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The intentional theory of instrumental performance proposes that performance of an action
is determined in part by a belief about its causal effectiveness in producing a desired outcome.
At variance with this notion, previous implicit learning experiments appear to have yielded dis
sociations between subjects' performance and beliefs. In two experiments, subjects were given
an opportunity to perform an action-pressing a key on a computer keyboard-which was associated
with an outcome on the computer screen according to a free-operant contingency. The subjects
in one group were asked to judge the effectiveness of the action in causing the outcome, while
those in a second group were asked to maximize their points score under a payoff schedule. In
the first study, the effect of varying the contingency between the action and outcome was exa
mined by keeping the probability of an outcome contiguous with an action constant and varying
the probability of an outcome in the absence of an action. Performance and judgments showed
a comparable sensitivity to variations ofthe instrumental contingency. In the second study, the
delay between the action and the resultant outcome was varied. Increasing the action-outcome
delay from 0 sec up to 4 sec produced a systematic decline in both causal judgments and perfor
mance relative to noncontingent, control conditions. These results are in accord with the inten
tional theory of performance, but they present difficulties for the notion of implicit learning.

Cognitive or intentional theories of instrumental action
have been commonplace in psychology and philosophy
for many years. These theories assume that performance
is mediated by a belief about the effectiveness of the ac
tion in causing a desired outcome. For instance, Tolman
(1959) argued that experience of a positive instrumental
relationship results in the acquisition of an expectancy or
belief' 'that an instance of this sort of stimulus situation,
if reacted to by an instance of this sort of response, will
lead to an instance of that sort of further stimulus situa
tion" (p. 113; the italics are Tolman's). Furthermore, he
assumed that such an expectancy interacts with the cur
rent "valence" of the outcome ("that sort of further
stimulus situation") to determine performance. This is
a view that has been endorsed, in one form or another,
by subsequent statements of the intentional account (e.g. ,
Bolles, 1972; Dickinson, 1989; Heyes & Dickinson,
1990; Irwin, 1971).

Although rarely stated explicitly in presentations of in
tentional theory, it is reasonable on this account to as
sume that the level of performance, such as the rate of
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responding on a free-operant schedule, is determined, at
least in part, by the agent's belief about the strength of
the causal relationship between the action and the out
come.' An obvious implicationof this account is that there
should be a concordance, across variations in the critical
parameters of an instrumentalassociation, between (1) the
subject's belief about the causal effectiveness of an ac
tion, and (2) their performance of that action.

Several authors, however, have recently defended a
quite different theory of action, proposing that human in
strumental performance on complex tasks is typically un
der the control of knowledge that is acquired implicitly
that is to say, in the absence of awareness and not avail
able for verbal report. Explicit knowledge, which is avail
able to awareness and can be verbalized, is functionally
separate from implicit knowledge and is presumed to play
no role in performance on complex tasks.

The reason for making this radical claim is that in a
variety of learning situations, performance and awareness
appear to be dissociable. Thus Berry and Broadbent
(1984), Hartman, Koopman, and Nissen (1989), Hayes
and Broadbent (1988), Lewicki (1986), Lewicki,
Czyzewska, and Hoffman (1987), Nissen and Bul1emer
(1987), Reber (1989), Sanderson (1989), Stadler (1989),
and Willingham, Nissen, and Bullemer (1989), among
others, have all reported situations in which subjects' per-
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formance on a task has improved in the absence of any
corresponding change in reportable knowledge.

Of course, performance and verbal reports do not al
ways dissociate; in Sanderson's (1989) experiments, they
typically were associated rather than dissociated. Although
associations do not necessarily undermine the implicit
explicit distinction, some researchers have questioned
whether any of the evidence satisfactorily demonstrates
dissociations between performance and verbal report
(e.g., Brody, 1989; Green & Shanks, 1990; Perruchet,
Gallego, & Savy, 1990; Perruchet & Pacteau, 1990,
1991; Sanderson, 1989, 1990). Thus, at present, the
case for the implicit -explicit dissociation appears to be
undecided.

In implicit learning experiments, researchers generally
adopt the strategy of trying to demonstrate improvement
on some measure of performance in a subset of subjects
for whom there is no concomitant improvement (or even
a reduction) in reportable knowledge. In the present ex
periments, we adopted a somewhat different strategy to
examine the concept of implicit learning. Instead of sim
ply classifying subjects as aware or unaware, we used a
procedure in which subjects reported their beliefs about
an action-outcome relationship on an ordinate scale. We
then attempted to see whether certain factors known to
affect instrumental performance have a similar effect on
reported beliefs. Although it is generally accepted that suc
cessful conditioning is usually accompanied by an aware
ness of the instrumental relationship (see Brewer, 1974),
there has been little work assessing the concordance be
tween instrumental action and beliefs across the major
parameters of the relationship. This is the issue addressed
here.

In experiments on instrumental conditioning in animals,
two major parameters of the instrumental relationship have
been identified. The first is the temporal contiguity be
tween the outcome and the action that caused it. If the
occurrence of the outcome is delayed after the action, per
formance decreases systematically with the length of the
delay (see Mackintosh, 1974, and Tarpy & Sawabini,
1974, for reviews). A second important determinant of
performance is the action-outcome contingency. The ef
fect of contingency can be dissociated from that of con
tiguity in a free-operant procedure by keeping the proba
bility of a contiguous outcome fp(O/A)] constant and
varying the probability of an outcome in the absence of
an immediately preceding action fp(O/-A)]. It is now well
established that as the causal effectiveness of the action
is degraded by increasing p(O/-A), performance of the
instrumental action declines (see, e.g., Hammond, 1980).

The intentional account of instrumental action predicts
that judgments of the causal effectiveness of an action and
performance of that action should show a comparable sen
sitivity to variations in action-outcome contiguity and con
tingency. Chatlosh, Neunaber, and Wasserman (1985)
presented extensive evidence for such a concordance

across variations of the instrumental contingency. Their
human subjects performed a simple free-operant task, in
which pressing a key was the instrumental action and a
flash of a light the outcome. When the subjects were en
couraged to maximize outcome occurrences by associat
ing each outcome with the gain of a point, Chatlosh et al.
(1985) found that both the probability of keypressing and
judgments of the causal effectiveness of the action
decreased systematically asp(O/-A) was raised. Our first
study was an attempt to replicate this observation, whereas
in the second, we investigated the concordance between
performance and judgment across variations in action
outcome contiguity.

EXPERIMENT 1

The design of our study replicated a subset of the con
ditions investigated by Chatlosh et al. (1985). In three of
the four conditions, p(O/A) per second was set at 0.875,
and the contingency was varied across these conditions
by setting p(O/-A) at 0.125, 0.500, and 0.875 per sec
ond. Under the latter condition, keypressing had no causal
effect, and the occurrence of the outcome was noncon
tingent. In addition, we presented the subjects with another
noncontingent condition in which the outcome probabil
ity per second was 0.125 rather than 0.875. This low
frequency, noncontingent condition was included to in
vestigate a potentially crucial dissociation between per
formance and judgments observed by Chatlosh et al. They
reported that judgments under noncontingent schedules
tended to increase with outcome probability, whereas per
formance decreased. Clearly such a dissociation would
be problematic for an intentional account. Therefore, the
reliability of this observation should be assessed.

We made two modifications to the procedure used by
Chatlosh et al. (1985). They employed a within-subjects
design in which performance and judgments were mea
sured in the same subjects. The advantage of such a
within-subjects design for assessing the concordance be
tween performance and causal judgment is that the sub
jects' judgments are based on the actual experience of the
instrumental contingency generated by their performance
under this relationship. With this design, however, there
is the possibility that requiring the subjects to make an
explicit causality judgment biases them toward adopting
the cognitive strategy of basing their performance on their
current causal belief, a strategy that they may not spon
taneously adopt when faced solely with the task of max
imizing their points score. Perruchet and Baveux (1989)
have criticized some earlier implicit learning research on
much the same grounds. Consequently, we used a
between-subjects design in which performance and judg
ments were assessed in separate groups. Second, our
payoff schedule specified not only a points gain for out
comes but also a cost for keypressing. In the absence of
such a cost, there is no penalty for overresponding on non-



contingent schedules and thus no explicit reason for
regulating performance according to the action-outcome
contingency.

Method
Subjects and Apparatus. The subjects were 28 members of the

Applied Psychology Unit's subject panel, who were paid for their
participation. The experiment was conducted on a BBC B/Torch
Z80 microcomputer, connected to a video screen (white on black).
The subjects were tested individually in a sound-proofed cubicle.

Procedure. At the beginning of the experiment, the subjects were
given the following instructions on the computer screen:

Please readandfollow the instructions very carefully. Takeas much
time as you like. There will be a triangle on the screen like this:

The outline of a triangle with sides 5 cm long was presented on
the screen. The next instruction was as follows:

Now press the SPACE BAR and see what happens...

When the subject pressed the space bar, the whole triangle lit up
for 0.1 sec, and the computer simultaneouslygenerated a tone (mid
dle C) for the same duration. These two events constituted the out
come. After the outcome had occurred, the outline of the triangle
remained on the screen as before. Then the instructions continued:

and press it a few more times ...Then press the RETURN key to
continue...

The subject could press the space bar and observe the triangle flash
ing a few more times. Then the instructions continued:

Thetriangle lights up. Sometimes the triangle may light upof itsown
accord, like this:

The triangle then flashed four times, at 2-sec intervals, indepen
dently of any response.

Finally, the main part of the instructions was presented. For the
12 subjects in the judgment group, the task was to make judgments
about the action-outcome relationship. For this group, the instruc
tions were as follows:

Your task inthisexperiment isto find outwbether pressing theSPACE
BAR has anyeffect on whether or not the triangle lights up. At any
time youmay choose whether or not to press the SPACE BAR. You
canpress it as often or as littleas youlike. However. because of the
nature of the taskit is to youradvantage to press it some of the time
and not to press it some of the time.

Sometimes thetriangle willflash when youpress theSPACE BAR
andsometimes it willflash of itsownaccord. You must judge theex
tent to which pressing the SPACE BAR is the cause of the triangle
lighting up.

You will be given four different problems, each lasting for two
minutes. The relationship between pressing the SPACE BAR and
whether or not thetriangle lights upwill beconstant within each problem
but may well differ from one problem to the next.

At theend of eachproblem you will be asked to give an estimate
on a rating scale of the extent to which you think that pressing the
SPACE BAR caused the triangle to lightup during that problem.

For the 16 subjects in the performance group, the measure of
interest was their rate of pressing the space bar. The instructions
given to subjects in this group were as follows:

Your taskin thisexperiment is to score as many points as youcan.
Every timethetriangle flashes, 3 points will beadded to yourscore.
but eachpressof the SPACE BAR willcostyou I point, which will
be deducted from your score.

Thusif pressing theSPACE BAR tends tocause thetriangle to flash,
thenyouwill gain more points bypressing it. But if the triangle tends
to flash of itsownaccord, youwill simply lose points by pressing the
SPACE BAR.

You will be given four different problems, each lasting for two
minutes. The relationship between pressing the SPACE BAR and
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whether or not thetriangle lights upwill be constant within each problem
but may well differ from one problem to the next.

At theendof eachproblem youwill be toldhow many points you
scored inthatproblem. You must try togetas many points aspossible
in each problem.

The first problem commenced after these instructions. Each
problem lasted for 2 min. In each problem, the 2-min period was
divided into 120 l-sec intervals. If a press occurred during a given
interval, the outcome occurred at the end of that interval with prob
ability p(O/A). If no press occurred, the outcome occurred with
probabilityp(O/-A). Only the first press in an interval was recorded
and had any programmed consequences.

In three conditions (875/125, 875/500, and 875/875), P(O/A) was
0.875. The conditions differed in the value of P(O/-A), which was
increased from 0.125 (875/125) to 0.500 (875/500) to 0.875
(875/875). Finally, there was another noncontingent condition
(125/125) in which p(O/A) and p(O/-A) were both 0.125. These
probabilities acted as parameters for a software probability gener
ator, so that the actual p(O/A) and p(O/-A) experienced by each
subject could differ slightly from these nominal values. The order
in which the conditions were presented was counterbalanced across
subjects in such a way that each condition occurred equally as often
as the first, second, third, and fourth conditions.

At the end of each problem, subjects in the judgment group gave
a rating of the causal effectiveness of pressing the space bar. They
were given the following instructions:

Type ina number below to indicate theextent to which pressing the
SPACE BAR caused the triangle to light up. Use a scale from zero
to 100. 100 indicates that pressing the SPACE BAR always caused
the triangle to lightup, and zero indicates that pressing the SPACE
BAR had no effect on whether or not the triangle lit up. Press the
RETURN key after typing in your judgement. Your judgement?

The subjects in the performance group, on the other hand, were
simply told how many points they had scored in the preceding
problem. This was calculated by adding 3 points for every outcome
that occurred and subtracting 1 point for each press of the space bar.

Results and Discussion
The top panel of Figure 1 displays the mean presses

per minute emitted by the performance group in the vari
ous conditions, whereas the mean ratings of the causal
effectiveness of keypressing made by the judgment group
are illustrated in the bottom panel. The reliability of the
effects of varying action-outcome contingency was as
sessed against a criterion of 0.05 for rejecting the null
hypothesis.

As can be seen from Figure 1, our results replicated
the general concordance between performance and causal
judgment observed by Chatlosh et al. (1985); both mea
sures showed a systematic decline as the causal relation
ship between the action and outcome was degraded by in
creasing p(O/-A). An overall analysis revealed a
significant effect of contingency for both the judgments
[F(3,33) = 25.56, MSe = 308.7], and keypresses per
minute [F(3,45) = 8.09, MSe = 134.8]. Preplanned,
nonorthogonal contrasts, assessed against the critical
values for Bonferroni F, revealed significant differences
between the 875/125 and 875/500 conditions for both rat
ings [F(1,33) = 17.69, MSe = 51.5] and presses per
minute [F(1,45) = 6.47, MSe = 16.8], but not between
the 875/500 and 875/875 conditions [F(1,33) = 6.01, MSe

= 51.5, and F(l,45) = 1.14, MSe = 16.8, respectively].
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Figure 1. Experiment 1: Mean number of presses per minute for
the performance group (top panel), and mean causality ratings for
the judgment group (bottom panel), across the different
action-outcome contingencies.

The general design of this study was based on that of
an experiment reported by Williams (1976). Williams
compared the performance of pigeons underdifferentde
lays of reinforcement with that on a yoked, noncontin
gent scheduledeliveringthe same rate and temporalpat
tern of reinforcement. With this design, the abilityof the
subjects to detect the causal relationship between an ac
tion and the outcome, a reinforcer, under different de-

EXPERIMENT 2

The task demands affected performancedifferentially
in the two groups; the rate of keypressing was signifi
cantly affectedby variations in the action-outcome con
tingency only in the performance group. An overallanal
ysis of the rate of keypressing revealed a significant group
x contingency interaction [F(3,78) = 3.18, MSe =
124.3], and an analysis of the simple main effect failed
to reveal a significant effect of contingency in the judg
ment group [F(3,33) = 2.79, MSe = 110.0]. The mean
rates of keypressing in this group under the various con
tingencies were 875/125: 25.7; 875/500: 16.0; 875/875:
15.5; and 125/125: 22.8 presses per minute. An interac
tion between the effect of the task instructions and the
action-outcome contingency wasalsoreported byChatlosh
et al. (1985); as in our study, variations in contingency
failed to affect the performance of their subjects unless
theywererequested to maximize the number of outcomes.
Presumably, thisdifference reflected the factthat the per
formance strategyfor maximizing the pointsscore differs
from that for determining the contingency. For instance,
the judgment strategy of sampling both p(O/A) and
p(O/-A) is appropriateunder each contingency, but it is
clearly at variance with maximizing the points score.

Finally, it should be noted that the actual
contingencies-as measured by the difference between
p(O/A) and p(O/-A) experienced by the two groups
werecomparable. Thedifferences between thesetwocon
ditional probabilities for the judgment group were
875/125: 0.725; 875/500: 0.386; 875/875: -0.019; and
125/125:0.003; andfor the performance group, theywere
875/125: 0.734; 875/500: 0.373; 875/875: -0.053; and
125/125: -0.023. An overall analysis revealed neither
a significant effect of group nor a significant group X

contingency interaction (F < 1 in both cases).
In conclusion, this studyreplicated the concordance ob

servedby Chatlosh et al. (1985)between causal judgments
andperformance across variations in action-outcome con
tingency. In fact, the concordance observed in our study
was somewhatbetter, in that we failed to detect any dis
sociationbetweenthe two measuresunder noncontingent
schedules differing in outcome frequency. Moreover, this
concordance was observedin the absenceof any explicit
requirement that the subjects in the performance group
makea cognitive judgment, In the nextstudy, we assessed
theeffectof varyingthe action-outcome contiguity rather
than contingency.
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We failed to replicate the apparent dissociation between
judgment and performance observed by Chatlosh et al.
(1985). In our study, neither the causal ratings [F(1,33)
= 2.34, MSe = 51.5] nor the rateofkeypressing [F(1,45)
= 1.19, MSe = 16.8] differedsignificantly under the two
noncontingent schedules. The directionof the difference
was in agreementwith Chatloshet al. 's observations for
the judgments, in that the noncontingent schedule with
a higher outcomefrequency (875/875) tendedto produce
higher ratings than did the low-frequency schedule
(125/125), a finding thathas beenreported in several other
studies (see Shanks, 1991, for a review). In contrast to
Chatlosh et al.'s (1985) findings, however, the difference
was in the same direction for the judgments and for the
rate of keypressing in the performance group. The rea
son for this discrepancy is notclear, but it should be noted
that the subjects in Chatloshet al. 's study were exposed
to negativecontingencies as well as the positiveand non
contingent schedules employed in the presentexperiment.
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Figure 2. Experiment 2: Mean number or presses per minute ror
the performance group (top pane!), and mean causality ratinp ror
the judgment group (bottom pane!), across tbe dlrrereDt
action-outcome delays.

The pattern of judgmentsessentially replicated that ob
served by Shanks et al. (1989). The subjects clearly dis
criminated between the contingent and noncontingent con
ditions when the outcome was immediate, since the
contingentconditionyieldedhigh ratings and the noncon
tingent condition low ratings. The ratings decreased with
increasing delay in the contingent conditions, whereasthis
factor had littleeffecton judgmentswhen keypressing did
not affect the outcome. An overall analysisrevealeda sig
nificant effect of contingency [F(1, ll) = 74.10, MSe =
478.0], but not of delay [F(2,22) = 3.05, MSe = 402.4],
and a significant contingency x delay interaction [F(2,22)
= 9.89, MSe = 374.2]. Separate preplanned orthogonal
comparisons revealed that the contingent condition yielded
significantly higher judgments than did the correspond
ing noncontingent condition at each delay [F(1, ll) >
6.41, MSe = 79.7], in all cases. However, the ability to
discriminatethe contingency at each delay does not mean
that the subjects were insensitive to the delay in the con
tingent condition. Separate one-way analyses revealed a
significant effect of delay in the contingent conditions
[F(2,22) = 7.14, MSe = 641.3], but not in the noncon
tingent conditions [F(2,22) = 2.60, MSe = 135.3J.

The rate of keypressing in the performance group
showedessentially the same pattern as that seen for judg-
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lays can then be determined by comparing performance
on the contingent schedule with that under the yoked, non
contingent condition. Williams reported that a delay of
3 sec or more produced rates that were only marginally
higher than those of the noncontingent controls.

We have already reported that human causality judg
ments showed a similar sensitivity to outcome delay in
the free-operant task employed in Experiment 1. Shanks.
Pearson, and Dickinson (1989) found that in judging the
causal effectiveness of an action, subjects discriminated
significantly between the contingent and noncontingent
conditions with delays of 0 and 2 sec, but not with de
lays of 4 sec or more. What remains unknown, however,
is whether human performance would show a compara
ble sensitivity to temporal contiguity.

In Experiment 2, two groups of subjects were given the
opportunity to press a key that was associated with the
outcome on either contingentscheduleswith outcomede
lays of 0, 2, and 4 sec or on yoked, noncontingent sched
ules. Afterexperiencing each condition, one group of sub
jects wasaskedto rate the causaleffectiveness of the action
on the immediately preceding schedule. By contrast, the
second performance group was not required to make a
causaljudgmentbut simplyto maximize their pointsscore
under a payoff schedule similar to that used in Experi
ment I. The intentional theoryanticipates thatcausal judg
mentsand performance should show a comparable sensi
tivity to variations in action-outcome contiguity.

Results and Discussion
The top panel of Figure 2 displays the mean number

of keypresses per minute in the various conditions emit
ted by the performance group, whereas the mean ratings
of the causaleffectiveness of keypressing by the judgment
group are illustrated in the bottompanel.The performance
and judgment data were analyzed separately.

Method
Subjects and Apparatus. The subjects were a further 24 mem

bers of the APU subject panel. and the apparatus was the same as
that employed in Experiment I.

Procedure. The instructions given to the subjects were the same
as those presented in Experiment I. except that they indicated that
there would be six 2-min problems. For the 12 subjects in the judg
ment group, the task was to rate the effectiveness of keypressing
the space bar in causing the outcome. whereas the remaining 12
subjects in the performance group were asked to maximize their
points score using the payoff schedule employed in Experiment I.

In the three contingent conditions. every press was recorded and
set up the outcome with probability 0.75. Outcomes were never
set up in the absence of a response. What differed across the con
ditions was the delay between the action and the outcome. which
was O. 2, or 4 sec. Each contingent condition was followed by its
noncontingent, control condition. In these conditions. the temporal
pattern of outcomes that had been delivered in the immediately
preceding contingent condition was played back to each subject in
dependently of the subject's responding. Presses were recorded,
but they had no programmed consequences. The three pairs of
problems were presented in a counterbalanced order across sub
jects, so that each pair occurred equally as often as the first, sec
ond, and third pairs.
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Table 1
Mean Delay (in Seconds) Between an Outcome

and the Preceding Keypress

ments. Although neither the main effect of contingency
[F(l,l1) = 4.11, MSe = 442.1], nor thatof delay [F(2,22)
= 1.27, MSe = 515.9), was significant, these two fac
tors did interact [F(2,22) = 5.30, MSe = 267.7). As in
the case of the judgments, subjects discriminated between
the contingent and noncontingent conditions under a 0
sec delay [F(1,l1) = 9.82, MSe = 73.7) by keypressing
at a high rate withcontingent outcomes, but not with non
contingent outcomes. In contrast to the judgments,
however, the rate of keypressing failed to revealdiscrimi
nation between the contingentand noncontingent condi
tions with delays of 2 and 4 sec (F < 1 in both cases).

The effects of delay cannot be explained in terms of
fortuitous differences in the probability of an outcome,
given a keypress. These probabilities in the contingent
conditions at the 0-,2-, and4-secdelayswere 0.75,0.75,
and 0.72, respectively, for thejudgmentgroup, and0.74,
0.77, and 0.71, respectively, for the performance group.
An overall analysis failed to yield significanteffects of
group (F < 1), or delay [F(2,44) = 1.66, MSe = 79.0)
on these probabilities and no significant interaction be
tween these factors (F < 1).

In a free-operant procedure, such as that employed in
the presentexperiments, the delaybetweenthe actionthat
causes the outcomeand the actual occurrence of the out
come need not correspond to the experienced delay be
tweenthe outcomeand the immediately precedingaction,
since the subject is free to keypress during the delay
period. Table 1 showsthe meandelaysbetween each out
come and the immediately preceding action, regardless
of whether this was the action that caused the outcome.
Therewasnoevidence thattheexperienced delays differed
significantly betweenthe groups. The effectof group and
all interactions involving this factor failed to reach sig
nificance in analyses of the experienced delays in both
the contingent conditions under the 2- and 4-sec delays
and the noncontingent conditions at all delays
[F(1,22) < 4.27,MSe = 11.5,andF(2,44) = 2.18,MSe

= 42.0, in all cases).
The overall similarity between the patternof judgments

and performance across variations in outcome delay ob
viouslyaccords with the generalpredictionof intentional
theory. We did, however, detect one apparent dissocia
tion. Although increasing the delay produced a decline
in causal ratings, the subjects were still capable of de
tecting the presence of an action-outcome relationship
with delays of 2 and 4 sec. By contrast, the instrumental

Group

Judgment
Contingent
Noncontingent

Performance
Contingent
Noncontingent

Osee

9.65

16.79

Delay Condition

2 sec

1.69
5.18

1.61
9.99

4 sec

2.33
8.95

2.65
8.45

relationship had no significant effect on performance at
these delays. Note that this is opposite to the usual find
ing in implicitlearningexperiments, since here the judg
ments, not the subjects' performance, is the more sensi
tive measure.

A reason for this dissociation might lie in the differing
task demands faced by the two groups. It is possible that
the performance subjects, in fulfilling the task demand
of maximizing their points score, generated a performance
profile that did not allowthem to detect a causal relation
ship under delayed outcomes. We have already seen in
the first study that the differing task demandsof the per
formance and judgment conditions can lead to different
performance profiles.

It is unlikely, however, that this account explains the
dissociation observed in the presentstudybecause the two
groups exhibited similar levels of keypressing under the
various conditions. Delaysof 0, 2, and 4 sec in the judg
ment group producedmean rates of 48.2,21.1, and 22.8
presses per minute, respectively, in the contingent con
ditions and of 21.7, 22.0, and 17.6 presses per minute,
respectively, in the noncontingent conditions. In an overall
analysis in which the rates of keypressing in the two
groups were compared, the main effect of groups
(F < 1), andall interactions of the groupfactor withthose
of contingency and delay failed to reach significance
[F(2,44) < 1.05, MSe = 175.2), in all cases. An anal
ysisof the rate of keypressing in thejudgment groupalone
revealed a significant effect of delay [F(2,22) = 24.03,
MSe = 65.9), an effectof contingency [F(1, 11) = 14.21,
MSe = 133.8), and a significantcontingency X delay in
teraction [F(2,22) = 14.99,MSe = 82.7). Individual com
parisonsattributed theseeffectsto a significant difference
between the contingent and noncontingent conditions only
at the O-sec delay [F(I,ll) = 31.50).

We doubt,however, thatthedissociation between causal
ratings and performance under 2- and 4-sec delays con
stitutes a seriousembarassment for an intentional account,
given the actual payoff schedule for the performance
group under which each press cost 1 point and each out
come gained 3 points. Under this schedule, one can only
achieve a net gain of points by keypressing if a press in
creasesthe probability of the outcomeby more than0.33.
Thus, even if one believes that an actionhas a weakcausal
influence on an outcome, the intentional account is not
requiredto assumethat suchbeliefsare automatically ex
pressed in action. Presumably, the subjects in the judg
ment group also attached some "value" to an outcome
and were operatingunder the constraintof some implicit
payoff rule. If so, we should not anticipate that a belief
about a weak causal relationship would necessarily be
manifest in performance. The dissociation that would
cause problemsfor intentional theory wouldbe a demon
stration that performance yields discrimination between
contingent and noncontingent schedules under conditions
in which judgments do not.

Finally, the present results bear upon an interpretation
considered by Shanks et al. (1989) of the sensitivity of
causal judgments to action-outcome contiguity. They



noted that subjects asked to make causality judgments may
interpret the word "cause" in the context of the present
task and instructions to mean "is followed immediately
by" on the basis of their past experience of the immediacy
of the cause-effect relation in electronic devices such as
computers. Shanks et al. pointed out, however, that this
interpretation could not explain why causal judgments un
der the same task demands are sensitive to contingency
when the probability of an immediate outcome is kept con
stant, as in Experiment 1.

But even if we were to ignore this difficulty, the results
from the performance group of the present experiment
cannot be reconciled with the account. In applying the ac
count to the performance group, one would have to
presuppose that performance is mediated by a causal be
lief about the action, but in this case one based on the
immediacy of the outcome rather than the actual causal
efficacy of pressing the space bar. But such a belief is,
of course, not appropriate under the performance task de
mands, because the actual causal effectiveness of
keypressing is not affected by the outcome delay; sub
jects could have enhanced their points scores by keypress
ing to the same extent under all delays.

GENERAL DISCUSSION

In these experiments, we have demonstrated a general
concordance between performance of an instrumental ac
tion and judgments about the causal effectiveness of the
action in producing an outcome, across variations in two
of the major parameters of an instrumental relationship.
Such a concordance stands in contrast to the dissociations
between performance and verbal reports that have been
cited in the implicit-explicit learning literature.

The first experiment replicated the concordance ob
served by Chatlosh et al. (1985) when the instrumental
contingency was degraded by increasing the likelihood
of the outcome in the absence of a contiguous action.
However, it failed to reproduce the apparent dissociation
that Chatlosh et al. observed under noncontingent sched
ules. Although varying the outcome probability had no
significant effect on judgments and performance in our
experiment, if anything, both measures tended to increase
as outcome probability increased.

In the second experiment, it was found that delaying
the outcome reduced both performance and judgments
across a comparable temporal range. This general agree
ment between performance and judgment can be explained
in terms of an intentional theory of instrumental action,
in which it is assumed that performance is mediated by
a belief about the causal efficacy of the action in produc
ing the outcome.

Of course, the relationship between judgment and per
formance demonstrated in these experiments is only cor
relational in nature, and therefore it cannot strictly war
rant the assumption that a common process is involved
in the two measures. However, this conclusion receives
increasing support with converging evidence for the corre-
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lation. Especially compelling are concordances in cases
in which performance and judgments are not veridical,
for it is not clear why parallel processes should be sub
ject to the same illusion. Thus the comparable effects of
varying the action-outcome delay are particularly instruc
tive, because, of course, the actual causal effectiveness
of the action in augmenting the number of outcomes is
unaffected by the delay. Nonveridical performance and
judgments can also be induced by contingency manipula
tions. Both Dickinson and Charnock (1985) and Ham
mond and Weinberg (1984) found that signaling noncon
tiguous reinforcers under a noncontingent schedule
augmented the instrumental performance of rats. A cor
responding illusion of control was induced in human cau
sality judgment by Shanks (1989), using the same signal
ing operation.

It will not have escaped notice that the latter concor
dance is between animal performance and human judg
ment. Indeed, both the experiments reported in this paper
follow designs initially employed in studying instrumen
tal conditioning in animals. To the extent that similari
ties between causal judgments and performance provide
support for an intentional account, they also suggest that
such a theory can be applied to animal performance dur
ing instrumental conditioning (see Dickinson & Shanks,
1985). And, of course, Tolman's (1932) original develop
ment of intentional theory was based on anima1 rather than
human performance, a feature that is also true ofa num
ber of subsequent restatements of this position (e.g., those
of Bolles, 1972; Dickinson, 1989).

Finally, what are we to conclude about the claims made
in the implicit-explicit learning literature (e.g., Berry &
Broadbent, 1984; Hartman et al., 1989; Hayes & Broad
bent, 1988; Lewicki, 1986; Lewicki et al., 1987; Nissen
& Bullemer, 1987; Reber, 1989; Stadler, 1989; Willing
ham et al., 1989) that behavior can adapt to complex con
tingencies without subjects' being "aware" of these contin
gencies? Leaving aside the problems involved in assessing
"awareness" in such tasks (see, e.g., Brody, 1989), our
results would appear to be at variance with claims about
the status of implicit learning.

However, we do not wish to argue that the implicit
explicit distinction fails to capture any genuine feature of
human learning. It is significant that cognitive theorists
have always recognized a role for nonintentionalprocesses
in the control of behavior (Tolman, 1932, p. 3(0), a claim
that Dickinson (1989) has endorsed on the basis of studies
of the effect of goal or outcome devaluation studies. Dick
inson reports a variety of studies in which animals were
trained to press a lever for a food or liquid reinforcer.
Subsequently, they were presented with some more of the
same reinforcer (in the absence of the lever) but were poi
soned when they consumed it, and hence an aversion to
the reinforcer was established. According to the inten
tional account, when they were again given access to the
lever, the animals should have suppressed their respond
ing. Instead, Dickinson reports that in some circumstances
they continued inappropriately to press the lever. Such
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a fmding provides convincing evidence for nonintentional
factors in behavior, but this conclusion is not based on
assessments of theconcordance between cognition andac
tion. If sucha dual-process theory of action is accepted,
the interesting question becomes thatof assessing thecon
ditions that determine the relativecontributions of inten
tional andnonintentional processes to thecontrol of action.
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NOTE

1. This simpleassumptionis only reasonablefor schedules in which
the probabilityof an outcomedoes not vary with the time since the last
response or outcome. This is true of the random ratio schedules em
ployed in the present experiments.
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