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Abst r act

The relationship between inplicit nmenory and
inplicit learning is explored. D enes and Fahey
(1995) showed that learning to control a dynamc
system was nedi ated by a | ook-up table consisting of
previ ously successf ul responses to specific
situations. The experinent reported in this paper
showed t hat facilitated per formance on ol d
situations was independent of the subjects' ability
to recognize those situations as old, suggesting
that nmenory was inplicit. Furt her analyses of the
Dienes and Fahey data replicated this independence
of control performance on recognition. However,
unlike the inplicit nmenory revealed on fragnent
conpletion tasks, successful performance on the
dynamic control tasks was remarkably resilient to
nodal ity shifts. The results are discussed in terns
of nodels of inplicit learning and the nature of

inplicit menory.
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The role of inplicit nmenory in controlling a
dynam c system

Two di stinctions in t he human | ear ni ng
literature have becone very influential: I mplicit
versus explicit nmenory (e.g., Roediger & MDernott,
1993; Schacter, 1987); and inplicit versus explicit
|l earning (e.g. Berry & Dienes, 1993; Reber, 1989;
Shanks & St John, 1994). Implicit rather than
explicit nmenory is show on tasks that do not
require deliberate recollection of a past event
al t hough the event influences performance. Inplicit
rather than explicit learning is shown on tasks for
whi ch the subject learns to nake the right decision
(nore often or nore quickly) without being able to
justify the decision (Berry & Dienes, 1993). The
inability to justify is meant to indicate that
| earni ng occurs w thout concurrent awareness of what
is being |learned (Reber, 1989). The distinctions
between inplicit and explicit nenory and between
inplicit and explicit |learning are logically
or t hogonal : For exanple, subjects may renenber the
episode in which they learned to nmke a right
deci sion without being able to justify the deci sion.
The purpose of this paper is to explore the
relationship between inplicit menory and the
inplicit learning of a conplex system (Berry &

Broadbent, 1984; Dienes & Fahey, 1995). Initially,
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rel evant evidence in the inplicit nenory literature
will be described. Then, recent findings and
t heoreti cal proposals in the inplicit [|earning
literature that indicate a relationship wth
inplicit menory will be overviewed. Next, an
experinment wll be reported that explores the role
of inplicit menory in controlling a dynam c system
Finally, the data collected by D enes and Fahey
(1995) w il be re-analyzed in the same way to
establish the generality of the findings.

Previous research has determned a nunber of
characteristics of performance on inplicit rather
then explicit nenory tasks. A typical inplicit
menory task is fragnment conpletion: Subj ects first
study a list of words (e.g., AARDVARK), and are then
shown fragnents of words (e.g., _AR VA ) and the
subjects are asked to conplete the fragnent with the
first word that cones to m nd. The fragnments of
words that have rather than have not been studied
previously are nore likely to be conpleted. Thi s
| ear ni ng, or prim ng, has t wo I npor t ant
characteristics that can be used to assess its
rel evance to inplicit |earning.

First, the ability to conplete the fragnent (or
perform some other inplicit menory task) IS
stochastically independent of the ability to recall

or recognize the word (e.g., Hayman & Tul ving, 1989;
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Tul ving, 1985; Tulving & Schacter, 1990; Tul ving,
Schacter, & Stark, 1982). The interpretation of
this finding is controversial. H ntzman and Hartry
(1990) argued that the low |evel of dependence
nmerely reflects many sources of variance affecting
fragnent conpletion in addition to primng; in
contrast Tulving (e.g., Tulving & Schacter, 1990)
argued that the low |l evel of dependence reflects the
operation of distinct nenory systens underlying
inplicit and explicit menory tasks. The dispute is
as yet unresolved (see Flexser, 1991; GGardiner,
1991; Hintzman, 1991; Poldrack, 1996). One solution
to the problem of many sources of variance is to
show that the data are nonsignificantly different
from independence, and also that there was
sufficient sensitivity to detect a nmeani ngful anount
of dependence (Ostergaard, 1992; Tulving & Haynman,
1993; Ostergaard, 1994 see Appendix A). Thi s
paper will adopt this solution.

The second characteristic is that ammesics can
di splay uninpaired performance on inplicit but not
explicit menory t asks (e.qg., War ri ngt on &
Wei skrantz, 1978). This finding suggests that
inplicit nmenory may be based on a different nenory
system to explicit nenory (Roediger, 1990; Tulving,
1985; Tulving & Schacter, 1990; contrast Shanks,

1997) . Finding a nenory task that is spared in
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ammesia woul d be suggestive evidence that the task
relies on the nenory system or systens underlying
inplicit menory tasks generally.

Tur ni ng now to t he inplicit | ear ni ng
literature, one key paradigm is the control of
conplex systens (e.g., Berry & Broadbent, 1984,
1987, 1988); other key paradigns are artificial
grammar learning (e.g., Reber, 1989) and sequenti al
reaction time tasks (e.g., WIlingham N ssen, &
Bul | ener, 1989). In the "dynamic control tasks"
used by Berry and Broadbent, the subject controls
the level of one variable (e.g., their friendliness
towards a conputer personality) in order to reach
target values on another variable (e.g., t he
conputer personality's friendliness to the subject).
Subj ects acquire consi derabl e know edge about how to
control such systens, as indicated by their
progressive ability to reach and mnmmintain target
val ues. This knowl edge appears to be inplicit
because subjects find it difficult to describe how
to reach and mintain target values (Stanley,
Mat hews, Buss, & Kotl er-Cope, 1989). Stanl ey et al
(1989) asked subjects after every 10 trial block to
give conplete instructions on how to perform the
task. The informativeness of these instructions was
assessed by the perfornmance of yoked subjects asked

to follow the transcribed instructions. Stanl ey et
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al denonstrated that sudden i nprovenent s in
performance by the original | earners were not
associated wth sinultaneous increases in the
informativeness of the instructions. In fact,

i nstructions hel ped the performance of yoked
subjects only if the instructions were taken at
| east four bl ocks after the i nprovenent in
per f or mance. Note that there are other types of
task for which the instructions given by subjects
imediately and conpletely account for their
performance (e.g., Mthews, Buss, Chinn, & Stanl ey,
1988; Schwartz, 1966).

Recent theoretical views on inplicit |earning
suggest a relationship with inplicit nenory. Bot h
Broadbent, Fitzgerald, and Broadbent (1986) and
Stanley et al. (1989) argued for a nechanism for the
inplicit learning of the control tasks that could
rely on inplicit nenory. They suggested that
whereas explicit know edge is based on a nental
nodel of the system inplicit know edge is based on
menory for specific events related to the control
t ask. This nenory-based view of inplicit |earning
is consistent with theoretical proposals in other
domains of inplicit learning (see, e.g., Brooks,
1978; Cho & Mathews, 1996; Neal & Hesketh, 1997,
Perruchet, 1994; Vokey & Brooks, 1992; Wittlesea &

Dor ken, 1993), but the 1issue has aroused sone
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controversy (e.g. Reber, 1967, 1989). At stake is
the question of how sophisticated unconscious
processing is. Reber argued that inplicit |earning
results in an abstract know edge base that goes well
beyond storage of specific exenplars. C eeremans
(1993) showed how the successful conput at i onal
nodels of inplicit learning of sequential reaction
time tasks could produce know edge that lay along a
conti nuum of abstract ness dependi ng on task
conditions: in this case, the mechani sm underlying
inplicit learning tasks can go beyond nenories for
instances but it falls short of fornulating explicit
rul es. Fol |l owi ng Broadbent et al, we have argued
(Dienes and Fahey, 1995) that, for the dynamc
control tasks, one does not need to postulate a
mechani sm any nore conplicated than nenory for
specific events.

Broadbent et al. (1986) suggested that in
|l earning a dynamic control task a subject could
construct a "look-up table" which would determne
the appropriate action by mtching the current
situation to the nost simlar of the entries already
in the table. Usi ng nethodol ogy introduced by
Mar escaux, Luc, and Karnas (1989), Dienes and Fahey
(1995) tested and confirmed several predictions of
the | ook-up table approach in two experinents. I n

Experiment 1, subjects were trained on a sinulated
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sugar production factory, in which they manipul ated
the level of work force in order to reach target
values of sugar production. After training,
subjects were given a specific situation task in
which the subject was presented wth hypothetical
situations (e.g., "if you had just enployed 400
workers and if the sugar production was then 8000
tons, what should you do next to bring the sugar
production to target?"). Some of the situations
were new (i.e. the subject had not experienced them
in the training phase). Sone of the situations were
old (i.e. the subject had experienced the situation
in training) and the subject had given a correct
response to them (i.e. a response that lead to
target or closeby) or an incorrect response; these
old situations were called 'correct situations' and
"incorrect situations', respectively. (Note that
calling a situation correct refers to whether the
response given in the context of the situation was
correct in the training phase, not to whether the
situation contained the target as a feature.)
Crucially, subjects' experience in controlling a
dynam c system did not allow subjects to perform
above chance on new situations; their know edge
seened only to apply to old correct situations.
Further, subjects tended to give the sanme response

to old correct situations as they had given
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originally; the tendency to give the sane response
to old incorrect situations was snaller. These
results were replicated in Experinment 2 wth a
per son i nteraction t ask in whi ch subj ects
mani pul at ed t he friendliness of a conput er
personality. Further, detailed aspects of subjects

performance in both experinments could be fitted with
a one-paraneter conputational nodel of a |ook-up
tabl e (Logan, 1988).

G ven that control of these tasks appears to be
nmedi ated by nenory of specific instances, one can
ask whether the nenory is the sort that typically
underlies performance on explicit nmenory tasks or if
it is of the sort that wunderlies performance on
inplicit nmenory tasks. Evidence consistent with the
|atter alternative was provided by Squire and
Franbach (1990): They found that ammesics were not
initially inmpaired on the dynamic control tasks,
just as Warrington and Wiskrantz (1978), for
exanple, found that amesics were not inpaired on
inplicit menory tasks. More direct evidence for
nor nmal subjects can be provided by the data
collected by Dienes and Fahey (1995). They
presented subjects with a recognition test on the
sane situations that had been used on the specific
situations task, allowng a test of stochastic

i ndependence between recognition and performnce on
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the specific situations task. D enes and Fahey did
not test the relation between recognition and
control performance: This paper will do so. First a
new experinment wll be described that tests the
relation bet ween recognition and contro
performance, and then a reanalysis of the D enes and
Fahey data will be reported. If there is a |ook-up
table based on explicit conscious recollection of
previous situations, there should be a dependence
bet ween performance on the specific situations task
and recognition of the situation as old; if it's
based on inplicit nenory there should be no
dependence.

The dependency of the subjects' tendency to
respond correctly to a given situation on explicit
menory for that situation is inmportant in assessing
whet her the control tasks are | earned unconsciously.
If correct responding is dependent on the subjects
ability to recall the previously successful episode,
and subjects could justify their responding in terns
of the episodic nenory, the claim for wunconscious
| earning (Hayes & Broadbent, 1988; Stanley et al.,
1989; contrast Sanderson, 1989; Shanks & St John,
1994) woul d need reconsi dering.

Experinment 1
In Experinment 1 subjects were trained on the

sugar production factory task and then presented
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wth specific situations from the training phase.
Each subject was asked to both give a contro

response to the situation (specific situations task)
and to indicate whether they recognized the
situation as old or not (recognition task). The
primary aim of the experinent is to assess whether
the |ook-up table used by subjects in controlling
the sugar production task was based on inplicit
menory. This was achieved by assessing (1) the
degree by which the tasks differed from stochastic
i ndependence; and (2) the degree to which the tasks
differed from a plausible nodel of dependence (the
Ostergaard, 1992, nodel, described in the results
section below and in nore detail in Appendix A and
al so endorsed by Pol drack, 1996).

In order to conclude that subjects used an
inplicit |ook-up table, the followng three points
need to be established:

A. Subjects learnt the task by acquiring sinply a
| ook-up table. D enes and Fahey (1995) provided the
evidence for this claim

B. The tasks do not differ significantly from
stochasti c i ndependence.

C. The tasks do differ significantly from the node
of dependence.

This paper wll attenpt to establish the

validity of points B and C. |If B is established but
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not C (i.e. the tasks do not differ significantly
from either stochastic independence or from the
nodel of dependence) then the data are consistent
wWth subjects wusing either an inplicit or an
explicit |ook-up table, or some conbination of the
t wo. If the data are significantly different from
i ndependence but not significantly different from
the nodel of dependence then the data suggest
subjects are using an explicit | ook-up table.

Met hod

Subj ects. The subjects were 20 paid vol unteers aged
bet ween

18 and 35 from the Sussex University subj ect
panel .

The task. Subjects in Experinment 1 were trained on
the sugar production task introduced by Berry and
Br oadbent (1984). Subjects were asked to inmagine
they were in charge of a sugar production factory.
They were told they could change the anmpbunt of sugar
produced by changing the size of the work force

Their goal was to achieve and maintain a target
sugar output of 9,000 tons. The starting work force
was 600 workers and starting |level of sugar output
was 6,000 tons. On each trial, subjects entered a
nunber between 1 and 12 on the conputer keyboard to
represent the nunber of hundreds of workers they

wi shed to enploy on that trial. The level of sugar
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production on trial n was determ ned by the equation
Ph = 2*W - Ph.1 + N, where Py is the nunber of
t housands of tons of sugar output on trial n, Wis
the nunber of hundreds of workers enployed by the
subject, and N is noise (N could be -1, 0, or +1
with equal probability). If the equation resulted
in a sugar output of less than 1,000 tons, the
output was sinply set at 1,000 tons; simlarly, if
the equation resulted in an output of greater than
12,000 tons, it was set at 12,000 tons. Subj ect s
were aware of these |lower and upper limts. Because
of the noise, N, in the equation, subj ect s’
responses were counted as correct if they resulted
in an output on target or one |level off.

Optimal performance on this task requires the
subject to take account of the current |evel of
sugar production. In fact, W,4q should be exactly
hal fway between Pn and target in order to reach the
target on the next trial.

Procedure. All subjects were trained for two bl ocks
of 40 trials of the sugar production factory. Each
bl ock started with a sugar production of 6,000 tons
and a work force of 600 workers. On each trial,
subjects saw a graph indicating the I|evel of
performance on all previous trials of that set. A
horizontal Iline indicated the target performance.

In addition, witten informati on about the |evel of
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work force and the | evel of sugar production for the
|l ast trial was presented above the graph (see Figure

1)

The conmputer kept a record of all situations
the subject cane across. A situation was defined as
the current | evel of sugar production. The
situations were tabulated into those for which the
subject entered a workforce that resulted in the
target sugar output or only one level off (loosely

correct situations), and those that were foll owed by

an output nore than one level fromtarget (incorrect

si tuations). Note that calling a situation correct

refers to whether the response given in the context
of the situation was correct, not to whether the
situation contained the target as a feature.

Next subj ects wer e exposed to specific
situations on the conputer and performed either the

specific situations task introduced by Marescaux et

al (1989) or a recognition task. In both tasks

subjects were presented with a Ilevel of sugar
production: The statenent 'The current |evel of
sugar production is X tons' appeared in the centre
of the screen in an identical way for both tasks.

All 12 levels of sugar production were presented in
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a different random order for each task. In the
specific situations task, subjects were told to
enter the level of work force they thought would
achieve or mintain the target |evel of output,
based on their previous experience of controlling
the factory. The sane target l|level was used as in
the training phase. Subjects were told that after
each situation, the next situation to be shown woul d
be wunrelated to the work force they had just
ent er ed,; it would sinply be another possible
situation, and thus, they would get no feedback on
how successful they were being. In the recognition
task, subjects were told that sone of the situations
w Il have been ones they cane across in their first
t ask. Subj ects responded "old" or "new' to each
situation depending on whether they could renenber
seeing it in the training phase. The specific
situations and recognition tasks were presented in
count er bal anced order.
Resul ts

Order had no effect on any neasure (ps > .20),
i ncl udi ng t he measur es of dependence and
i ndependence, so this factor will not be discussed
further. Not all subjects produced data for which
all dependent variables could be calculated (for
exanple, if the subject had experienced all |levels

of sugar production in the |learning phase there
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woul d be no new situations in the |ater phases, and
so the Ostergaard (1992) neasure could not be
calculated for that subject), and so the degrees of
freedom of the subsequent anal yses vary slightly as
a consequence.

Lear ni ng. The nunber of trials that were |oosely
correct inproved from the first block of trials
(8.2, SD = 4.9) to the second block of trials (13.0,

SD = 7.5), t(19) = 2.85, p = .01

Specific situations task. Reliable primng was
obt ai ned: Subj ects perforned better on old |evels
of sugar production (.26, SD = .20) rather than on

new |l evels (.07, SD = .27), WIlcoxon p = .03.

Recogni ti on. Mean recognition (64% SD = 26% was

significantly above chance, t(19) = 2.46, p = .02.

St ochastic dependence. The contingency table for

the specific situations and recognition tasks 1is
shown in table 1. The entries were summed over al

subj ects and correct situations. The proportion of
situations expected to be both correctly recognized
and correctly responded to on the specific
situations task based on assuned independence
bet ween the tasks was separately cal cul ated for each
subj ect . The di fference bet ween t he actua

proportion and that expected on the basis of
i ndependence was, averaged over subjects, .001 (SD

= .062), which is non-significantly different from
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zero, t < 1, analysing over subjects. That is,
there was no evidence that giving a correct response
to a situation in the specific situations task
depended on recogni zing the situation.

A null result is only conpelling to the extent
that the data were sensitive enough to detect a
reasonable effect size. Appendi x A describes a
nodel based on Ostergaard (1992) that can be used to
estimate the anobunt of dependence expected if
| earning consisted of a |ook-up table based on
explicit nmenory. The logic of the nodel is as
follows. Subjects can to sonme extent give correct
answers to each task (specific situations task and
recognition task) not because they have learnt to
respond to specific situations but because of the
pre-existing strategies they bring to the task or
because they sinply guess. These additional sources
of variance increase the expected anpunt of
i ndependence between the tasks; it is only to the
extent that l|earning has occurred that dependence
can energe between the tasks. To take into account
t hese additional sources of variance, the proportion
of correct responses on new sSituations was
subtracted from the proportion of correct responses
on old situations to estimate the 'study effect' of
each task; i.e. the effect that exposure to

situations has on ability to perform the task above
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and beyond what subjects can do without learning. It
was assuned that subjects could recognize all the
situations that contributed to the study effect of
the specific situations task (this is the assunption
of an explicit |ook-up table); thus the proportion
of situations that subjects perfornmed correctly on
both tasks will be the study effect for the specific
situations task, plus an additional conmponent due to
correct performance on both tasks for independent
reasons. Thus, if the study effect for the specific
situations task were zero, the Ostergaard (1992)
nodel woul d nake the sanme prediction as the nodel of
i ndependence. As nore learning occurs on the
specific situations task, the nore the Ostergaard
(1992) nodel departs from the nodel of independence.
For nore explanation see Appendix A The difference
between the actual proportion correct on both tasks
and that expected on the basis of Ostergaard's nodel
of dependence was, averaged over subjects, -.11 (SD
= .15), t(13) = 2.74, p = .017. That is, the
dependence between the tasks was |ess than woul d be
expected if correct performance on the specific
situations task was based on recognition of the sane
situations (see Appendix B for a further analysis
showi ng the robustness of this result). One neasure
of the effect size of the difference of subjects’

data from the nodel of dependence is Cohen's (1988)
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d, defined as the nmean difference divided by the

standard deviation, i.e. .11/.15 0.73, close to

what Cohen calls a large effect (d = 0.80).

The key result of Experinment 1 was that
performance on the specific situations task did not
depend on the subjects' ability to recognize old
situations as old. The analysis of Experinent 2 of
D enes and Fahey (1995), presented next, tests the
generality of this finding.2

Experinent 2 of Di enes and Fahey (1995)

Experinent 1 used a sinmulated sugar production
factory as the control task. Another commonly used
task is the person interaction task. Berry and
Broadbent (1988) and Hayes and Broadbent (1988)
enpl oyed two versions of a person interaction task
that they <clained were learned in distinctive
inplicit and explicit nodes. Experiment 2 reported
by Di enes and Fahey (1995) enpl oyed both versions of
the person interaction task. The maj or purpose of
this analysis of Experinment 2 was to determne the
relationship between recognition and performnce on
the specific situations task for the two versions of
the person interaction task.

A secondary aim of this analysis of Experinent
2 was to determne if there was any effect of
nodality shift on control task performance. One of

the characteristics of inplicit rather than explicit
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menory is its frequent sensitivity to changes in
surface features, and 1in particular to shifts
between the auditory and visual nodalities (e.g.
Bassili, Smth, & MiclLeod, 1989; Berry, Banbury, &
Henry, 1997; Roediger & Blaxton, 1987). D enes and
Berry (1997) also argued that the know edge acquired
in a nunber of inplicit learning paradigns is
inflexible and perceptually bound. For exanple, in
the artificial grammar |earning paradigm subjects
trained on colour patches show a decrenent in
performance when tested on colour nanes, and vice
versa (Dienes & Altmann, 1997). Berry and Broadbent
(1988) found there was no transfer between two
control tasks with the sane underlying equation when
the cover story changed (e.g. from being a transport
task to a person interaction task), even when
subjects were informed of the critical relationship
bet ween t he tasks.

Schacter (1990) presented one interpretation of
the finding of nodality specificity in inplicit
menory tasks. According to Schacter, performance on
inplicit nmenory tasks is nediated by a set of

nodul ar perceptual representation systens (PRSs)

t hat process information about the form and
structure of obj ects but do not r epr esent
associ ative information about them Different types

of objects have their own PRS; for exanple, there is
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a word form system underlying performance on
fragnent conpletion, and a structural description
system underlying the form processing of conmon
vi sual obj ects. According to Schacter, primng on
many inplicit menory t asks reflects t he
establishment of highly specific representations
W t hin an appropriate PRS, it IS t hese

representations that wunderlie the sensitivity of

primng to nodality shifts. However, not all
inplicit tasks rely on a PRS. For exanple, in
concept ual prim ng, after st udyi ng t he wor d

"limerick', subjects may be given a conceptual cue
("What nane is given to a lighthearted five line
poenf' ). The primng obtained in this paradigmis
stochastically independent of recognition but also
insensitive to nodality shifts (Challis, Chiu, Kerr,
Law, Schneider, and Yonelinas, 1993). Primng on
such tasks may be due to associative |links being
formed in a semantic nenory system and not in a
PRS. Variability in performance on the dynamc
control tasks is not a neasure of variability in the
subj ect's perception of the structure of any type of
obj ect. Perceiving the situation is trivial in the
dynamic control tasks; the problem is purely in
| earning the right response to a given situation,
that is, in learning the associative links. Thus,

Schacter's (1990) nodel does not predict any effect
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of nodality shift for the dynamc control tasks, in
contrast to some other inplicit tasks (e.g. Servan-
Schrei ber & Anderson, 1990, regarded learning in the
artificial grammar |earning paradigm as an exanple
of perceptual | earning). The current reanalysis of
Experinent 2 tested whether know edge acquired about
the person interaction tasks behaved Ilike stem
conpl etion and artificial gr anmar | ear ni ng
(perceptually bound) or |ike conceptual primng (not
perceptual |y bound).
Vet hod

In Experinment 2 of D enes and Fahey (1995),
each of 48 subjects was randomy allocated to one of
the cells of a 2 X 2 X 2 (Person [Person S vs
Person U by learning nodality [visual vs auditory]
by testing nodality [visual vs auditory]) between
subj ects design. Equal nunbers of subjects were
allocated to each of the cells. Subjects were told
that they would be neeting a conputer person called
Ellis, and that they could comunicate their |eve
of friendliness to Ellis through the keyboard.
Ellis would respond with how friendly he is to the
subject. The aimof subjects was to nove Ellis to a
target value of friendliness and keep him there.
Friendliness varied along a 12 point scale: Very

Rude, Rude, Very Cool, Cool, Indifferent, Polite,
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Very Polite, Friendly, Very Friendly, Affectionate,
Very Affectionate, and Loving.

Berry and Broadbent (1988) and Hayes and
Br oadbent (1988) enpl oyed t wo equat i ons for
controlling Ellis" behaviour, a "salient" equation
and a "nonsalient" equation. The salient equation
was En = Sy - 2 + N, where E, is a nunber between 1
and 12 representing Ellis' behaviour on the 12 point
scale on trial n, S, is the subject's behaviour on
the 12 point scale on that trial, and N is noise (-
1, 0, or +1 with equiprobability). The nonsal i ent
equation was E, = Shp.1 - 2 + N Because of the
noi se, a response of Ellis up to one off target was
counted as correct. Hayes and Broadbent (1988)
called the personality controlled by the salient
equation "Person S and that controlled by
nonsal i ent equation "Person U'. Note that for the
nonsal i ent equation Ellis' behaviour depends not on
how t he subject just responded on that trial, but on
how the subject responded one trial back. The
target in Experinent 2 was Polite for both Person S
and Person U, and so the optimal strategy when
interacting with either would be to always enter
Friendly.

In the | earning phase, subjects interacted with
Ellis for one block of 30 trials for Person S and

one block of 50 trials for Person U Subjects in
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the visual learning condition saw two bar charts,
one representing Ellis'" behaviour on the previous
trial, and the other their behaviour on the previous
trial. A horizontal line in Ellis' chart indicated
the target behaviour (Polite). The bars noved up
and down according to Ellis" and the subject's
respective behaviours (see Figure 1). Subjects in
the auditory learning condition did not see the
conputer screen. The experinenter sinply said "Your
behavi our was X; Ellis' behaviour was X'. The scale
of possible behaviours was placed in front of the
subjects to remnd them Al subjects entered their
response by typing in the corresponding initials
(e.g., VA for Very Affectionate). The conputer kept
a record of all situations the subject canme across.
A situation was defined as what the subject could
see, i.e. the current level of Ellis" behaviour and
the subject's behaviour on the last trial.

Next subj ects wer e exposed to specific
situations and perfornmed either the specific

situations task or the recognition task on the

conputer. In the specific situations task, subjects
were shown possible situations consisting of ElIlis'
and the subject's behaviours on the preceding trial.
Subjects in the visual testing condition saw the
informati on di splayed as bar charts; subjects in the

auditory testing condition heard the experinmenter
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read the information out. Subj ects were told to
enter the behaviour they thought would achieve or
maintain the target |level of Ellis" behaviour, based
on their previous experience interacting with Ellis.
The target level was the sane as wused in the
training phase. Subjects were told that after each
situation, the next situation to be shown would be
unrelated to the behaviour they had just entered; it
would sinply be another possible situation, and
thus, they would get no feedback on how successful
t hey were being. In the recognition task, subjects
were told that half the situations will have been
ones they cane across in their first task, and half
woul d be new situations. Subj ects responded "ol d"
or "new' to each situation. The old situations for
both tasks were all situations experienced in the
training trials.

The specific situations and recognition tasks
were run in counterbal anced order using the design
enpl oyed by Tulving, Schacter, and Stark (1982).
Speci fically, for each subject, the conputer
randomy generated a nunber of new situations equal
to the nunber of old (i.e. half the situations were
not "study prinmed" - the new situations - and half
were study prined - the old situations). Hal f of
the new situations and half of the old situations

were randomy assigned to one stimuli set (set A,
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the other half to set B. Half the subjects were
run, first, on the specific situations task with set
A stimuli; then the recognition task with sets A and
B; and finally, the situations task with set B. The
other half of the subjects were run on, first, the
recognition task wth set A stimuli; then the
specific situations task with sets A and B; and
finally, the recognition task with set B. (Sets A
and B constituted different situations for different
subj ects.)
Results

Lear ni ng. Subjects were scored for the nunber of
trials correct in the first set of 10 trials and in
the last set of 10 trials. A 2 X 2 X 2 X 2 (Block
[first set of 10 trials vs last set of 10 trials] by
Person [Person S vs Person U by learning nodality
[visual vs auditory] by testing nodality [visual vs
auditory]) analysis of variance on the nunber of
trials correct indicated a significant effect of
person, F(1,40) = 10.47, p < .005, and of block,
F(1,38) = 14.29, p = .0005. That is, subjects
scored nore trials correct for Person S (6.5) than
for Person U (4.9). Also, subjects perforned better
on the second block (6.5) rather than the first
(5.0). The interaction of block with person was not
significant, p > .10. The inprovenment from the

first to the second block was 1.3 for Person U
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(t(23) = 2.65, p < .05 and 1.7 (t(23) = 2.92, p <

.01) for Person S. Specific Situations Task. A

response was scored as correct on the specific
situations task if it would lead to target, or at
nost one level off, at least two thirds of the tine.
A2 X2 X2 X 2 (person [Person S vs Person U by
| earning nodality [visual vs auditory] by testing
nodal ity [visual vs auditory] by primng [old versus
new]) m xed nodel analysis of variance on proportion
of correct responses indicated a significant effect
for person, F(1,40) = 13.62, p < .001, and primng,
F(1,40) = 50.62, p < .0001. That is, subjects
performed better with Person S (62% rather than
Person U (43%. Al so, subjects perfornmed better on
situations which they had (63% rather than had not
seen before (41% in the person interaction task.

An inportant result is that a <change in
nodality between l|learning and testing had no effect
on performance. Table 2 shows the neans for Persons
S and U for subjects in the sane and different
nodalities. In fact, subjects perfornmed nunerically
better in the different rather than the sane
nodality for both Persons S and U. Could the
experinment have suffered from a l|lack of power to
detect the effect? 1In the case of inplicit nenory
as revealed by stem conpletion, Bassili et al.

(1989) found that primng reduced from 32% in the
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sane nodality groups to 20% in the different
nodal ity groups (averaged across their experinents
one and two); i.e., a proportional reduction of 37%
Brown, Neblett, Jones, & Mtchell (1991) reviewed
the effect of nodality shift on inplicit menory in
10 other studies, and in all cases the proportional
reduction was greater than 37% (their own study was
an exception). The power of the current experinent
to detect a proportional reduction in performance of
37% in both Persons S and U was greater than .99;
the power to detect such a reduction in Person U
alone was .89; and the power to detect an
interaction in which the drop occurs for Person U
but not Person S was . 65.

Recogni ti on. Overall recognition performance was

74% significantly greater than chance, t(40) =
16.32, p < .0001. A 2 X 2 X 2 (person [Person S vs
Person U by learning nodality [visual vs auditory]
by testing nodality [visual vs auditory]) analysis
of variance indicated a significant effect of
person, F(1,40) = 6.33, p < .05 That is, subjects
had a greater recognition performance with Person S
(789% rather than Person U (70% .

St ochasti c Dependence. The contingency table for

the specific situations and recognition tasks 1is
shown in table 3 for Persons S and U. The entries

wer e sunmed over al | subj ects and correct
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si tuations. The proportion of situations expected
to be both correctly recognized and correctly
responded to on the specific situations task based
on assuned independence between the tasks was
separately cal cul at ed for each subj ect . The
difference between the actual proportion and that
expected on the basis of independence was, averaged
over subjects, -.00, for Person U and +.01 for
Person S, both non-significantly different from
zero, ts < 1, analysing over subjects. That is,
there was no evidence that giving a correct response
to a situation in the specific situations task
depended on recogni zing the situation.

The difference between the actual proportion

correct on both tasks and that expected on the basis

of Ostergaard's nodel of dependence was, averaged

over subjects, -.10, t(20) = 3.48, p < .01, d =
0.76, for Person U, and -.09, t(23) = 4.65 p <
.001, d = 0.95 for Person S That is, the

dependence between the tasks was |ess than woul d be
expected if correct performance on the specific
situations task was based on recognition of the
situations (see Appendix B for further analyses
showi ng the robustness of this result for Person U).

Di scussi on

The ains of this analysis of Experinent 2 of

D enes and Fahey (1995) were, first, to determ ne
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the relationship between recognition and performance
on the specific situations task, and, second, to
determ ne whether the dynamic control tasks are
sensitive to nodality shifts. In terns of the first
aim the results indicated that subjects’ ability to
respond to a situation in the specific situations
task did not depend on their ability to recognize
that situation as old, for both Persons S and U. In
the case of Person U, D enes and Fahey provided
evi dence t hat subj ect s | ear ned by storing
appropriate responses to specific situations:
subjects' did not perform at above baseline |evels
on new situations and further details of subjects’
performance could be fit by a one-paraneter | ook-up
tabl e nodel .3 The anount of dependence was | ess
t han t hat predi ct ed by Ost er gaar ds' nodel
suggesti ng t hat per f or mance on t he specific
situations task was based on inplicit nenory.

Person S also showed independence between task
performance and recognition. Dienes and Fahey
(1995) provided evidence that subjects |earnt Person
S (unlike Person U by inducing rules that
general i ze beyond specific situations; specifically,
D enes and Fahey showed that subjects could perform
wel | on new situations and t hat subj ects
performance could be fit well by a rul e-based nodel

Once a subject has learnt a rule, there is no reason
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to suppose that its successful application depends
on recognition of old situations. Thus, the |lack of
dependence in the case of Person S does not indicate
that subjects acquired an inplicit | ook-up table.

The results showed that a nodality shift (from
visual to auditory presentation or vice versa) had
no influence on either Person U or Person S4. I n
terme of Schacter's (1990) nodel, this result
suggests that variability in inplicit |earning on
the person interaction task does not reflect
variability in the perceptual representation systens
underlying performance on standard inplicit nenory
tasks. Rather learning the person interaction tasks
involves formng associative links between easily
perceived situations and appropriate responses.
Berry (1991) did find a remarkable inflexibility in
transfer of subjects' know edge of this link from
situations to responses: Subjects could not transfer
their know edge gained in the context of making a
verbal response on a dynamc control task to nake a
typing response. Furt her, Roedi ger (1990) and
Tulving and Schacter (1990) argued that inplicit
tasks are often sensitive to nodality shifts not by
virtue of their inplicitness but because they
predom nantly i nvol ve per cept ual processes.
According to Tulving and Schacter, inplicit primng

effects can occur on conceptual tasks that do not
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involve changes in a perceptual representation
system but nodifications to semantic nenory. For
exanpl e, both normals and ammesics show primng in a
task in which subjects are given the nane of a
category and are asked to produce the first instance
that cones to mnd. Although the know edge acquired
in learning to control a conplex system nmay be
inflexible over sone surface changes (e.g. the
change in cover story used by Berry and Broadbent,
1988; the change in response requirenments used by
Berry, 1991), it nmay be | ess perceptually bound than
the know edge acquired in artificial gr anmar
| earni ng tasks (Di enes & Al tmann, 1997).
Di scussi on

This  paper has reported data from two
experinments show ng that, when controlling a dynamc
system (the sugar production factory and person U,
being able to respond successfully to specific
situations does not depend on recol l ective
experience. Rather, the subject appears to know the
correct response because of inplicitly fornmed
associations: inplicit learning in these cases is
based on inplicit nenory.

The conclusion that inplicit learning is based
on inplicit nmenory, depends on the claim that
subj ects used al nost exclusively a |look-up table in

controlling the sugar production factory and person
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U |If subjects used abstract rules then there is no
reason why performance on the specific situations
task should be dependent on performance on the
recognition task. D enes and Fahey (1995) argued
that control of the sugar production task and of
person U was indeed based alnost exclusively on a
| ook-up table for the anmpbunt of training used in the
experinments reported in this paper. Speci fically,
Di enes and Fahey found that subjects perforned at
baseline levels on new situations; and they also
showed that a one-paraneter |ook-up table nodel
could sinulate levels of performance, subjects
consistency of responding in different situations,
and rate of | earning.

Nosof sky (1988, 1991) showed that previous
appar ent di ssoci ations between recognition and
classification performance were perfectly consistent
with one nenory system wunderlying both tasks.
Specifically, he showed that if <classification is
based on the relative simlarity of the test
exenplar to stored exenplars in the different
categories, and recognition is based on the total
simlarity of the test exenplar to all stored
exenplars, there can be a zero correlation between
recognition and classification perfornmance. Thi s
di ssociation resulted from the different decision

rules for recognition and classification: that is,
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total conpared to relative simlarity. Coul d there
be a simlar explanation for the dissociation
between recognition and dynamc control t ask
performance found in this paper? Di enes and Fahey
(1995) argued that learning to respond appropriately
in a specific situation involves renenbering that
specific situation, or a very simlar one. Menory
for a specific situation is what the recognition
test was supposed to directly neasure. But it may
be that subj ect s, when making a recognition
judgenent, relied on sone overall simlarity of the
test situation to all training situations. To test
this possibility in Experinent 1, the simlarity was
conput ed between each to-be-recogni zed situation and
each training situation. O course, any test
depends on a nodel of how simlarity is conmputed and
used by subjects. Initially, for sinplicity,
simlarity was neasured on a linear scale that
vari ed between 1 and 12:
Simlarity = 12 - |sugar production in test
situation - sugar production in training situation|.
For each test situation, simlarity was sumred
over all training situations. For each subject,
test situations were grouped into those that
contributed to hits and those that contributed to
msses on the recognition test; simlarity was

averaged separately for hits and m sses. | f
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simlarity determned recognition judgenents, then
it should be higher for hits than for m sses.
I ndeed, the nean simlarity was 675 (SD = 40) for
hits and 623 (SD=79) for msses, t(17) = 3.25, p =
. 005, anal ysing over subjects.

These data are consistent wth subjects using a
sumed simlarity strategy, but also could arise for
ot her reasons. For exanple, simlarity probably
covaried with how often a test situation occurred in
the training phase (we will call this the frequency
of a situation). On al nost any theory, frequency
woul d affect probability of recollecting a specific

situation®. Performance on the specific situations

task was based not only on nenory for the exact

si tuation, but also on situations nunerically
adj acent (Dienes & Fahey, 1995). It may be that
subj ect s’ recol l ection of situations conf used
nunerically adjacent si tuations®. Frequency was

conputed by counting the nunber of tinmes either the
exact test situation occurred in the training phase,
or another situation that was one only one |evel of
sugar production different. The frequency for hits
(21.1, SD = 6.2) exceeded that for msses (16.6, SD
= 3.4), t(17) = 2.92, p = .o010. When simlarity
difference was regressed against this frequency
difference, the intercept (21) was not significantly

different from zero, t(16) = 1.34, p = 0.20. That
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is, as far as we can tell, the simlarity of a test
situation to training situations nore than one |evel
of sugar production different did not influence
subjects' tendency to say 'old on the recognition
test.

In summary, performance on both the specific
situations task and the recognition task were
insensitive to situations that were nore than one
| evel of sugar production different. Thus, our
response to the Nosofsky (1988, 1991) type chall enge
is that both the specific situations task and the
recognition tasks seened to test nenory for specific
situations in the sane way; there did not appear to
be different decision criteria. The anal yses of
dependence between the two tasks showed they were
i ndependent even when recognition of a situation
only one level of sugar production different was
treated as a correct recognition of the original
situation (Appendix B). W suggest that this
i ndependence arose because the tw tasks tapped
different nenory systenms/. If both tasks depended
on famliarity, it is unclear why they should be
stochastically independent. Thus, we suggest that
t he recognition t ask relied on recol l ective
experience (Gardiner & Parkin, 1990; Tulving, 1985).
Subjects were told on the recognition test to say

"ol d if they renmenbered seeing the situation
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before; that is, if they had a recollective
experience and not just a sense of famliarity. On
the other hand, performance on the specific
situations task may have relied on inplicit
mechani sns that give rise to a sense of famliarity.
Future research <could test whether encouraging
subjects to respond on the recognition task
according to famliarity would produce correl ations
bet ween the two tasks.

One point of debate in the inplicit |earning
literature has been whether subjects acquire
unconsci ous or conscious know edge (Berry & Dienes,
1993; Hayes & Broadbent, 1988; Reber, 1989; Lew cki,
1986; Shanks & St John, 1994). Qur results indicate
that in the case of the dynamc control tasks the
know edge is conscious in the sense used by Shanks &
St John: Gven a specific situation, the subject
can say what the appropriate response should be.
That is, know edge of the |ink between situation and
response is conscious. On the other hand, the
know edge is unconscious in the sense that subjects
do not know why they know the correct response (this
is what Shanks & St John call inplicit retrieval):
They do not know that it is because they have been
in that specific situation before. There are also,
of course, other senses in which know edge can be

unconsci ous or conscious (see Chan, 1992; Dienes,
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Al t mann, Kwan, & Goode, 1995; Dienes & Berry, 1997,
Dienes & Perner, 1996) which these results do not
address: future research could usefully do so.
Finally, we note that the results reported in
this paper may be bounded by the anobunt of |earning
subj ects receive. Wth nore extended |earning
peri ods, subjects acquire greater anmopunts  of
explicit know edge (Stanley et. al., 1989; Squire &
Fronbach, 1990). Subj ects learn general rules, but
they may also cone to explicitly remenber specific
si tuations. Further, the inplicit learning itself
may becone | ess well approxinmated by a | ook-up table
as |l earning proceeds, and subjects may progressively
extrapolate and interpolate to greater degrees
around the situations trained on. This is also a

matter for future research to address.
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Appendi x A
OGstergaard's (1992) nodel of dependence

Ostergaard argued that in the inplicit nenory
literature previous studies had not considered a
nodel of what the greatest degree of dependence
could be between two tasks. He provided a nodel of
dependence between nenory tests that takes into
account the variance not related to the study
epi sode, as a way of assessing the greatest degree
of dependence that could be expected between two
t asks. Showi ng that the dependence between two
tasks is nonsignificant is only informative if the
degree of dependence is |ess than the anobunt that
could be expected. W can use the Ostergaard nodel
to determ ne the degree of dependence that would be
expected if correct responding on the specific
situations task was based on explicit recognition.
The effect of study on each task is calculated as
(proportion of positive responses to studied itens)
- (proportion of positive responses to nonstudied
items); or, in synbols, P(S+) - P(N+). "Positive
response' refers to a correct response on the
specific situations and to a 'yes' response on the
recognition task. Call the task with the snmall est
study effect task 1; the study effect for this task
can be represented as P(S1+ from study) = P(S1+) -

P(N1+) . If all the traces of itens accessible on
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task 1 are also accessible on task 2, then the P(S1l+
from study) of the study itens given a positive
response on task 1 will also be given a positive
response on task 2. That is, in our case, it is
assunmed that the subject can recognize the
situations that contributed to the study effect of
the specific situations task; this is the assunption
of an explicit look up table. There will be other
situations that subjects can give a correct response
to in the specific situations task, however, because
of chance, or the use of a pre-existing explicit
strategy that is independent of |earning. The
proportion of such situations can be estimted by
P(N1+). Sone of these situations will be recognized
but could not form the basis of an explicit |ook-up
table; for exanple, they may be recognized as old,
but the subject could not renenber the response to
t hem The proportion of situations jointly correct
on both tasks for independent reasons can be
estimated by P(Nl+) X P(S2+). In total, the
proportion of positive responses given to both tasks
is P(S1+) - P(Nl+) + P(N1+) X P(S2+). Thus, the
proportion of situations responded to correctly on
both tasks can be predicted by the nodel to be the
smaller study effect plus an additional chance

conponent .
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This cal cul ation assunes that the study effect
for task 1 is constant across the possibly different
contexts and instructions of the two tasks. This is
a reasonable assunption for our appl i cation:
Situations were presented to subjects in exactly the
sane detail on the specific situations and
recognition tasks. Thus, we could reasonably expect
the degree of dependence between the specific
situations and recognition tasks predicted by the
Ostergaard nodel if performance on the specific
situations task relied on explicit recognition.

In this paper, degree of dependence was
cal cul ated separately for each subject and analyzed
over subjects. This is so that a Sinpson's paradox
could not be present in the data due to coll apsing
over subjects (but it could of course arise due to
ot her reasons). We cannot discount all possible
artifactual reasons for why two tasks may fail to
correlate - there can always be unknown covari ates,
but we can discount various plausible reasons, and
therefore make a pl ausi bl e case t hat t he
denonstrat ed i ndependence S theoretically
i nformative. Maki ng plausible cases is all we can
do as scientists in any situation.

The Ostergaard nodel takes into account the
fact that the effect of study could be smaller for

one task rather than the other, and the |evel of
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dependence is cal cul ated accordingly. For exanpl e,
| f subjects use an explicit look up table, they
woul d have to (1) recognize the current situation as
an old one or not; (2) if it is old, recall whether
the target followed the situation or not; and (3),
if it did, recall the response given to the
situation. The recognition test used in this paper
only assessed the first conponent of this process,
and thus only a subset of the situations recognized
as old would be given a correct response in the
specific situations task. This just neans that the
effect size on the recognition task should be |arger
than for the specific situations task. Consi st ent
with the assunption of an explicit |ook-up table, we

assuned that the popul ation effect of study would be

greater for the recognition task than for the
specific situations task for each subject. The
cal cul ations were conducted accordingly: In the
expression used to predict the proportion of
positive responses to both tasks [i.e. P(S1+) -
P(N1+) + P(N1+) X P(S2+)], task 1 (i.e. the task
neant to have the smallest effect of study) was
al ways the specific situations task.

Because the Ostergaard analysis was calcul ated
separately for each subject, the expression was
often determined for cells where there were snall

anounts of data. The effect of small nunbers of
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observations is always to reduce power. In terns of
Type | errors, note that the expected value of the
Ostergaard estimate of proportion of positive
responses on both tasks can be obtained by
substituting the expected value of each of its terns
in the expression. (This statenent assunes that the
proportion of positive responses to nonstudied itens
on task 1 is largely independent of the proportion
of positive responses to studied itens on task 2 for
each subject, because these two proportions are
involved in a product term This is a reasonable
assunption and in fact is an assunption made by the
Ostergaard analysis in general.) The expected val ue
of each termis not changed by small nunbers. Thus,
small nunbers of observations do not distort the
expected value of the Ostergaard prediction, and an
anal ysis based on small nunbers will not involve any
inflation of Type | error rate. That is, finding a
significant di fference between the Ost ergaard
predicted proportion and the obtained proportion
could not be explained by the small nunbers of
observati ons.

Not e that independence between the recognition
and specific situation tasks could arise sinply by
responding "old" to everything. This type of
problem is addressed by Ostergaard's anal ysis. | f

subj ects r esponded "ol d" to ever yt hi ng, t he
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difference between independence and the degree of
dependence predicted by Ostergaard' s nodel would be
zero. If data are significantly less than the
prediction of GOstergaard's nodel, then trivial

expl anations of this sort are ruled out.
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Appendi x B
Ef fect of generalization between situations on the
Ost ergaard node
The anal yses of the degree of dependence

between the tasks reported in the results sections
of Experiments 1 and 2 assuned that there was no
generalization between situations. In fact, D enes
and Fahey (1995) showed that there was
general i zation between situations. For the sugar
production task, D enes and Fahey showed t hat
subjects treated situations that differed by only
one | evel of sugar production as if they were the
sane (there was little generalization between
situations that differed by two or nore | evel s of
sugar production). This generalization could
i ncrease the apparent anmount of independence between
performance on the recognition and specific
situations tasks. For exanple, subjects may fail to
recogni ze a situation as old, but still produce the
correct response on the specific situations task
because they renenber a simlar situation. To deal
with this potential problem the anal yses on the
data from Experinent 1 were repeated but subjects
were regarded as having correctly recogni zed an old
| oosely correct situation either if (1) they
correctly recogni zed that particular situation; or

(2) they correctly recogni zed anot her | oosely
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correct situation that was only one | evel of sugar
production different and to which they gave a
correct response in the specific situations task.
The difference between the actual proportion of
situations in which subjects perforned correctly on
both tasks and the proportion expected on the basis
of i ndependence was, averaged over subjects, .004
(SD = .043), which is non-significantly different
fromzero, t(19) < 1. That is, there was no

evi dence that giving a correct response to a
situation in the specific situations task depended
on recognizing that situation or a simlar
situation. The difference between the actual
proportion correct on both tasks and that expected
on the basis of Ostergaard s nodel of dependence
was, averaged over subjects, -.05 (SD = .08), t(13)
= 2.16, p<.05 d=0.63. That is, the dependence
bet ween the tasks was | ess than would be expected if
correct performance on the specific situations task
was based on recognition of the situation or a
sinilar onel.

In terns of the person interaction task, D enes
and Fahey (1995) showed that when interacting with
Person U, subjects treated situations as simlar if
they differed by no nore than four levels of ElIlis'
behavi our or the subjects' behaviour. As for

Experiment 1, this generalization could increase the
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apparent anount of independence between perfornance
on the recognition and specific situations tasks.

To deal with this problem the anal yses conducted on
the data from Experinment 2 were repeated but the
subj ect was regarded as having correctly recogni zed
an old | oosely correct situation either if (1) they
correctly recogni zed that particular situation; or
(2) they correctly recogni zed anot her | oosely
correct situation that was no nore than four |evels
of Ellis' behaviour or the subjects' behaviour
different, and to which they gave a correct response
in the specific situations task. The difference

bet ween the actual proportion and that expected on
the basis of independence was, averaged over
subjects, -.01 for Person U, and .00 for Person S,
both non-significantly different fromzero, ts < 1.
That is, there was no evidence that giving a correct
response to a situation in the specific situations
task depended on recognizing the situation or a
simlar situation. The difference between the
actual proportion correct on both tasks and that
expected on the basis of Ostergaard s nodel of
dependence was, averaged over subjects, -.06, t(20)
=2.70, p<.02, d=0.59, for Person U, and .00, t
<1, d<0.20, for Person S. That is, for Person U
t he dependence between the tasks was | ess than woul d

be expected if correct performance on the specific
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situations task was based on recognition of the
situation or a simlar one. For Person S, the data
di d not distinguish between Ostergaard' s nodel and

t he nodel of i ndependence.

50
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Foot not es
lGeneralization between instances may I ncrease
performance on new situations in the specific
situations task. However, performance on new
situations is used in the Gstergaard analysis as a
neasure of baseline performance in the absence of
| earning. Performance on new situations which are
nore than one | evel of sugar production different
fromany old correct situation was .10 (SD = . 32),
no | ess than the performance on all new situations
(.07, SD = .27). That is, generalization did not
detectably increase perfornmance on new situations,
and so the Ostergaard anal ysis would not be

af f ect ed.

2An anal ysis of the data from Experinent 1 of D enes
and Fahey (1995) also revealed that the relation

bet ween performance on the specific situations task
and recognition was nonsignificantly different from
i ndependence and significantly | ower than that
expected by Ostergaard's nodel. In the Di enes and
Fahey experinent, unlike the experinent reported in
the current paper, situations were presented in the
specific situations and recognition tasks as

conbi nati ons of sugar production and work force on
the previous trial. This creates a potenti al

problemw th drawi ng strong conclusions fromthe
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apparent stochastic independence in the D enes and
Fahey experinent because they provi ded evidence that
subj ects were responding to the sugar production
task on the basis of single features. That is,
subj ects responded to a given |level of sugar
production in a simlar way regardl ess of the |evel
of work force with which it was conbi ned, and they
al so responded to a given |level of work force in a
simlar way regardless of the |evel of sugar
production. Thus, even if subjects did not
recogni ze a particul ar conbi nati on of sugar
production and work force as being old (and
incorrectly responded "new ) in the recognition
task, they may still have recogni zed the | evel of
sugar production by itself as being old and
responded appropriately in the specific situations
task. This would reduce the expected degree of
statistical dependence between the tasks bel ow t hat

predi cted by the Ostergard nodel.

3Further, Dienes and Fahey (1995) presented evi dence
t hat subjects responded to the specific situations
task on the basis of the conbination of Ellis'

behavi our and the subjects' behaviour on the | ast
trial. Because in this case, uni ke Experinment 1 of
D enes and Fahey (see footnote 2), subjects were

responding to both the specific situations task and
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the recognition task on the basis of the sanme
features, Ostergaard's nodel provides a plausible
estimate of the anmobunt of dependence expected if
subj ects' responses on the specific situations task

wer e based on explicit recollection.

4Brown et al. (1991) argued that nodality shifts in
inplicit menory tasks nmay be nore |likely to appear
when study nodalities are mani pul ated wi thin rather
t han between subjects so as to focus subjects
attention on perceptual features of the stimuli.
However, there have been a nunber of studies finding
substantial nodality shifts on inplicit nmenory tasks
usi ng between subjects designs (Bassili et al.,

1989; Wel don & Roediger, 1987).

5C‘onsidering new test situations, the simlarity for
false alarns (493, SD = 128) was higher than for
correct rejections (470, SD = 92), though not
significantly so, t(13) = 0.4 (95% Cl on the
difference went from-151 to 105, indicating that
the data were not sensitive enough to distinguish

the interesting alternatives).

60 that famliarity depended only on exact matches

and i medi ately adj acent situations. Simlarity is
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known to drop off at a faster than linear rate with

di stance in other paradi gns (Shanks & d uck, 1994).

A sinilar anal yses was conducted on the data from
Experiment 2. Simlarity was defined by a city bl ock
netric (as the dinensions were presunably
perceptual | y separabl e; Shanks & & uck, 1994):
Simlarity =23 - |difference in Ellis' behaviour|

- |difference in subject's behaviour|. Thus, the
mnimumsimlarity is 1 and the maxinumis 23. The
difference between hits (961, SD = 56) and m sses
(885, SD = 76) was significant, t(19) = 3.97, p =
.001. For frequency, conputed as the nunber of
times that exact situation occurred in training, the
di fference between hits (2.6, SD = 0.9) and m sses
(1.3, SD =0.3), was also significant, t(19) = 5.55,
p < .001. Wen simlarity difference was regressed
agai nst frequency difference, the intercept (20) was
not significantly different fromzero, t(18) = 0.76
(the intercept lay within the body of the data).
That is, on this nodel of simlarity, the data

provi ded no evidence that subjects' recognition

deci sions were determ ned by any situation in the
trai ning phase other than the exact situation tested

for.
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Table 1

Conti ngency table for situations to which subjects
gave the correct response in the training phase of
Experinment 1

Si tuati ons Task

Correct | ncorrect
Recogni ti on Task
Subj ects response:
‘ad 29 53
" New 12 16

Note. On the recognition task, 'old is the correct

response, 'new is the incorrect response. On the
situations task, 'correct' refers to the subject
giving the correct response when tested on this
task, and '"incorrect' refers to the subject giving
the incorrect response when tested on this task:
All the situations had been given the correct

response in the training phase.
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Table 2
Specific situations task/proportion correct

Per son: U S

Modal ity: Sane Diff. Same Dff.

St udy primng:

New .30 (.13) .33 (.18) .47 (.19) .54
(.15)

ad .53 (.25) .54 (.23) .70 (.20) .74
(.23)

Note. Standard devi ations appear in parentheses.
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Table 3
Conti ngency table for Person S

Si tuati ons Task

Correct | ncorrect
Recogni ti on Task
Subj ects response
‘ad 105 24
' New 39 10

Conti ngency table for Person U

Si tuati ons Task

Correct | ncorrect
Recogni ti on Task
Subj ects response
‘ad 56 21
" New 50 18

Note. On the recognition task, 'old is the correct

response, 'new is the incorrect response. On the
situations task, 'correct' refers to the subject
giving the correct response when tested on this
task, and '"incorrect' refers to the subject giving
the incorrect response when tested on this task:

All the situations had been given the correct
response in the training phase (i.e. a response that

|l ed to target or just one |level off).
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Figure 1.
The di spl ays seen by subjects during the | earning
phases of Experinent 1 (top panel) and Experinent 2

(bottom panel ).
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