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Retrospective Effects in Human Causality Judgment

M.E. Le Pelley (mel22@hermes.cam.ac.uk)
D.L. Cutler (dlc29@hermes.cam.ac.uk)
[.P.L. McLaren (ipIm2@cus.cam.ac.uk)
Department of Experimental Psychology; Downing Site
Cambridge CB2 3EB, England

Abstract 1996; Shanks, 1985). We will consider in some detail here
one of the more popular theories of associative learning;
The phenomenon of retro_sp_ective re_valuation_ has bt_ae_n aWagner’s(1981) SOP modeland Dickinson & Burke's
challenge to many associative learning theories as it in- (1998) modification allowing it to explaimetrospective
vQIves a change in thassomaﬂve strength of ae on effects
trials on wh_lch thatcue is absent. Th_e presentexperi- SOP. h imudi db des i
ment combines several retrospective learnigntin- proposes that stimware represented by nodes in
gencies in a single, within-subjects experiment, allow- &N @ssociative memory thate composed of aumber of
ing for valid comparisons between contingencies. One of €lements. These elemermtan be inone of threestates at
the most popular models afetrospective revaluation, any instant; one inactive state (I) and two active states (Al
Dickinson & Burke’s (1996) modification of Wagner’s andA2). Presentation of a stimuluesxcites the elements
(1981) SOP theory, fails to explain the full pattern of re- representinghat stimulus into Al.These elements then
sults. A connectionismodel thatexplains retrospective decay back to | via A2. Exciting modevia anassociative
revaluation in terms of changes in retrievability in mem- connection, however, causes a transition frodirdctly to
ory, rather than asew learning about absent cues, is Ao Changes in the associative connecti@tween two
shown to provide a better account of the results. nodesdepend ontemporal overlap of the states of their
. elements. Whenever the elements of twadles are in Al,
Introduction there is an increment ithe excitatory strengtletween
Perhaps the biggeshallenge to traditional theories of them. When the elements for one node are in Al and those
associative learning in recent yeaas come fronstudies  of another are in A2, there is an increment in the strength
of retrospective effects in cuspmpetition. Sucheffects  of an inhibitory connection. Critically, SOP states that
have overturned the central tenetmrﬁny of the most in- On|y cue elements in A1 Wikngagdhe |earning3r0cess
fluential learning theories (e.g. Rescorla & Wagri&72;  (j.e. learning will onlyaccrue tocuesthat are physically
Wagner, 1981) -that only cues present on a given trial present on a trial)Hence, as there can be no learning
may engage the learning process. about absent cues, SOP is unable to explain the results of
Consider a typicalretrospective revaluatiostudy, as retrospective revaluation studies.
shown in Table 1. Stage 1 involves training of the cue Dickinson & Burke (1996)proposed a modification to
compounds AB and CD to predict some outcome. In StagSOP to allow it to explain retrospective revaluation (Table
2 one of the cues (the competioge) from each com-  2). Theysuggestedhat CS elements in A2ould engage
pound is selectedfor either furthertraining (in what is |earning, with an increment in excitatory strengthen-
known as thepackwardblocking condition) or extinction ever therewas an overlap in activation statése this in
(unovershadowing). Theypical result of such studies is A1 or in A2) and anincrement in inhibitory strength
that, following stage 2 trainingyhen the cuethathave  wheneverelementswere in differentstates. Thusthey
not received any further training in stage 2 (the target cuespecifiedthe sign with which learningoccurs to be a
are tested, D is nowated as detterpredictor ofthe out-  symmetrical function of elemental activation states.
come than B. Thus thgerceivedpredictive validity of a Consider now the contingencies shown in Tabl®d:-
cue can be altered after initial compound training with tha;ng the first stage both target and competing caed, the
cue, either by training the otheue ofthe compound pair US, arepresentedand soall will have elements in' Al
as a valid predictor of the outcome (asbackwardblock- ' : . L
Hence target and competing cue elements will fextita-

ing) or by extinguishing it (as innovershadowing). The : | dwithi q
inferencefrom this is that the associative strength of thel®’y connections to US elementind within-compoun
target cue representation (B or D aboveptidcomerepre- ~ associations will form between target and competing cues.

sentation associatiotan change orrials in which that In the unovershadowing contingency cue Crisw pre-
cue is not presented (A+ and C-). sented,and will retrieve D elements into A2 via the

Retrospective revaluation has now been reliaggon-  within-compound link. The US will also have elements in
strated in anumber of experiments with humanssing

causal judgments of a cuemutcome relationship aadi- Table 2: Modified SOP.
cators of the strength of the associatimtweentheir rep-
resentations (e.gChapnan,1991; Dickinson & Burke, US Element
Table 1: A typical retrospective revaluation design. Al A2
CS Al E I
Condition Stage 1 Stage 2 Test Element A2 ] E
Backward Blocking AB+ A+ B?

E : Excitatory connection strengthened

i - ?
Unovershadowing CD+ c Bf | : Inhibitory connection strengthened
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A2 (retrievedvia the C- US connection). As both D and Table 3: Design of the experiment.
the US have elements in the A2 statedified SOP pre-
dicts an increment in the excitatory strendibtween Condition Pre-exp [ Cond 1 Cond 2
them. Hence D’s rating ipredicted toincrease as eesult B. Block AB+ A+
of the C- trials, even though it is absent. Unover CD+ C-
The case fothe backwardblocking contingency is less L,A&D Control EF+ G+
clear. Presentation of A in stage 2 will retrieve B elemenf8R Control HI+ H+/H-
into A2. The outcome ipresented, s@some of itsele- BCl JK- J+
ments will be in A1, but it is alspredicted byvirtue of BCI Control 1 LM- L-
the A~ US connection, so it will alsthave elements in BCI Control 2 NO- P-
A2 (these elements cannot go straight from A2 to ABB Pre-exp QR Q+
when the US ipresentedthey must pass through the |BB Pre-exp Control|l ST S-
state first). Thus any inhibitory A2-A1 learning between E3B Pre-exp Control|2 UV
and the US will be offset to some extent by excitatory AZEillers WX-

A2 learning. Whether thenodel predicts aetincrease or  Thege ratingsveretaken as a measure te associative
decrease ihe rating of Bdepends omwhich of theproc- — gyrength of a connection from cue to outcome.
essesengaged bycongruentand incongruent elemental v g1so follow Dickinson & Burke (1996) and Larkin et

states is stronger. : - . al. (1998) in using darge number otues. Thiscreates a
The ove'raII result, thoughz is thatter;r'alnlng D will large memory load, hopefully preventing subjedtem
be rated higher than Biccording to modifiedSOP, then, basing their ratings omferencesmadefrom explicit epi-
the driving force behind retrospective revaluation is  gqgic memories of the various trial typéssteadsubjects
unovershadowinghackwardolocking has a smaller role. g4 have to rely on associative processesrawide an
This is supported by Larkin, Aitken & Dickinson (1998), «5,1omatic” measure of the causal efficacy of each cue.
who tried to measuréhe effects of unovershadowing and 1he first two rows of Table 3 (B. Block andhover) are
backwarq blocking separately by comparing each ra e contingencies of atandardretrospective revaluation
trol contingency, EF+ X+for which neither target cue gyneriment, as shown in Table 1. Retrospectaelua-
nor competing cue irained inStage 2). Asredicted by o is demonstrated if D is rated higher than B on test.

modified SOP, they foundvidencefor a significanteffect The “L.A&D" contin : :
. . , gency is a control of the kindsed
of unovershadowing, but thevidencefor backwardblock- by Larkin et al. (1998). Followingompoundtraining in

ing was weaker and fell short of significance. Cond 1, neither cue igresented irCond 2,and so no re-
Backward blocking and unovershadowingare not the \5),ation will occur. Thus backward blockirgd unover-

only retrospective effectthat have been found irfnumen shadowing can be assessed independeekitive to this
causal learning. It habng beenknown that following  conro Backward blocking would be evidenced by a lower

A+, AB- training, B will typically become established as (4ting of B than E or Funovershadowina by a higher
an inhibitor of the USable to counteradthe excitatory rat:ng of D than E or F. Hhov wing By 9

potential of A. Chapman (1991) reversed this procedure, t0 Tha “pR Control” is asecondcontrol that mightallow

give an AB-, A+ de.sig'n.. ThisrocedureNae suffici_ent 10 us to dissecout the effects of backward blocking and
establish B as an inhibitor of the US (i.e.réceived a unovershadowingFollowing compoundtraining in Cond
lower rating on test than C or D from a CD-, e6ntrol 7 yhe competingue receivepartial reinforcement. Thus
thereare an equahumber of H+and H-trials. Suppose
that unovershadowing ismuch stronger tharbackward

- . blocking. Oneach H-trial in stage 2there would be an
Note that the phenomenon backward-conditioned in- unovershadowing effectyith I's association to the US

hibition is in line with thepredictions ofmodified SOP. becoming stronger. On each H+ trtakre would bdittle

During the first stage a within-compound association igfect ashackwardblocking is weak. Thecontingency
learnt between Aand B. Athenretrieves B elementsito becomes, in effect, HI+ H-, i.ainovershadowingand so

A2 in stage 2. The outcome [Besentedand sohasele- \\e expect I'srating to be similar to D (from aactual
ments in Al. The resulting2-Al activity will result in  ~p; . contingency). The oppositwould be true if

formation of an inhibitory link between B and the US. backwardblockin :
o ! ; . g were stronger tharunovershadowing.
Thus modified SOP is weBquipped to deakith some |, general, the PR Control targatiewill receive arating

of the major findings of retrospective learning studies with,|oser to the targetue of the retrospective revaluation
humans. In the present experiment we use tretsaspec- contingency having the stronger effect.

tive effects as a benchmark from whichprovide a more e hexithree rowsshow abackward-conditioneéhhi-
critical assessment of the mechanism fetrospective pjion contingencyandtwo controls respectively. As de-
revaluation proposed by modified SOP. scribed earlier, backward-conditionednhibition will be

The design of the experiment is shown in Table 3. Weyemonsirated if K is ratetbwer on test than M(from

used an allergy prediction paradigm, as employe®iok-  ~gnirol 1) and N or O (from Control 2)
inson & Burke (1996) and Larkin et al. (1998).Partici- “BB Pre-exp” is short for backward blocking pre-

.__exposure. This involvegompound pre-exposurduring

: . . "the first stage (cf. compourteaining for backwardblock-

in a hypothetical patient (Mr. X). The foods, then, constiy,q) ‘followed by excitatory training of the competing cue
tute the cuesandthe allergicreaction isthe outcome. j"cong 2. Modified SOP predictsthat unovershadowing
Following training, subjectsatedhow stronglyeach of iy have a largeeffect than backwardblocking in retro-
the foods predictedthe occurrence of arallergic reaction. spective revaluation, because irbackwardblocking con-

good predictor of the US following AB- trials.
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tingency the US is stronglpredicted inthe secondstage,
such that it has elements in A2. Thecitatory A2-A2
learning then offsets theffect of inhibitory A2-Al learn-

ing. As a result of usingompound pre-exposure in the
“BB Pre-exp” contingency, though, the US will not be

expected on Cond ®ials. Hencewhen it ispresented all
of its elementshould befree toenterAl. R will be re-
trievedinto A2 by Q via the Q-R associatiateveloped
during pre-exposure. Thesulting A2-Al overlapshould
produce strong inhibitory conditioning.Modified SOP
thus makes the clear predictitmat R will beratedlower
than T (from Control 1) and U or V (from Control 2).
The Filler trial wasused sothat there were anequal
number of positive and negative trials during Cond 1.

Method

Participants Twenty-four CambridgeUniversity students

(14 female, 10 male; age 19-23) took part in the experiment.

Apparatus Theexperimentwas run on a Power P®lacin-
tosh with a 14" monitor.

The foods usedwere: Oranges, Tomato, Cheeskpbster,
Rice, Peaches, Banana, Grapes, Yoghurt, MeBmccoli,
Aubergine, Eggs, Potatoes, Carrots, Lentils, SardiGzsn-
mon, Dates, Mushrooms, Raspberries, Jam, OniBteak.

These foodsvererandomly assigned to the letters Ato X in

the experimental design for each subject.

Procedure At the start of the experimemach subject was
given a sheet of instructions presentitige “allergy predic-
tion” cover storyfor the experiment.They weretold that in
the first block theywould belooking over records offoods
eaten at the clinic by Mr. X, bwvould not be told whether or
not allergic reaction®ccurred, while in the secorahdthird
blocks they would be asked to mageedictionsbased on the
foods eaten. They were also told that at ¢inél ofthe experi-

—&—AB+
—8—CD+
—&—EF+
——H |+
—0—JK-
—O—| M-
——NO-
—I—WX-

Percent "Allergic Reaction" Responses

1 2 3 4 5 6 7 8

100

——A+
—0—C-
—A—G+
=e—--H+/-
—a—J+
—_—o— -
—A—P -
——Q+
—0—S-

80
60
40

20

Percent "Allergic Reaction" Responses

Trial Set

Figure 1. Acquisition of discriminations in (A) Stage 1
and (B) Stage 2.

ment they would be asked to rate each of the famtording
to how strongly it predicted allergic reactions.

On each pre-exposure trial, teords “Meal [mealnumber]
contains the following foods:” followed by the twofoods
appeared on the screen. Subjestsethen cued to enter the
initial two letters of each of the foods. This was to enshed
they paidattention tothe pairings offoods when naallergy
prediction was required. Therevere three trial types inthis
stage: the order of trials was randomized over each stire¢
with the constraint thatthere were noimmediate repetitions
across sets. Participants saw each pair of foods eight times in
this stage. The order of presentation onthe screen
(first/second) within each compound pair was randomized.

The same message appeared on the screen on Cond 1 and
Cond 2 trials. However, now the subjects were asked to predict
whether or not eating the foods would cause Mr. Xawe an
allergic reaction, using the “x” and *“” Kkeys
(counterbalanced)The screen then clearecand immediate
feedback was provided. On positive trials the message
“ALLERGIC REACTION!” appeared on the screen; on negative
trials the messagéNo Reaction” appeared. If aimcorrect
prediction was madethe computer beepedhere was an ex-
plicit break between Cond 4ndCond 2, when subjectaere
told that theywould now see anew set of meals, some of
which contained foods theyad seen earlierand some of
which didn’t. There were eight trial types in Condahdnine
in Cond 2.The order of trialwasrandomized over each set of
eight or nine. Participants saw each meal eight times in Cond
1 and Cond 2. Four of theight H trials inCond 2wereposi-
tive, and the other four were negative, in random order.

In the final rating stage subjectsere asked to rateheir
opinions ofthe effect of eating each of the foods oscale
from -10 to +10. Theyvere touse+10 if the foodwas very
likely to cause an allergic reaction in Mr. X, -10 if eating the
food was very likely to prevent the occurrence of allergic reac-
tions which other foods were capable of causiagd O if eat-
ing the food had no effect on Mr. X (i.e. it neithesiused nor
prevented allergic reactions).

All of the foods seen in training were then presentedaim
dom orderfor rating. For clarification, participants also had
access to aard onwhich theinstructions onhow to use the
rating scale were printed. Once a fdwad beenrated it disap-
peared from the screeandthe next appeared, so thaartici-
pants could not revise their opinions upon seeing later foods.

Results

Figure 1 illustrates theercentage ofrials on which sub-
jects thought arllergic reaction would beaused by the
food(s) shown in each of the 8 trial sets of Conahd 2.
Subjects’ responses were clearly appropriate to the relevant
underlying contingencies by the end of each stage, with all
of the positive trial types eliciting mor&llergic Reac-
tion” responses, negative trial typesceiving more “No
Reaction” responses, and the H+/H- trisdseiving about
50% positive and negative responses.

Of more interest are the ratings of the cawftacy of
each of the foods. The mean rating given to each of the 24
foods is shown in Figure 2. A one-wagpeatedneasures
ANOVA was carried out on these ratings as a preliminary
to assessing theffects ofinterest by means gblanned
comparisonsTherewas a significant maieffect of food
[F(23,529) = 22.46p < 0.001]. Retrospectiveevaluation
was seen, in that the targate ofthe backwardblocking
contingency (B) wasatedsignificantly lower than that of
the unovershadowing contingency (OF([L,23) =7.24, p
< 0.01]. Hence it appearthat our experimentglaradigm
is sensitive tochanges irnthe perceivedcausalefficacy of
cues on trials on which those cues are not present.



CogSci2000

o ]

E
E
4
J

Rating

210 4+

Figure 2. Mean ratings given to the 24 foods.

The result for the L,A&D Control contingency is given
by the average of cues E and F, which are equivaléms.
doesnot differ significantly from B or D F(1,23)=2.78
and1.23 respectivelyps > 0.05]. Given thidailure to
reachsignificance, our results neither confirm ramtra-
dict those of Larkin et al. (1998).

We now turn to the results of the PR Contoalntin-
gency. The rating of the targetiefrom this contingency
() is very similar to that of the backward blocking contin-
gency, butquite differentfrom that of theunovershadow-
ing contingency. This is supported statistically: B and |
not differ significantly [F < 1]whereaghe difference be-
tween Dand I ishighly significant [F(1,23) = 7.44, p <

0.01]. It was stated earlier that the rating of the target cu
of the PR Control contingency should be more similar to

the target cue of whichever retrospective revalugiae-
ess(backwardblocking or unovershadowing) is stronger.

Note that this result alsarguesagainst subjects’ using
a rational,Bayesian approach tthe contingencies seen.
According to thisidea, subjectswould integratethe infor-
mation experienced irthe two stages talerive the most
likely cause ofthe US. For example, A- trials following
AB+ trials (unovershadowing) indicatéhat it must have
been Bthat causedhe US on the AB+ trialsHence B's
rating will increase as a result of A- trials. Lestrma-
tion is given by A+ trials following AB+, though: B
couldstill be a cause of the US on AB+ trialdencethis
rational approach predictshat unovershadowingvill be
stronger tharbackwardblocking, whereasthe results of
the PR Control indicate the opposite.

In addition, modified SOP predicts a largjfference be-
tween the target cue of the BB Pre-exp grangdits con-
trols, but nodifference isseen. The BB Pre-exp contin-
gency should be the situation in which the inhibitory A2-
Al process,proposed to underlidbackward blocking,
should be most prominenand yet no effect was seen.
This is particularlynoticeable as the BCI contingency,
which on thesurface appeargery similar, did show an
effect. The failure to find aeffect in one of the twacon-
tingencies is hard to reconcile with modified SOP.

In summary, then, it seems thabdified SOP is able
to explain the existence aétrospective revaluation and
associategphenomena, but that thmeechanics of the ex-
planation offered do not agree with our empirical findings.
We now offer analternative class of model whickeems

dooetter able to cover the known facts with respect to human

studies of retrospective revaluation.

SAPECS: A model of associative learning

It is possible to explain the results of thbove experi-
ments using a version ofcLaren’s (1993) APECS

Hence, given that the rating of | is more similar to B tharfnodel. The mechanics for learning APECS are similar

D, the PR Control contingenandicatesthat backward
blocking is a stronger process than unovershadowing.
We alsohaveevidencefor backward-conditioneéhhibi-
tion in this experiment. Cue K igtedlower than its
equivalents inthe two control contingencies (Mand the
average of N and Onone of whichdiffers significantly
from each ofthe others). Thesdifferences arsignificant
[F(1,23) =7.45,p < 0.01andF(1,23) = 6.98,p < 0.01
respectively].There is no evidenctor any retrospective

to standarcackpropagation (Rumelhaitinton, & Wil-

liams, 1986), but differ in thatncethe weightsappropri-
ate to a mappindpavedevelopedthe learningrepresented
in those weights is protected. This is achieveddducing
the learning rate parameters for the hidden unit carrying the
mapping. The effect is to “freeze” the weightsaiad from
a certain configuralinit at the value theyold immedi-
ately following experience ofthat configuration.Cru-
cially, this freezing ofweights toandfrom a hiddenunit

target cue of this contingency is R. The two contrase
are T andhe average of U and \(nhone of whichdiffer
from one another). In the former case, the meaeglen-
tical; in the latter the difference is not significahtq 1].

Discussion

Looking at the results above, vean seethat modified
SOP issuccessful in explaining some aspectshi$ ex-
periment (theoccurrence ofretrospective revaluation and
backward-conditionednhibition). However, it also has
important failures.

The fact that the PR Control indicates a stronger role
backwardblocking thanunovershadowing irthis experi-
ment is a great problem for modifi&DP. It impliesthat
the simplisticapproachtaken to the associatiyiocesses
occurring in these contingencies is insufficientprovide
a full account of human behaviour with respecletarning
about absent cues, as tmedel predictghat unovershad-
owing will be more influential than backward blocking.

i.e. if it is part of amapping thatpredicts anincorrect
outcome for the current inputhis reduces the interference
arising as a result of subsequent experience of similar (but
not identical) input patterns. Indeed APECS was originally
designed as a solution to the problem of catastraptec-
ference in learning (McCloskey & Cohen, 1989).
Specifically, APECS hasdlifferentlearning ratgparame-
ters for input—hiddenand bias—hiddenconnections. The
former are frozen to prevent interferentiee latterremain
high. Henceextinction (suppression of inappropriate re-

sponses) is achieved by an increase in the negative bias on

the hidden unit carryinthe inappropriatenapping,rather

%han by reduction of weights (whichwould cause the

original mapping to be lost from the networlGiven
appropriateinput cues, thenegative bias on théidden
unit can be overcome and the original mapping retrieved.

In addition, in our instantiation of APECS each different
pattern ofstimulation isrepresented byts own hidden
unit, similar to Pearce (1987).
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Consider what happens in the network on AB+ trainingorder to counter the positive activation flowing to the US

It will learn amapping from Aand Binput units to the
US output unit,mediated by a hiddeanit thatcan be
thought of agepresenting the configuration of and B

via the original mapping.
Between A- trials, when no inputs are presented, the US
will receive excess negativeput as a result of thinew,

(ABiagen- ONn each AB+ trial the excitatory connections tounsuppressehhibitory mapping. The networkounters

andfrom AB,4en Will grow stronger. Nowconsider the
gap betweenAB+ trials, when noinputs are presented.
According to the logistic activation functioremployed
with APECS, when noinputs are presentedhe hidden
units will have an activation of 0.&6eeRumelhart etal.,
1986). This activation willfeed along the ARy~ US
connection learnt on thprecedingtrial, and activate the
US unit. This is obviouslynappropriate when naputs
arepresentedThe US unit willtake on a negativerror,
which is propagated back to AB., As explained earlier,
a negativeerror means that the weights tand from the
hidden unit are frozen. lorder tosuppress thexpression
of the US on gapsetweenthe AB+ trials, the ABguen
unit will therefore develop a negative bias.

In a backwardblocking contingency we now train on
A+ trials. As explainedabove, in this instantiation of
APECS, each different inputoutput mapping isssigned
a newhiddenunit. Hence anew unit is recruited tocarry
the A+ mapping. As the previowsxcitatory connection
from A to the US (via the AB configural unit) is stilise-
ful in reducingthe outputerror (i.e. there is apositive
output error on A+ trials, which isropagated back to the
AB e UNIt), the learningate forthe A- AB,ggen— US
connections will alsaemain high. Given thenegative
bias on the ABgy., unit, and the fact that training was
with A and B in stage 1, A alone will nsticceed irfully
activating the US at the start of A+ traininigence the
connections from A to bothiddenlayer units, and from
the hidden layer units to the US node, will strengthen.

Now, when no stimulare applied (duringnter-trial in-
terval) thehiddenunits will deliver some positiveactiva-
tion to the output unit. Thus the,f., unit will assume a

this problem in two waysOne is for the Aggen UNIit to
develop a negative bias. The other is for the negative bias
on the AB,uen UNit to reduce,allowing through more
positive activation.

The upshot of thedecrease innegative bias on the
ABi qqen UNit is that presentation on B will nogxcite the
US moreeffectively than following initial AB+ training:
this is the standard unovershadowing effect.

Thus the features of APECS that prevent it freuffer-
ing from catastrophic interference also allow it to explain
retrospective revaluation. Indeed, a backward blockomy
tingency can be seen as iaterferencedesign,where two
different pathways (via Aggen @nd AB,ue) COmMpete to
activate the same outcomdence A+trials interferewith
memory of the AB+ mapping, causing this pathway to be
suppressed. In unovershadowig situation isreversed:
the two pathways havepposite outcomeAB+ andA-),
and so on Adrials the AB+ pathwayneednot be sup-
pressedandcan even become stronger to courttex in-
fluence of the new negative pathway.

On performinginitial simulations ofretrospective re-
valuation using APECS it wasund that unovershadow-
ing consistentlyshowed a larger effecthan backward
blocking. This sits well with the results of Larkin et al.’s
(1998) study. But how theoould this model explain the
PR Control, whichindicatesthat backwardblocking has
the greater effect?

The answer lies in the nature of the AB+ A+/design
used. It was mentioned earlier that each new inpuitput
mapping recruits a neWwiddenunit. Hencethe occurrence
of A+ and A- trials in stage 2 willead tothe recruitment
of two newhiddenunits, onecarrying an excitatorynap-

negative bias. More importantly, the negative bias on theing, the other an inhibitory mapping. Thus there are now
AB,iueen UNit will also become increasingly negative to two excitatory pathways to the US (via the AR, and

counter the extra positive activation feeding to the US.
What now happens when B Besented onest? Bwill

A+,i4qen UNItS) as opposed to only one inhibitgugthway
(via the Arjgqen- This means that anifluence of the

provide AB, 4., With positive activation, but this may not inhibitory pathway on each excitatory pathway (i.e.
effectively counter the unit’s large negative bias, and hencenovershadowing) will be relatively slight, as thiéect is

the US will receivelittle activation. This, of course, as-

sharedbetween,and counteredby, both excitatory path-

sumes that AR.S gain in negative bias outweighs the ways. Theeffect of one excitatory pathway on thather

strengthened AB..— US connection. This iguaranteed,
as the two biaghangesmust togethercounter the in-
creased A hidden and hidden US weights ofboth routes
to the US,whereasonly theincreased AB,qen— US con-
nection will facilitate B’s ability to retrieve the US.

Hence APECS is able to explaiackwardblocking: as
a result of A+ trials following AB+ training, Becomes
less able toretrievethe US. Note that, unlikenodified
SOP, this is not as a result méw learning about Bhe
B - hidden connection isunchanged on A-rials), but
rather as aesult of changes inthe retrievability of a
previously-learnt association.

Consider now the Adrials of the secondstage of an
unovershadowingontingency.Once again a newhidden
unit is recruited to carrythis mapping. In thiscase,
however, the AB,., Unit is notreused: it carries an
inappropriate excitatory mappingnd so will have a
negative errorHenceits weightsarefrozen, and it takes
on an increasedegativebias. Inaddition, aninhibitory
mapping from A to US will develop via the,f., unit in

(backward blocking), though, is relativelyaffected, as it
is still a one versus one situatiodence backwartblock-
ing is relatively preserved inthis contingency,whereas
unovershadowing is greatly reduced.

Figure 3 shows simulation resufiar the retrospective
revaluation contingencies of our experiment, alovith
the empirical results. The simulation resudtethe aver-
age of 24 simulations run with APEC&ach representing
one subject, with exactly the same tr@ber as experi-
enced by the real subjects. Eddhl involved 1000learn-
ing cycles. A hidden unit is defined as being “actiwdien
it receives positive activation from the input layer. Thus if
cue A is presented tthe network, anyhiddenunit repre-
senting a configuration that includes cue A will dtive.
Activity extendsinto the period immediately following
eachtrial, when noinputs are presente@again for 1000
learning cycles). The learningite parameters fanput—
hidden and hidden—outpunits are both 0.85when ahid-
den unit is active and has a positive ereml 0.001 when
it is not. Theparametefor bias—hidden changes 13.25
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Figure 3. Empirical and simulated data for the
retrospective revaluation contingencies.

when ahiddenunit is active, 0.00when it isnot. Thus
we make thaeasonableassumption thathangesdue to
learning take place fastéhan changes inmemory, i.e.
learning representsapid acquisition,and memory repre-
sents a more gradual decline in retrievability.

What predictionsloesAPECS make for other contin-
genciesused inour experiment? Easiest tnderstand is
the BB Pre-exp contingency. On tlpee-exposurdrials,
there is no error othe output unit(whether ornot the
outcome occurs isiot known). Given that it is output
error that drives learning iarror-correctingnetworks,this
lack of error means that there is dove to form associa-

tions. Hencethe cues involved in these trials remain un-
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Figure 4. Empirical and simulated data for the backward-
conditioned inhibition contingencies.

In conclusion then, it seems thabdified SOP isable
to explaincertain retrospective effects luman causality
learning on a coarse scale, but that the explanaffered
for these effects (novel learning about absent cues follow-
ing retrievalvia within-compound associationglpes not
stand up to closer scrutiny. Waemory-baseexplanation,
with retrospective effectamanifest as changes in re-
trievability ratherthan new learning about absent cues,
shows betteragreementwith empirical data, and may
prove a more fruitful approach for future investigation.
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