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Abstract
The results of four experiments provide evidencectmtrolled processing in the absence of
awareness. Participants identified the colour wéatral distracter word. Each of four words
(e.g., MOVE) was presented in one of four colow%of the time (Experiments 1 and 4) or
50% of the time (Experiment 2 and 3). Colour idigcdtion was faster when the words appeared
in the colour they were most often presented iatined to when they appeared in another colour,
even for participants who were subjectively unawsdrany contingencies between the words
and colours. An analysis of sequence effects shdkgdarticipants who were unaware of the
relation between distracter words and colours riwless controlled the impact of the word on
performance depending on the nature of the prewimalsA block analysis of contingency-
unaware participants revealed that contingencies learned rapidly in the first block of trials.
Experiment 3 showed that the contingency effecsdwe depend on level of awareness, thus
ruling out explicit strategy accounts. Finally, EEximent 4 showed that the contingency effect
results from behavioural control and not from seticaassociation or stimulus familiarity. These

results thus provide evidence for implicit control.



Implicit Control 3

Contingency Learning without Awareness: Evidenadruplicit Control

Cognitive processes that are controlled are caivaadly assumed to operate in a slow,
effortful, and voluntary manner (Posner & CoherB4;9Posner & Snyder, 1975; Shiffrin &
Schnieder, 1977). Thus, when researchers discasafthence of “controlled” processes, it is
typically assumed that such processes are exfil&it conscious; cf., Besner & Stolz, 1999). As
such, the term “implicit control” would seem to bensensical, because “implicit” (i.e.,
unconscious) seems to preclude the possibilityotrol. However, etymologically speaking this
is not a necessary conclusion. The Oxford Engligtid@nary (2001) defines control as “the
power to influence people’s behaviour or the cowfsevents.” Similarly, Merriam-Webster
(2005) defines control as the “power or authoritygtide or manage.” Nothing in these
definitions necessitates conscious intent. Whathplicitly controlled processes are actually
observable is an empirical question. As the expamisireported here demonstrate, control can
be dissociated from consciousness.

Evidence for cognitive control, which is assumede explicit and strategic in nature,
has been drawn from the Stroop literature (Strd8@5). In the Stroop task, identification of the
print colour of colour words is slower when the @and ink colour are incongruent (e.g., the
word GREEN in orange; GREEN.g9 than when they are congruent (e.g., ORANGEs see
MacLeod, 1991, for a review). Probably the mostanignt demonstration of putatively
controlled processes in the Stroop literature ésgioportion congruent effect. The proportion
congruent effect refers to the finding that theesf the Stroop effect is influenced by the
proportion of congruent items in a block of tridllsndsay & Jacoby, 1994; Logan & Zbrodoff,
1979). Specifically, the Stroop effect is much &rign a high proportion congruent block of

trials than in a low proportion congruent blockmdls. This effect is commonly attributed to
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participants explicitly learning to predict the cot from the word. Specifically, because the
word usually matches the colour in a high proportongruent block of trials, participants can
capitalize on this relationship and predict theooolbased on the word (e.g., if the word is
BLUE, then the colour is probably blue), thus Ieadio a larger Stroop effect because responses
would be especially fast on the expected congrtret and especially slow for the infrequent
incongruent trials. In contrast, the Stroop effegeduced in a low proportion congruent block
of trials, because participants can learn thatbel rarely predicts the correct response and
therefore there is no payoff that leads to fagt@ases on congruent trials and large costs on
incongruent trials. This has often been explaimegims of a deliberate, task-wide strategy.
The idea that cognitive control over the amoun®wbop interference requires a task-
wide strategy has recently been challenged. Intéime-specific proportion congruent (ISPC)
manipulation participants are presented with higth law proportion congruent stimuli within
the same block. This is accomplished by presersiimge words (e.g., BLUE and GREEN)
mostly with their congruent colour (e.g., BLUE iepented 75% of the time in blue and 25% of
the time in green) and other words (e.g., YELLOW @RANGE) mostly with incongruent
colours (e.g., YELLOW is presented 25% of the timgellow and 75% of the time in orange).
The Stroop effect is still larger for high proporticongruent words relative to low proportion
congruent words (Jacoby, Lindsay, & Hessels, 20@@nham, Lindsay, & Jacoby, 1997). This
ISPC effect indicates that the “strategy” partioifzause is not (at least always) task-wide (i.e.,
participants cannot simply predict that the wordématch the colours, because this only
applies to the high proportion congruent words}thRg participants may generate a contingency
estimate associated with each word (e.g., BLUBika&licates the colour blue, whereas

YELLOW likely indicates orange).
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Although it is possible that participants coulddvedictingcongruencywith the word
(e.g., BLUE likely indicates a matching colour, wées YELLOW likely indicates a
mismatching colour), it is probably more likely thparticipants use the word to predict a
specific colour response. Thus, for instance, ifJELis presented most often in blue, then BLUE
will indicate a blue verbal or key press respoi@milarly, if ORANGE is presented most often
in yellow, then ORANGE will indicate a yellow verbar key press response. Thus, participants
may be using theontingencie®etween words and colours to predisip&cific responseather
than congruency in general. In support of this entibn, Musen and Squire (1993)
demonstrated contingency learning independentyptangruency relations between the words
and colours. In their Experiment 2 they paired ezfcdeven arbitrary words (e.g., SOCKS) with
a colour. Words were always presented in theigagsi colours, but participants were instructed
to ignore the word and respond to the colour. Hayfthrough the experiment the words were
re-paired with new colours without notice. This tecan increase in response latencies. Thus,
participants learned tr@ntingenciegi.e., not congruency) between the arbitrary wandd the
colours and used these to facilitate responding.

One methodological concern with Musen and Squ{E393) design is that the words are
perfectly correlated with the responses. Thus, difficult rule out the possibility that some or
all of the participants were making responses bwtiflying the word rather than the colour, thus
leading to significant impairment in responding wiiee words were re-paired with new
colours. In order to overcome this shortcoming,fthilewing two experiments present
participants with four arbitrary words that aregaeted in all four ink colours, but each word is
presented most often (75% in Experiment 1; 50%xpeEment 2) in one colour (e.g., MOST is

presented 75% of the time in blue and 25% equdiénan the remaining colours).
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Interestingly, Musen and Squire (1993) also refi@t contingency learning appears to
be implicit, which runs counter to the assumptiagt ttontingency learning effects (e.g., the
proportion congruent effect) result from expliditategy use. Experiment 1 in their paper was
similar to their Experiment 2, except that insteédrbitrary words, incongruent colour words
were paired with colours and then re-paired partthagugh (e.g., BLUE was presented in green
for half the experiment, then orange for the reStthe end of Experiment 1 (they do not report
a similar analysis for Experiment 2), participawere asked to guess which colour each word
was presented in for both halves of the experirt@nder unimportant). Thus, participants made
a seven-alternative forced choice (first guess walitseven colours) followed by a six-alternative
forced choice (second guess with the remainingaliaurs). Importantly, Musen and Squire
claim that participants did not guess contingenatesrate higher than expected by chance.
Unfortunately, they miscalculated chance to be @3wthen chance was actually 28.6%rom
their graph, normal participants appeared to red@dor above 35%. Reference to the same
graph clearly indicates that the 28.6% chance lesvebt captured by the error bars. Thus,
Musen and Squire’s data indicate that participartsguessing contingencies at a rate better than
chance when chance is calculated correctly. As,suodmains to be determined whether
participants can learn contingencies implicitly.

Because Musen and Squire’s (1993) reanalysedseasdicate that participants guessed
the contingencies at a rate greater than chaneg)itbe the case that all contingency learning in
their experiments was explicit (i.e., conscious).t®e other hand, this is not necessarily the
case. First, the observation of some explicit c@ncy learning does not mean that implicit
contingency learning never occurred. Second, ppatits in Musen and Squire’s study may not

have been aware of the contingencies, because stioas processes can alter a person’s
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behaviour without them knowing it. Thus, while paigants may havguesseaontingencies at
a rate higher than chance, it does not necessallibyv that these participants weagvareof the
contingencies (and, indeed, aware that they weesgjng at a rate higher than chance).

One of the goals of the present experiments detoonstrate that participants can detect
and use contingencies even when theysalgectively unawaref (i.e., unable to report
noticing) the contingencies between the arbitrasyraicter words and colours. To this end,
participants were told nothing about the word-coloantingencies until after the completion of
the experiment, at which time participants weresdskhether they noticed any contingencies. If
a contingency effect is observed for those pawitip who were not subjectively aware of such
contingencies, then this would constitute stronigewe that contingency learning can be
implicit.
Summary

There are two primary goals of the current rededfuost, if participants use contingency
information associated with distracter words todprespecific responses rather than congruency
in general, then the distracter words need noblb@uc words. Any words that are correlated
with specific colours (e.g., MOST presented mogtrofn blue) should be able to elicit a
contingency effect. Specifically, participants sliotespond faster on high contingency trials
(e.g., MOST,e) than on low contingency trials (e.g., MOsalggd. On the other hand, if
distracter words are used to prediochgruencythen arbitrary words cannot be used (i.e.,
because an arbitrary word like MOST is neither e¢oagt nor incongruent with a colour). Thus,
no difference between high and low contingencysiimexpected.

Second, the current research expands on thehdeadntrolled processes need not be

explicit. To foreshadow our results, we reprodwee tlassical patterns of data that are taken as



Implicit Control 8

evidence for cognitive control. Critically, we denstrate these patterns of data with participants
who are subjectively unaware of the contingencresrdy these effects, suggesting that
controlled processing can be dynamic and impliaityer than always being slow, effortful, and
explicit. In Experiments 1 and 2 we demonstratggprtion congruent-like contingency learning
for arbitrary words (i.e., faster responding faghhicontingency trials relative to low contingency
trials). These experiments demonstrate the hallpattern of controlled processing that is
observed in the proportion congruent design. Tbigingency learning was observed even when
participants were subjectively unaware of the wootbur contingencies. That is, a contingency
effect was found even for participants who reportechwareness of the fact that some words
were presented more often in one colour than irther colours. We then demonstrate that
another commonly used example of cognitive consedjuential control of contingency effects,
is also seen when participants are unaware ofdhengencies present. Finally, we report a
block analysis that indicates that contingencyrewsy occurs rapidly in the first block of trials
and is maintained throughout the experiment, rutingan explicit strategy interpretation.
Experiments 3 and 4 extend these findings by shpwespectively, that level of awareness is
unrelated to the size or presence of the contingeffect and that contingency learning results
from behavioural control oveespondingand not simple semantic associations between word-
colour pairs or stimulus familiarity.
Experiments 1 and 2

If the ISPC effect is due solely to contingendesveen the distracter words and correct
responses, then it should be the case that contireggecan be learned for any set of words. In
that vein, Experiment 1 uses a key press Strodpinashich neutral distracter words predict the

correct colour response on 75% of the trials (¢hg word MOVE presented in blue 75% of the
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time and the remaining 25% of the time in the othege display colours). In Experiment 2, the
contingencies are lowered to 50%. If participamésable to pick up on these contingencies, then
high contingency trials (e.g., MOk, where MOVE is presented with blue 50% of the Jime
should be responded to faster than low contingémelg (e.9., MOVEeen.

Method

Participants.Experiments 1 and 2 had 56 and 16 participantpecdvely. Fifteen
participants in Experiment 1 and all the particiigan Experiment 2 were undergraduate
students at the University of Saskatchewan andcgzated in exchange for entry into a draw for
$40 or for course credit. None of the participgrggticipated in both studies. The remaining 41
participants in Experiment 1 were undergraduatdesits at the University of Waterloo and
participated in exchange for $4 or participatioadit.

ApparatusAll stimuli were presented on a standard computenitor and responses
were made on a QWERTY keyboard. Stimulus presemaind response timing were controlled
by E-Prime (Psychology Software Tools, 2002).

Materials and Designlhere were four distracter words in each experinerperiment
1: MOVE, FALL, GRIP, SENT; Experiment 2: CAST, SLIPIND, REEL). Each word was
presented in each of four colours (blue, greeroyelorange) for a total of 16 unique stimuli. In
each block of 48 stimuli, each word was presentezhe colour nine times and in the remaining
three colours once to achieve a 75% contingencpéEment 1) or in one colour six times and
in the remaining three colours twice to achiev®%®ontingency (Experiment 2). In each
experiment, the four distracter words were assidogde four colours randomly for each
participant. The distracter words were matchedvord length and had no repeated letters in any

of the four letter positions. The words were préseéin bold 18 pt. Courier New font and
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subtended 1.3° vertically and 4.6° horizontallyeTkd/green/blue (RGB) values for the
stimulus colours were 0,0,255 (blue); 0,255,0 (gye255,255,0 (yellow); and 255,125,0
(orange).

In summary, omigh contingency trials the word appeared in the inkwothat it was
most often paired with (.75 or .50). @w contingency trials the word was presented in dne o
the remaining three colours.

Procedure Participants sat approximately 60 cm from the stréd participants pressed
the “a” key for blue, the “z” key for green, the *key for yellow, and the “k” key for orange
(all keys were labelled with a corresponding colpatch). Stimuli were presented in the center
of a black screen. At the beginning of each trialhgte (255,255,255) fixation cross (“+”) was
presented. After the fixation cross appeared, @pénts initiated a trial by pressing the spacebar
with their thumb. Following a 500 ms delay, themtius was presented for 2000 ms or until a
response was made. Correct responses were folloywadlack screen for 300 ms before the
next fixation cross appeared. Incorrect and ngibomses were followed by the messages
“Incorrect” and “No response,” respectively, in 1&%5,0,0) for 1000 ms before the next
fixation cross appeared. There were a total oft@8#s, consisting of 8 blocks of the 48 stimuli.
Trials were pseudo-randomly ordered such that tauc@ppeared twice in succession.

Results

The dependent measures for both experiments wea@ ©orrect response latencies and
percentage error. All responses shorter than 2560rrnmger than 2000 ms were considered
spoiled trials and excluded from analysis (2% efdlata in Experiment 1 and less than 1% of the
data in Experiment 2). The first two blocks werelaged as practice.

Experiment 1Experiment 1 yielded faster response latenciesgto tontingency trials
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(669 ms) than low contingency trials (729 ms). Toétisms effect was significart{s5) = 9.203,

p < .001,SE;x = 7. After completing the task, participants weskeal the question: “While you
were doing the task, did you notice that certaindsavere printed in one colour more often than
in the other colours?The majority of participants were oblivious to agntingencies between
the words and responses. Twenty-two participa@isned to have noticed. When probed to
report the associations they noticed, a few pauitis claimed to have used the words
strategically. However, the vast majority of cogency-aware participants were only vaguely
aware of contingencies (e.g., a typical response“Whink | saw MOST in yellow a lot”). Thus,
at least some of the participants were subjectigelgire of the 75% contingencies. However,
removing these participants from the analysis smgslter the findings; high contingency trials
(679 ms) were still faster than low contingencglgi(734 ms). This 55 ms effect was significant,
t(33) = 6.054p < .001,SE;i = 9.

There were very few errors in Experiment 1. Theeee fewer errors on high
contingency trials (2.5%) than on low contingencgl$ (4.6%)t(55) = 4.063p < .001,SEyix =
.005, consistent with the response latencies. Agamoving contingency-aware participants did
not alter the findings; high contingency trials/@) generated fewer errors than low
contingency trials (4.1%j(33) = 2.120p = .042,SE;x = .006.

Experiment 2Experiment 2 also yielded faster response latencibggh contingency
trials (698 ms) than low contingency trials (725 ni$is 27 ms effect was significantl5) =
3.780,p = .002,SEyi = 7. After completing the task, participants weskead whether they
noticed contingencies, as in Experiment 1. Norghefparticipants claimed to have noticed.
Thus, a 50% contingency level seems to prevenestibg detectability, at least for this sample.

There were very few errors in Experiment 2. Theeee fewer errors on high
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contingency trials (1.3%) than low contingencylfig.5%),t(15) = 2.179p = .046,SEys =
.006, consistent with the response latencies.
Discussion

The results of these two experiments demonstnateparticipants are able to detect and
use contingencies between colour-unrelated distraards and colours. Responses were faster
and errors were more infrequent when a word waseptted in its high contingency colour than
when the word was presented in any of the remaithiree colours with both the 75%
(Experiment 1) and 50% (Experiment 2) contingencies

Interestingly, the majority of participants in Eetpnent 1 andll participants in
Experiment 2 were subjectively unaware of the waotbur contingencies. Nevertheless,
contingency-unaware participants still showed &iogency effect. Thus, the results of these
experiments clearly indicate that contingency legyan be implicit. These results corroborate
Musen and Squire’s (1993) results demonstratindiampearning of word-colour contingencies,
even when the word holds no congruency relationsitip the colour. Further, these findings
add to the growing body of literature using relgpadadigms demonstrating that contingency
learning can occur in the absence of awareness Grigmp, Gong, & Milliken, in press;
Lewicki, 1986; Lewicki, Hill, & Czyzewska, 1992, 99; cf., Hendrickx, De Houwer, Baeyens,
Eelen, & Van Avermaet, 1997a, 1997b) and challehgadea that cognitive control processes
must be conscious.

The findings from Experiments 1 and 2 also proadpport for the notion omplicit
control. Using contingency information to predict respon@eg., in the proportion congruent
version of the Stroop task) is considered a coetigbrocess (e.g., Jacoby et al., 2003; Logan,

Zbrodoff, & Williamson, 1984). Thus, these resutidicate that control and awareness are
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dissociable given that control occurs in the absaisubjective awareness when learning
contingencies.
Sequential Analysis

To strengthen the claim that control can be edarglicitly, we report an analysis of
sequential effects that are most easily undersitotetms of control. Specifically, it is often
observed that participants will alter the way tpeyform a task based on what happened on the
preceding trial (e.g., Besner & Risko, 2005). Fatance, it has been observed that Stroop-like
effects are larger for trials following a congruénml than for trials following an incongruent
trial (Gratton, Coles, & Donchin, 1992). Arguabilyis occurs because on congruent trials the
word matches the colour. Hence, participants anenmelined to use the distracting word
information on the following trial, leading to mo&troop interference if the word is incongruent
and more facilitation if the word is congruentclontrast, on incongruent trials the word
mismatches the colour. Thus, on the following tpatticipants are less inclined to use the
distracting word information, leading to a redu&ttbop effect.

Sequential effects such as those described fooftike designs are conventionally
assumed to result from controlled processing. Agiogrto the present proposal that participants
are capable of implicit control, participants sltbbeé more likely to use contingency information
following high contingency trials (where the worlfeetively predicts the response) than
following low contingency trials (where the wordegicts the wrong response) even when
subjectively unaware. Thus, if participants exeplicit control over the use of contingency
information, then the contingency effect shoulddrger following high contingency trials than
low contingency trials. In contrast, if the claihat control can be exerted without awareness is

incorrect, then no sequential control should beepkexi (see Kunde, 2003, for the claim that
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sequential control requires awareness). Thus,danignof sequential control in the present
analysis would constitute strong support for treenslthat control can be exerted implicitly and
challenge the conventional wisdom that sequentiatrol necessarily reflects trial-by-trial shifts
in explicit strategies.

Results

Contingency-unaware participants from Experimdnésid 2 were combined into a single
data set to analyse sequence effects. The depeméastires for this analysis were mean correct
response latencies and percentage error. All reggoshorter than 250 ms or longer than 2000
ms were considered spoiled trials and excluded &oalysis. The first two blocks were
excluded as practice.

If control is exerted implicitly on a trial-by-ai basis, then the contingency effect should
be smaller following low contingency trials thanldaving high contingency trials. The response
latencies for the sequence analysis are presemtédure 1. A 2 (trial n-1 contingency; high,
low) x 2 (trial n contingency; high, low) ANOVA faesponse latencies confirms the critical
interaction between trial n-1 and trial n contingerF(1,49) = 4.585MSE= 1349,p = .037¢
The contingency effect was 23 ms larger followimghhcontingency trials than low contingency
trials. Planned comparisons revealed that therr@ntingency effect was significant for both
the trial n-1 high contingency condition (high: 6M8; low: 729 ms; difference: 53 mf}9) =
6.573,p < .001,SE;i = 8, and the trial n-1 low contingency conditioiggh 680 ms; low: 710
ms; difference: 30 ms)49) = 3.452p = .001,SE;x= 9. Thus, the contingency effect was
reduced following low contingency trials, but ndibenated.

Nothing in the error data contradicts the respdatancies findings. Percentage errors for

the sequence analysis are also presented in Figé& (trial n-1 contingency; high, low) x 2
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(trial n contingency; high, low) ANOVA for percemg@ error did not yield a significant
interaction between trial n-1 and trial n continggr-(1,49) = .753MSE=.1,p = .390.
Discussion

In the sequential analysis, contingenmawareparticipants across both experiments
were shown to control the influence of the diseagtord on colour identification based on the
contingency (high or low) of the previous trial spée a lack of subjective awareness of these
contingencies. That is, participants were mordyike use contingency information following a
high contingency trial where the word accuratelgdiets the colour (thus leading to a larger
contingency effect) than following a low continggridal. This challenges the idea that
sequential control requires awareness and supih@isaim that control can be implemented
implicitly.

Block Analysis

A contingency effect was observed in both Expenitsid and 2. Because this effect was
observed even for participants who were subjectiuaebware of contingencies, we have argued
that contingency learning is implicit. If this agsen is correct, then it would be expected that
contingency learning occurs rapidly at the veryibeing of the experiment. If, other the other
hand, contingency learning resulted from conscsitetegy, then it would be expected that
contingency learning would not be evidenced urditway through the experiment when enough
information has been accumulated to begin predjatsponses. To help discriminate between
these two alternatives, we conducted a block aisatys Experiments 1 and 2. The implicit
account of the contingency effect predicts an eanly stable effect. The explicit account, on the
other hand, predicts that the effect will not beatved until later blocks. Seeing as there are

only 48 trials in a block, it is not clear how atggpant could see enough trials to consciously
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recognize that the display words are not uncordlatith the display colours, then consciously
study more trials to determine which word is préseémwith which colour, then decide that it
may be useful to predict the colour based on thelywben map each word to a key, and finally
begin implementing this explicit strategy soon agioto influence responding to enough trials in
the very first block of 48 trials to generate aabie contingency effect.
Results

Contingency-unaware participants from Experimdnésid 2 were combined into a single
data set to analyse block effects. The dependeasumes for this analysis were mean correct
response latencies and percentage error. All reggoshorter than 250 ms or longer than 2000
ms were considered spoiled trials and excluded foalysis. All eight blocks were included in
the analysis.

The results for the block analysis are presemtdeddure 2a. A 2 (contingency; high, low)
x 8 (block) ANOVA for response latencies revealesigmificant contingency main effect,
F(1,49) = 41.926MSE= 9091,p < .001, indicating that participants respondedeiasverall to
high contingency trials. There was also a maincefier block,F(7,343) = 9.949MSE= 6581 p
<.001, indicating that overall response latendissreased throughout the experiment. Critically,
the interaction was not significai(7,343) = 1.485MSE= 2215,p = .171. (The small trend
evident in this statistic was due to the fact thatcontingency effect was slightly smaller in the
first block where initial learning was occurringcdtusion of this block reduces this trend,
F(6,294) = .923MSE= 2263,p = .478.) Planned comparisons were neverthelessuctew a
significant block effect was observed for all eighicks (allts(49) > 2.421ps< .020).

The error data were consistent with the respaateaties. Mean percentage errors are

presented in Figure 2b. A 2 (contingency; high,)lev8 (block) ANOVA yielded a main effect
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of contingencyF(1,49) = 9.404MSE= .003,p = .004, indicating that participants made less
errors overall to high contingency trials. Thereswaa main effect of block&(7,343) = 1.724,
MSE=.001,p = .102. The interaction was not significaR{7,343) = .777MSE= .002,p =
.607.
Discussion

The results of the block analysis support the &atidn that contingency learning is
implicit. In both the response latency and errdadacontingency effect occurred in the first
block and was maintained throughout the experimiéot.only is this consistent with the
implicit control interpretation, but it is incongst with an account holding that contingencies
are learned and used explicitly. If the contingeleayning effects observed here were due to
explicit learning, then it would have taken a felwvdks for participants to integrate information
about contingencies to plan a response strategy.

Experiment 3

So far, we have argued that our proportion congrlike contingency effects and
sequential trial effect result from implicit conltrdhe claim that these controlled processes can
be implemented implicitly is supported by the fewt these effects were observed even for
contingency-unaware participants. The claim thatdffiect is implicit is also supported by the
block analysis, which showed that learning occeny vapidly. Experiment 3 was conducted to
investigate whether level of awareness of contingesnis necessarily related to the size or
presence of a contingency effect. Participants wWeseefore categorized based on their level of
awareness and compared.

Another goal of Experiment 3 is to broaden ouufto include objective measures of

awareness. The focus of the previous experimergsowsubjectiveawareness of contingency
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information. It is unknown whether a contingencieef would still be observed for participants
that are unaware based ondjectivemeasure of awareness (i.e., where participants are
assumed to be “unaware” if they cannot guess cgaiticies at a rate greater than expected by
chance).

Participants in Experiment 3 were asked whethey there aware of contingencies and
were then asked to guess which colour each wordovesented in most often. Based on these
responses, participants were grouped into thresgodes: subjectively aware (aware),
subjectively unaware but above chance guessingvaned, and at or below chance guessing
(chance). If contingency learning is implicit, thigis would imply that level of awareness (i.e.,
aware > unaware > chance) should not affect treecdithe contingency effect. However, it may
be the case that chance participants may not heteetdd contingencies at all. In that case, no
effect would be observed for this group. Experinteitierefore tests whether level of awareness
(aware, unaware, chance) modulates or is indep¢déme contingency effect.

Method

Participants.Forty-four undergraduate students at the Universityaterloo
participated in exchange for $4 or participatioadit.

Apparatus.The apparatus for Experiment 3 was identical imepects to Experiments 1
and 2.

Materials and DesignThe materials and design for Experiment 3 was idehin all
respects to Experiment 2.

ProcedureThe procedure for Experiment 3 was identical imredlpects to Experiment 2,
with one exception. Instead of being asked verliaflyhe experimenter whether they noticed

contingencies, participants were asked the sams&tiqueby the computer and then were asked to
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guess the colour that each of the four words wisdagal in most often.
Results

The dependent measures for Experiment 3 were pwaect response latencies and
percentage error. All responses shorter than 2560rrnmger than 2000 ms were considered
spoiled trials and excluded from analysis (less th# of the data). The first two blocks were
excluded as practice.

The response latency data for Experiment 3 argepted in Figure 3. A 2 (contingency;
high, low) x 2 (awareness; aware, unaware, chall®) VA for response latencies yielded a
significant main effect of contingendly(1,41) = 28.438MSE= 326,p < .001, indicating an
advantage for high contingency trials over low aogency trials. The ANOVA also revealed a
theoretically-uninteresting main effect of awaren€$2,41) = 4.561MSE= 21862, = .016,
indicating that aware participants responded oV&sler than the other two groups. Critically,
however, there was no interaction between conticigand awarenesg(2,41) = .203MSE=
326,p = .817, indicating that level of awareness was lated to size of the contingency effect.
Planned comparisons were nevertheless conducteshlireg a significant contingency effect for
aware participants(9) = 2.679p = .025,SE; = 8, unaware participant§14) = 4.445p =
.001,SE;i = 5, and chance participant§l8) = 2.808p = .012,SEyix = 7.

The error data for Experiment 3 are also preseint&igure 3. A 2 (contingency; high,
low) x 2 (awareness; aware, unaware, chance) AN@a&aled a significant main effect of
contingencyF(1,41) = 18.669MSE< .001,p < .001, indicating an advantage for high
contingency trials over low contingency trials. TARROVA yielded no main effect of
awareness;(2,41) = 1.803MSE=.002,p = .179. Critically, there was no interaction betwee

contingency and awarene$§%2,41) = .508MSE< .001,p = .605, indicating that level of
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awareness was unrelated to size of the contingeffiegt. Planned comparisons were
nevertheless conducted, revealing a significanticgency effect for aware participant) =
3.051,p = .014,SE;i = .006, and unaware participar{d,4) = 2.899p = .012,SE;x = .005, as
well as a marginally significant effect for charpaaticipantst(18) = 1.882p = .076,SE;i =
.006.
Discussion

The results of Experiment 3 clearly show thatardy cancontrol be engaged without
awareness, but that level of awarenessiglatedto the magnitude of the contingency effect. It
did not matter whether participants were subjebttiagvare of contingencies, subjectively
unaware but above chance guessing, or even guedsthgnce; equivalent contingency learning
in both the latency and error data was observessagroups. This suggests that contingency
learning is inherently implicit, which contradidtaditional interpretations of contingency effects
that assume conscious strategy (e.g., standardiatscof the proportion congruent effect).

Experiment 4

So far we have presented a behavioural contrawat®f our data. That is to say, we
argue that participants learn contingency infororatmplicitly and then directly use this
information to control responses. There are, howetdeast two alternative accounts of the data
presented thus far. The first alternative is thea®ic association account, which holds that
rather than using contingencies to predésponsesparticipants are simply forming meaningful
associations betweeatimuluswords and colours that frequently co-occur. Fotanee, if the
word MOVE is presented in blue 75% of the timentkige stimulus word MOVE and the
stimulus colour blue become meaningfully related/iojue of this contingency association

(similar to Hebbian learning). Thus, participansuld be using the word to predict tsimulus
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colour, not theesponseccording to the semantic association account.

Similar to this semantic association account, lz@oalternative is a stimulus familiarity
account. According to the stimulus familiarity agot participants respond to word-colour pairs
that they have seen more often (e.g., M@WEfaster than to word-colour pairs that they have
seen relatively less often (e.g., MOy, simply by virtue of the fact that they are more
familiar with them. Thus, the cognitive system @& sensitive to contingencies, but rather to
frequencies of event pairs. Thus, it could simmthe case that participants respond faster to
high contingency trials because they have see tlvesd-colour stimulus pairs more often than
the word-colour stimuli for low contingency trials.

There are therefore at least three accounts afdhengency effect. The behavioural
control account preferred here posits that leanoedingency information is used to predict
responses. The semantic association and stimutuBdaty accounts both posit that the effect
emerges as a result of stimulus interactions ¢he.learning of associations and the learning of
frequency of event pairs, respectively). To hegrdminate between these accounts we used a
manipulation conceptually similar to that used /Houwer (2003) and Schmidt and Cheesman
(2005) in the Stroop paradigm. Specifically, focleg@articipant, two colours were assigned to a
left response key (e.g., blue and green) and tWeratolours were assigned to a right response
key (e.g., yellow and orange). As in Experimengdch of four words was presented most often
in one colour (e.g., MOVike). According to the semantic association and stisitmiliarity
accounts, “high contingency” trials are trials ihieh thestimulusword is presented in the
stimuluscolour it is most often presented in (e.g., MQME On the other hand, according to
the behavioural control account high contingen@ldrare trials in which the corre@sponse

(e.g., a left key press response) isrsponsehat is usually made in the presence of the
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distracter word (e.g., the correct response isetidey for both MOVEg,e and MOVEeen

which represent 75% + 8.3% = 83.3% of the trialer@MOVE is the distracter). This creates
three trial types: (1) stimulus match trials, whitre word is presented in the colour it is most
often presented with and the response key predimteélde word matches the correct response
(e.g., MOVEe, Where MOVE is presented 75% of the time in blng &3.3% with the left key
as the correct response), (2) response match tnibkre the word isot presented in the colour
that it is most often presented in, but the respdwey predicted by the word matches the correct
response (e.g., MOVjgen Where MOVE is presented 8.3% in green and 83.3%bthve left key
as the correct response), and (3) response misrmetish where the word is presented in one of
the remaining low contingency colours that is asged with the competing response key (e.g.,
MOVEeiiow OFf MOV Eyrange Where MOVE is presented 8.3% in each of theseursland 17.7%
the right key is the correct response).

To review, according to the semantic associatiahstimulus familiarity accounts,
stimulus match trials should be faster than respomatch trials, because the word-colour pairs
for stimulus match trials (e.g., MOVE) are more frequent than the word-colour pairs for
response match trials (MO\&e,). Additionally, both of these accounts predictdiiberence
between response match (e.g., MQ¥E and response mismatch trials (MOMF.,), because
the prevalence of word-colour pairs for both thigles is identical (8.3%). In contrast, the
behavioural control account predicts the exact sgpgattern of results. No difference is
predicted between the stimulus match and respoasehrtrials, because for both trial types the
response key is accurately predicted (e.g., thédafis the correct response 83.3% of the time
for the word MOVE, so it does not matter whether dinsplay colour is blue or green).

Additionally, a difference is expected between oesge match and response mismatch trials. On
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response match trials the correct response is aetyipredicted and on response mismatch
trials the incorrect response is predicted.
Method

Participants.Eighteen undergraduate students from the Univeo$ityaterloo
participated in exchange for $4 or participatioedit.

ApparatusThe apparatus for Experiment 4 was identical imespects to Experiments 1
and 2.

Materials and DesigrnlThe materials and design for Experiment 4 weretidehin all
respects to Experiment 1, with the exception of nesponse mappings and the resulting three
trial types. To review, on stimulus match triale thiord was presented in the ink colour that it
was most often presented in (75%), on responsehniadts the word was presented in the other
colour assigned to the high contingency respongedqel on response mismatch trials the word
was presented in one of the remaining two colossggaed to the low contingency response key.

ProcedureThe procedure for Experiment 4 was identical imredlpects to Experiment 1,
with one exception. Instead of having each of the tolours assigned to its own response key,
two colours were assigned to the left “f” key ahd temaining two were assigned to the right “j”
key. Assignment of colours to keys was completelyrnterbalanced across participants.
Results

The dependent measures for Experiment 4 were swaect response latencies and
percentage error. All responses shorter than 2560rrnmger than 2000 ms were considered
spoiled trials and excluded from analysis (less th# of the data). The first two blocks were
excluded as practice. Colour repetitions were sdgwoved from analysis (25% of the data) and a

word repetition factor (repetition, non-repetitiomds added to the model to partial variance. The
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reason for removing colour repetitions and partiglivord repetitions is that complete
repetitions (i.e., when both the word and the cole repeated) speed responses, but are not
equi-prevalent in all conditions. Specifically, cplete repetitions are nearly impossible in the
response match and response mismatch conditiorseadcomplete repetitions are quite
common in the stimulus match condition. By deletotpur repetitions, complete repetitions are
impossible but word repetitions (which may alsoespeesponding) are not equi-prevalent across
conditions, so either word repetitions had to bletéd or the effect of word repetitions had to be
partialled (the data is essentially identical aitlvay, with the same statistical tests significant)

The response latencies are shown in Figure 4(tAa type; stimulus match, response
match, response mismatch) x 2 (word repetitionetigpn, non-repetition) ANOVA yielded a
significant main effect of trial type;(2,34) = 5.234MSE= 1709,p = .010. There was no main
effect of word repetitioni-(1,17) = .003MSE= 2183,p = .959, or an interactiof(2,34) =
112, MSE= 2648,p = .894. Planned comparisons support the behavicardfol account of the
contingency effect. Responses to response matth (657 ms) were significantly faster than
response mismatch trials (583 nt§),7) = 2.674p = .016,SE;# = 10. There was no support,
however, for the semantic association or stimudusiliarity accounts of the contingency effect.
Responses to stimulus match trials (555 ms) wetsignificantly different from response match
trials (557 ms){(17) = .179p = .860,SE; = 9, and power to detect an effect of equivalere si
to the behavioural control effect observed wasigefitly high at .754.

The error data are also shown in Figure 4. Aial(type; stimulus match, response
match, response mismatch) x 2 (word repetitionetiépn, non-repetition) ANOVA for
percentage error revealed a significant main efféetord repetitionF(1,17) = 5.991MSE=

.007,p = .026, indicating that word repetition trials geated less errors than non-repetition
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trials. Despite the consistency of the error abehley data, the main effect of trial type failed to
reach statistical significancé(2,34) = 1.648MSE= .006,p = .207. There was no interaction,
F(2,34) = .540MSE= .005,p = .588.

Discussion

The results of Experiment 4 show that pairingstohuli do not simply form semantic
connections or breed familiarity, but instead disecause changes in our behaviour (at least in
the present context). In addition, we have alrestthwvn that this occurs implicitly, without
awareness.

If human behaviour can be modified in ways thatdeenot intend by the pairings of
stimuli that we do not even acknowledge, then po#sible that a range of human behaviours are
simply reactionary in this way? Is our perceptidrivall” or “intent” simply an illusion?

Clearly, these deep philosophical questions arbdgond the scope of the present investigation,
but the importance of understanding such non-consdnfluences on human behaviour cannot
be understated. The present findings suggestmstamce, that an undesirable behaviour such as
racial discrimination could be propagated by mimigre., we learn the contingency between
skin colour and how each race is treated and usénflormation unintentionally to directly
control our behaviours in accordance with thisnhedrcontingency). Research is currently
underway to test whether the current results deggize to more complex behaviours.

General Discussion

The present series of experiments provide a deawonstration of implicit control. The
results of all four experiments indicate that paptnts are able to learn and use contingencies
between colour-unrelated words and colours witlaewdareness. The specific mechanism by

which participants use contingency informationugHter clarified by Experiment 4, where
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simple semantic association and stimulus familiaattcounts were ruled out and support for the
behavioural control account was seen. This findioginates an inherent difference between
contingency and Stroop effects. In the Stroopditare, both stimulus-stimulus effects (semantic
association) and response-response effects (bemalvamntrol) have been observed in the
Stroop task (e.g., Schmidt & Cheesman, 2005, 2B@ko, Schmidt, & Besner, in press). In
contrast, only behavioural control effects wereesbed for the contingency task.

The fact that participants are able to learn a®laontingency information to control
responding even without awareness is of partidatarest. Typically, control is assumed to
require awareness (e.g., Kunde, 2003), wheregzrésent results clearly demonstrate that this
need not be so (see also, Besner & Stolz, 199@) rd@sults of the sequence analysis provide a
further basis for an interpretation in terms of licipcontrol. Specifically, implicit control is
seen in the fact that participants modulated th@aghof word reading processes on colour
identification based on contingencies, even thahgly were subjectively unaware of these
contingencies in the first place. Thus, some meishabelow the level of awareness is
recognizing contingencies, noticing when the waiebirectly or correctly predicts the colour
response, and controlling the influence of the iogaincy information from the word on the
following trial. These demonstrationsiaiplicit control force a dissociation between control and
awareness, as demonstrated in the block analysesewhe contingency effect was observed
even in the first block of trials, and in Experimh@ywhere the size of the contingency effect was
independent of level of awareness.

Together, these results add to a growing bodgséarch showing the various ways in
which contingency information can bias respondind behaviour. For instance, Crump et al. (in

press) showed an ISPC-like effect where particpamre unable to guess the congruency
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proportions of different display locations. Impti@arning has also been observed in priming
studies (Bodner & Masson, 2001, 2003; Greenwaldaiis, Naccache, & Stanislas, 2003;
Jaskowski, Skalska, & Verleger, 2003), sequengiatiing studies (Destrebecqz & Cleeremans,
2001; Jiménez & Méndez, 1999; Mayr, 1996; NisseBuSlemer, 1987), and object-location
learning studies (Hoffmann & Kunde, 1999; MuserQd)9 Additionally, Lewicki (1986;

Lewicki et al., 1992, 1997) reported various dent@i®ns of implicit covariation learning (cf.,
Hendrickx et al., 1997a, 1997b). Given all thisadanplicit learning seems to be a highly
replicable and general phenomenon (although théralways be some debate over what
constitutes evidence of implicit learning; see BEm& Ringer, 2003, for a discussion of these
issues).

Additionally, the account of the present findirggfectively explains both the proportion
congruent and ISPC effects. In these paradigmsraengwords in the high proportion
congruent condition have high word-response coehges and incongruent words have low
word-response contingencies. Thus, the resultitigptp effect” may be regarded as a
combination of standard congruency effects andicgaency learning effects. In contrast, in the
low proportion congruent condition, congruent woldse low word-response contingencies and
incongruent words have high word-response conticigenThus, the resulting “Stroop effect”
may be regarded as the standard congruency elésstsontingency learning effects.
Conclusions

The received view of controlled processes is thatpntrast to automatic processes, they
are effortful, require more processing resourceksatention, and are conscious in nature. The
present results are not consistent with this siiledliview of controlled processes. In particular,

we are able to learn contingency information, egerttrol over responding with this
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information, and even control the degree to whiethscontingency information is used on a
trial-by-trial basis. All of this can be accompléshwithout any awareness (subjective or
objective) of the contingencies present. If thialgsis is correct, then control need not imply

awareness.
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Footnotes
! The proportion of correct responses expected bpah = P(both correct) + P(one correct) / 2 =
P(2" correct/# correct) + (P(T correct) + P(¥ correct/$ incorrect) — P(? correct/f! correct))
[2=(1/6*2/7)+ (2/7 —(1/6 * 2/7) + (1/3 * A7/ 2 = .286 or 28.6%. Note: P(one correct) is
divided by two because this represents only 50%racy.
2 One of the reviewers expressed concern that oasune of subjective awareness may have
been subject to demand characteristics, leadirtgcipants to deny their actual awareness of
contingencies. However, our interaction with thetipgpants suggests this to be unlikely, as
contingency-unaware participants seemed to haveetlezse bias. Many seemed slightly
anxious to “discover” what we were asking themayp and would often claim that they
“thought” they might have been aware, but when pdolor examples gave clearly inappropriate
responses (e.g., “I think | saw blue most oftenithwo reference to a word), thus demonstrating
their complete lack of awareness even when motiviatelemonstrate awareness.
% However, there were some contingency-aware paatits in Experiment 3, which also used a
50% contingency. In fact, subjective awarenesshigtser in all of our University of Waterloo
samples, likely resulting from the fact that Unsigr of Waterloo participants were given some
information on the actual purpose of the experimeltring recruiting, whereas University of
Saskatchewan participants were not. There may &laeebeen differences in level of motivation
between summer session University of Saskatchetuaests and regular session University of
Waterloo students.
* A reviewer of an earlier version of this manustcppinted out that the constraint put on the
presentation order of print colours (viz., thataobour can be repeated) makes it such that word

repetitions occur on a differential proportion oéfs in the various conditions. For instance, a
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word repetition cannot occur on a high contingetniay if the preceding trial was also a high
contingency trial. However, the interaction remaafter removing word repetitions, only it falls
short of significance(1,49) = 2.382MSE= 1513,p = .129,due to the fact that removing word
repetitions entails discarding 25% of the data ¢roésvhich is lost from the cells which already
have very few observations), which increases tha érm. In addition, this reviewer’s account
actually predicts an interaction of treverse directiombserved. On trial n-1 high contingency
trials, trial n low contingency trials should beespded due to 33% word repetitions and trial n
high contingency trials should be unaffected du@%oword repetitions. Thus, the contingency
effect should belecreasedvhere it actually increased. On trial n-1 low caggncy trials, trial n
low contingency trials should be speeded due to @2l repetitions, but trial n high
contingency trials should be even more speededad88% word repetitions. Thus, the

contingency effect should liecreasedwvhere it actually decreased.
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Figure Caption
Figure 1.Experiment 1 and 2 response latencies in millisdsdar trial n high and low

contingency and trial n-1 high and low contingetrggls. Percentage errors appear in brackets.

Figure 2.Experiment 1 and 2 (a) response latencies in mdbsds and (b) percentage error for

contingency and block.

Figure 3.Experiment 3 response latencies in millisecondsémtingency and level of

awareness. Percentage errors appear in brackets.

Figure 4.Experiment 4 response latencies in millisecondsraltieg to trial type. Percentage

errors appear in brackets.
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