Bulle- (anissar et al., 1992; Gibson, 1969; Thorndike, 1911/1965). He
mer, 1987) or to single targets that moved around the screen (Fiitfe&rning was exhibited in our task because the visual contexts were
Lang, 1979). These tasks involved both perceptual and motor co ted with target shape or motion trajectory. An alternative hypoth
nents! In contrast, our task minimizes contributions of Motbiis that subjects were leaming to search through repeated displays
response learning, while illustrating a new form of perceptual learpiggickly because of low-level repetition priming (Bar & Biederma
that facilitates search performance on the basis of covariation betwggdig: Tulving & Schacter, 1990). This latter account predicts facilita
multiple perceptual motion trajectories, including those of distractpp repetition (which primes early perceptual mechanisms), inde
events. Put more simply, whereas the implicit-procedural-learniggnt of whether targets are correlated with invariant contexts. How
studies are relevant for understanding how people become proficigsik that target shapes and distractor sets were repeated the sam
at playing the piano or typing on a keyboard, our demonstration illygsy of times in the variable and consistent conditions in Experiment 1
trates how people use dynamic visual information to guide behaviggstextual cuing was obtained only when targets and contexts
such as driving or selecting targets (e.g., as in determining whergn@aningfully correlated. These results indicate a role for associ
pass the ball amidst a field of moving players in a team sport). | |earning rather than low-level perceptual priming in contextual cu
Although such a direct comparison is not available in Experimen
GENERAL DISCUSSION unqulished data from our Ia_b indicate that no contextual _cuing

obtained when target trajectories were decorrelated from their othe
Top-down knowledge places important constraints on visual pinvariant contexts. Thus, contextual cuing is not produced by repet

cessing. This study illustrates how useful top-down knowledge per se, but rather is driven by meaningful environmental covariation.

4. Implicit-learning studies have examined separable contributions offp 5. Low-level perceptual priming and procedural learning do contribut
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ceptual learning versus motor learning in serial RT tasks (Howard, Mutterthe overall level of performance, of course. This is indicated by the global

Howard, 1992; Mayr, 1996). However, these effects were still restricted improvement in the baseline variable-mapping condition and is dissog
learning of single-target sequences toward which a response was performdrom the covariation learning that produces contextual cuing (the addit]

iable
onal

explicit awareness was engaged. benefit for the consistent-mapping condition).
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In closing, the present results highlight the importance of implidipeward, J.H., Mutter, S.A., & Howard, D.V. (1992). Serial pattern learning by event obser-

learning and memory mechanisms in perception and cognition. Com- ‘{gtz'%'l'fggg”a' of Experimental Psychology: Learning, Memory, and Cognition, 18,

plex covariation in the environment can be learned to guide behpwimlstrom, J.F. (1987). The cognitive unconscioBsience, 2371445—1452.

because the informational structure in the environment helps r dkﬁy@cl;i, P. (1986a)Nonconscious social information processiigw York: Academic

. . . . ress.
uncertainty. L_eam'ng me_Chamsms _br'ng SuCh useful tQp-dOWﬂ k OW;Wicki, P. (1986b). Processing information about covariations that cannot be articylated.
edge of the visual world into the mind, allowing perceivers to benefit Journal of Experimental Psychology: Learning, Memory, and Cognition, |12,
. . 135-146.
from visual experience. Lewicki, P., Hill, T., & Bizot, E. (1988). Acquisition of procedural knowledge about a pat-
tern of stimuli that cannot be articulatéZbgnitive Psychology, 2@4-37.
Lewicki, P., Hill, T., & Czyzewska, M. (1992). Nonconscious acquisition of informatipn.
American Psychologist, 4796—801.
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