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This research demonstrates a process of nonconscious acquisition of informa-
tion about a pattern of stimuli and the facilitating influence of this knowledge on
subjects’ subsequent performance. Subjects were exposed to a sequence of
frames containing a target, and their task was to search for the target in each
frame. The sequence of target locations followed a complex pattera. The specific
sample of subjects was selected to ensure that they would be sufficiently moti-
vated and that they would have appropriate analytical and verbal skills to report
whatever they experienced while participating in the task: All subjects were fac-
ulty members of a psychology department. Extensive Uoﬁmxcmaan:ﬁm_ inter-
views with subjects indicated that none of them noticed anything even remotely
similar to the actual nature of the manipulation (i.e.. the pattern). However, the
accuracy and latency of their responses indicated that, in fact, they had acquired
a specific working knowledge about the pattern. and that this knowledge facili-
tated their performance. The results demonstrate that ‘nonconsciously acquired
knowledge can automatically be utilized to facilitate performance, without re-
quiring conscious awareness or control over this knowledge. This phenomenon is

discussed as a ubiquitous process involved in the development of both elementary

and high-level cognitive skills. © 1988 Academic Press. Inc.

It has recently been argued that learning various kinds of basic cogni-
tive and procedural knowledge involves acquisition of complex pro-
cessing algorithms of which the subject is not aware (Lewicki, 1985,
1986a, 1986b; Lewicki, Czyzewska, & Hoffman, 1987). In other words,
the subject acquires some form of *‘working knowledge'™ about patterns
of stimuli and how to process them. although the subject is unable to
articulate these processing algorithms. For example. most people are un-
able to articulate semantic and syntactic rules of the language they use,
although at the same time, there is no doubt that they have a working
knowledge of those rules (e.g., when asked by a foreigner, native English

speakers can usually say which one of two phrases or sentences is cor-
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of psychology.
METHOD

Overview

Subjects were exposed to a long sequence of frames presented on Em noBv:.:wﬁ mnqomﬂ.
Each frame consisted of a target character exposed in one of four possible ﬂoow:o:w%.: ﬁo
screen. The subject’s task was to locate the target and then press a button corresponding to

its location. The entire sequence of locations of the target mo__oiwa one oo:m_mﬁmsm. w_ﬂu
complex and nonsalient, pattern, and subjects were expected to acquire :o:oo:mn_o:w.< e
working knowledge about this pattern. In other words. the gradual increase of subjects A
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performance (decrease of response latency) over the entire sequence of trials was expected
to be due not only to the effect of unspecific trainin

g. but also to the acquired processing
algorithm for **

predicting’’ subsequent locations of the target (according to the pattern) and
the priming of appropriate responses. To test this expectation, the specific pattern of the
stimulus material was designed so that some of the trials of the sequence could be predicted
based on the pattern while others could not. It was expected that if subjects acquired the
working knowledge about the pattern, their performance on the predictable trials would be
better than on the unpredictable ones. In addition. the pattern was changed near the end of
the sequence of trials. Subjects’ performance was expected to deteriorate after the change
because their working knowledge about the pattern was of no further utility. This decrease.

however, was expected to pertain exclusively to those trials that used to be predictable from
the pattern.

Subjects

Subjects were 9 faculty members from the department of psychology at The University of
Tulsa, aged 29-52. It was intended to test all 12 members of the faculty: however. 3 of them
were not available when the experiment was conducted (they were on leave. out of town.
etc.). All 9 subjects hold a Ph.D. degree in psychology, and all of them are at least some-
what familiar with cognitive psychology. At the point of participating in the experiment.

subjects knew that the authors of this study investigate nonconscious processing of infor-
mation.

Procedure

Subjects were tested in a familiar environment: Six persons were tested in their own
offices using the computers they usvally use, and three others were tested in their col-
leagues’ offices. The computers were all IBM-PC's with Amdek 310A monitors. All in-
structions were displayed on the screen. Subjects were asked to react to the appearance of
the target (letter X) by pressing one of four keys corresponding to the locations of the target.
The screen was divided by one vertical and one horizontal solid line into four quadrants of
equal size (see Fig. 1).

The target could appear in any of the quadrants. but there was only one possible location
of the target in each quadrant (5 cm distant from the crossing of the lines dividing the
screen). The keys used to respond to the target were 4, 5. 1. and 2 on the numeric keypad.
which form a 2 x 2 square corresponding to the four quadrants of the frame. Subjects were
asked to fix their sight on the intersection of the lines. This allowed them to see the target
without moving their eyes. Both speed and accuracy were stressed in the instructions. and
subjects were informed that both would be recorded by the computer.

Subjects were told that the experimental session would be long (about 45 min) and that
the task would be boring. They were also told that the experimenters did not want to mis-

lead them and that, therefore, the specific purpose of the experiment would not be disclosed
untit the postexperimental debriefing.

|
|

FI1G. 1. One of four frames exposed to the subjects.
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After the session, subjects were extensively interviewed about their subjective experi-
ences (while performing the task) and any observations about the task. They were asked
specifically about any patterns of the stimulus material they had noticed and about any
changes in their performance that they subjectively experienced over the segments. The
interview required between 25 and 40 min and was informal, except for the crucial questions
which were worded in the same way in each interview (the questions are quoted in the

Results section).
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Stimulus Material

Manipulated pattern. There was a total of 4080 exposures. The sequence of target loca-
tions consisted of logical blocks of 5 exposures each. Twelve different blocks were designed
and up to the point when the pattern was changed, the sequence of exposures consisted
exclusively of those 12 blocks presented in random order. The crucial change of the stim-
ulus pattern was introduced in the last one-ninth of the entire sequence of trials. It involved
a switch to a second, different set of 12 blocks. There were two orders of presentation of the
stimulus material (beginning with the first or beginning with the second set). Four subjects
were exposed to the stimulus material arranged in the first order, five subjects were exposed
to the stimulus material arranged in the second order. (The order of presentation did not
affect any of the dependent measures.)

The following rules applied to both sets of blocks. Three out of the 12 blocks of exposures
started in each of four quadrants (there were three blocks that began with the target dis-
played in the upper left quadrant, three in upper right, etc.). The second exposure of each |
block was never in the same quadrant as the first one, that is. the target was located in one
of the three remaining locations. Thus, the target could “move’ (relative to the first trial of
the block) horizontally Gi.e., feft or right). vertically (i.e., up or down), or diagonally. The -
third location was determined based on whether the movement of the target from the first to

the second trial was horizontal, vertical, or diagonal. For example, if it was horizontal, then
the next was vertical, if it was vertical. then the next was a diagonal, and if it was a diagonal,
then the next was horizontal. The following target locations (i.e.. those in the fourth and the
fifth trial) were designed according to analogous rules. that is they depended on the pre-.
ceding two locations of the target. The target was never displayed in the same location twice
in a row and it “‘returned’’ to the same location only after being displayed in at least two
other locations (i.e., it never “‘moved”’ back and forth between two quadrants).

The sequence of blocks was random. with the limitation (necessary to follow the rule) that

the target was never displayed twice in a row in the same location. ,

The crucial change in the pattern (in the last one-ninth of the sequence) did not affect the:
general rules according to which the blocks were designed (the target was never displayed
twice in the same location, it never ‘‘returned’’ to the same location after being displayed it
less than two other locations, etc.). Also, the first two locations of each of 12 blocks weré
the same in both sets of blocks. However, the rules relating the location of the target in the
third, fourth, and fifth exposure to the preceding two locations were “reordered.”” Namely,
the specific rule that was used in the first set of 12 blocks to determine the third location of

the target (based on the first and second one), was used in the second set of 12 blocks {0

determine the fifth location (based on the third and fourth one); the rule which determined

the fourth location in the first set, was used in the second set to determine the third location;
and the rule used to determine the fifth location was used to determine the fourth one.

This way of designing the stimulus material ensured not only an overall high degree of]
similarity between the two sets of blocks, but also, that both of them would involve the
same number of locations in each quadrant and the same rules relating a location of a targel]
and two preceding locations. The only difference between the two sets pertained to the|
order in which the rules were applied. Therefore, it can be assumed that these two sets of
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and anxious to learn about the exact nature of the experiment. It was the
interviewer’s impression that subjects attempted to detect a manipulation
;, and its meaning, although only two subjects admitted that they tried to
TRIALS 3, 4, AND 5 W

TRIALS 1 AND 2

do it.

The first question of the interview pertained to whether the subjects
noticed ‘‘anything special about the stimulus material.”” All 9 subjects
reported that the task was very demanding and that they felt tired. They
also offered various comments and associations unrelated to the manipu-
lated pattern. Four subjects said they suspected that they were exposed
to subliminal stimuli, but they could not describe them. (This suspicion
was probably due to the fact that subjects knew that the experimenters
investigate nonconscious processing). Because none of the subjects men-
tioned anything that even came close to the crucial sequence of trials,
they were additionally encouraged to say whatever “‘suspicions’’ they
might have about the stimulus material. Finally, they were asked directly
whether they ‘“‘noticed anything about the sequence of locations of the
target.”” In response, subjects thought about the question for a while
trying to recall the sequence; three subjects recalled that the target had
never appeared twice in a row in the same quadrant, and one subject
noticed that the target never moved clockwise four times or four times
counterclockwise (which was true). Again, none of the subjects men-
tioned anything even close to the manipulated pattern of exposures.

The second topic of the interview referred to the self-perceived

changes in subjects’ performance. Subjects were asked whether they
“perceived the level of [their] performance as stable or whether it
changed over time.”* All 9 subjects reported that they felt that they made
progress and that after some time the task became “‘easier.”” Four sub-
. jects said that at some point “‘their fingers were doing the job by them-
- selves,”” relatively independent of the level of subjects’ concentration on
the task. However, all subjects except one reported that they also experi-
_enced some decrease in performance in one of the last segments. Three
subjects used the expression that they ‘‘suddenly lost the rhythm.”” Two
of the subjects who suspected subliminal exposures said they had a suspi-
“cion that the decrease in their performance was due to some interfering
effects of messages to which they were subliminally exposed.
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DISCUSSION

The results demonstrate the process of acquisition of procedural
-knowledge about a pattern of stimuli. The process was nonconscious in
the sense that subjects were neither aware that they were learning any-
thing nor were they aware of how the acquired knowledge facilitated their
performance. The analysis of the number of fast and accurate responses
‘suggests that the influence of the knowledge about the pattern on sub-
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jects’ performance was mediated through a process of priming of re- ACQUISITION OF p
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before (e.g.. Shiffrin & Schneider. 1977). which involved utilization of § and take advantage of much nwmw:?w system allows a person to acquire
. . e in i
(relatively limited) consciously son ormation than can be handled by the

one time consciously controlled and only later,
gradually became automatic. The knowledge
s found to influence specifically subjects’

performance without ever being consciously articulated. recognized, or
controlled. This was clearly evident in the results of the postexperimental -
interviews with these highly competent subjects.

Although the results demonstrate the process of acquisition of knowl- -
edge. they do not allow one to say precisely what kind of knowledge was
acquired. At least two possibilities can be considered here. Subjects
could have either learned the specific set of rules used to generate the
f target locations, or they could have learned the set of 12°
sequences) used in the learning phase of the mate-
bilities involve different cognitive processes (e.g.,
process of generalization), however, in func-;
ntially lead to very similar outcomes. There is-
ory representations of concrete instances:
ding of stimuli that are not identical but.
instances (Gordon & Holyoak, 1983;

trolled .n:m::o_m. It also releases the
Bmo:m:_mim from the numerous sup-
ﬁ.owe consciously controlled nom:_.mo:
m.:o:m of objects in Swmm'amiw:mmo:mm
tion m:.a speech production (Lewicki
mpressions of social stimuli (Nisbett %m

knowledge that was at
due to extensive training,
observed in this experiment wa

oozm.omo:m:\ controlled processing
monEm tasks required for every ac
like recognition of shapes and loc
space (Hochberg. 1978), verbaliza

1986a), or the ;
! ’ generat ;
Wilson, 1977). ton of first i

It seems that various a
oS rio spects of human knowle i
o :N:MMMMMmMMM,M:M_Eq .8 those observed in the EMWM:WMM mmoqmc:on_
ceiously oo kno Qo ge is not only independent from nmqoom%mqmm_dm:r
oot paolled ¢ man—m_ozm but the perceivers even lack the m@.:oo:-
oncomesine know edge they use (Lewicki, 1985, 1986a _cwocw T H.o
capability of the MHMMNOMOO», ._M.:oi_oamm e . s
that it also involves the ammﬂ:_ m<o mv\.mﬁ.oB. i
edge that is inconsistent S:% oncion o
preferences. Some common oﬂm%m%ﬁ? e
tions
Mmgo_m: moEm.ow, those inaccessible Eowmm
: ously accessible knowledge. For exampl
8:.5:85 categorized as ‘“‘moving,” ndd
- be inconsistent with what th “

sequences O
concrete blocks (i.e.,
rial. These two possi
the former assumes some
tional terms they may pote
evidence indicating that mem
may influence subsequent enco
only “‘similar’’ to these concrete

Lewicki, 1985).
For this reason, an empirical discrimination between these two inter

pretations appears difficult. For example. subjects in the current experi
ment might, in fact, have learned only concrete instances. but this knowl-§ level, the processing algorithm .
edge may still generalize to a new, similar instance if one is encountered§ - Zations may automatically tri . Emno:m&_.@ for generating those categori-
(Gordon & Holyoak, 1983: Lewicki. 1985: see also Smith & Medin, 1981, F * tears). People usually 839%2 reipective behavioral reactions (e.g
for a discussion of this issue in the context of models of semanticl ‘W_..B\ are even surprised and EMMMMMOA_;\WEM:EEW of reaction. moBm::.gm.m.
memory). : ecause : . y they have re :
mcg.wwﬁm in this experime V; Bm_o&mmwwmvm oMNwo_o:mE classify the situation as ::Mwﬁ_ﬁmma M_Em way.
-  thor or not ¢ Lassie Coms” example, when watching movies lik e, or
in :w:oam over em mé_ow M@ %rﬁrm designed ﬂiﬂwmeim people often recognize the E._.B.H.o Love Story or
acquired some kno , , 0 affect viewers’ feelings, but they still fee itive manipulation
) I touched.

seems to be an important feature of th This independence of acquisition of v
ion) algorithms from consciousl some processin

m_.Ea for the development of al

ses E.o overall processing
ever, it may be speculated
eveloping working knowl-
trolled feelings, values, or
m.@ﬁ a clear inconsistency
sing algorithms and con-
some social stimulj are au-
o %:a. despite the fact that this may

on thinks on the consciously oo::o:mm

nt were found to have very little choice o
hey learned the pattern and, after the
¢ or not to use this knowledge. This

e observed phenomenon. It appear
g (e.g., categoriza-

y mo::o:oa knowledge may be respon-
gorithms that are disfunctional and may
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cause psychological disorders. It has been recently suggested that due to
this independence from conscious control, some processing algorithms
may produce encoding biases that may result in idiosyncratic interpreta-
tions of stimuli as supportive of preexisting cognitive biases, although no
objective evidence is present (Lewicki, 1986a: Lewicki & Hill, in press).
Thus, such processing algorithms would be self-perpetuating.

In summary, the results of the present experiment demonstrate a non-
conscious process of acquisition of information and its specific facili-
ﬁwmsmwzm:o:omAS,mcvmoncmsﬁnmld:dmso@ This phenomenon implies
that nonconsciously acquired knowledge is automatically put to work,
m:aﬁrmﬁﬁro:azNw:o=OmomZm:~:;d:dm:o:H5m<dow:ambo:amsﬁ0moo=-
scious control over or awareness of this information. These conclusions
are at odds with most common views of human information processing;
however, the analysis of various aspects of human cognitive development
(Hochberg, 1978; Kihlstrom, 1984; Lewicki, 1986a; Lewicki & Hill, in
press) seems to imply that there is no other way to explain the acquisition
of both elementary and high-level cognitive skills. :

Reber, A. S. (1976). Implici i
, AL S. . Implicit learning of synthetic lan
| S guages: Th i i
Woc%@ﬁ:am\ QWMMﬂmZSmEE Psychology: Human hmawzmm% and M\NMWMNMM _WmMW_Qo_M:w_ o
_m,mq:.m: - N m? R. A._o.\mv. Analogy and abstraction strategies in W :m: ~.| :
Reb mw >==:n:o:m_ interpretation. Cognition, 6, 189-221 ymihele grammar
| mn,mo:.m w._,a mﬁmzm_f.mmw,:% Wmmm? S. (1985). Syntactic learning and judgments: Still un
Shifto s Ao s mo::mwao .\@:di of Experimental Psychology: General :A 17 NMO:.
»R-M., ider, W. (1977). Controlled and a ic in ation p
: . : automatic h i
.Wmm_zm. .:. Perceptual learning, automatic attending, and a ol o, poon pro-
m ool Reviers, 84 1t s general theory. Psvcholog-
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