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Abstract

Two experiments are reported that demonstrate rate of
leaning in an alergy prediction task can be dfected by
the predictive history of the aies involved, even if that
history relates to oucomes different to those being
currently learned about. Predictive history is defined here
asa we' sprior status as either agood or a poor predictor
of outcomes. Our results are problematic for commonly
employed assciative theories of human contingency
leaning but aso provide evidence for the sort of
asciability-change  process envisaged by the
Madintosh (1975) theory.

I ntroduction

In a ontingency leaning experiment, people ae
presented with various cues that have some form of
predictive relationship to one or more outcomes. A
typicd example is the dlergy prediction task (e.g. Van
Hamme & Wasserman, 1994). In this task, the subjed
is told which foods an imaginary patient has eaen,
predicts whether the patient will show an alergic
readion as a result, and receéves fealbadk on that
prediction. The nature of what has been leaned can
then be probed in a number of ways. For example,
subjeds may be aked for a numericd rating of the
strength of the relationship between cue and outcome
(e.g. Dickinson & Burke, 1996. Alternatively, one @n
record the predictions made by subjeds about a series
of test stimuli (e.g. Shanks, Darby, & Charles, 1998.

In a landmark paper, Dickinson, Shanks and
Evenden (1984 suggested that human contingency
leaning might be eplicable in terms of well-
established theories of animal leaning. They were,
however, relatively agnostic eout the particular theory
to be employed, suggesting the Madintosh (1979,
Peace and Hall (1980), and Rescorla axd Wagner
(1972) theories as likely candidates. As the number of
experiments on human contingency leaning has
increased, so has the list of candidate animal leaning
theories. Whilst the following is by no meas
exhaustive, the use of Peace $1987) configura theory
(e.g. by Shanks, Charles, Darby, & Azmi, 1998, a
modification of Wagner' s (1981) SOP model
(Dickinson & Burke, 1996 and modificaions of the
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MKM model (McLaren & Mackintosh, 2000, are three
notable examples.

It is posdble to identify two main themes in
the empiricd investigation of associative leaning
theories of human contingency leaning. The first is to
provide suppart for the notion that associative leaning
theories provide adistinct and superior acount of the
data to that provided by normative acounts of the type
proposed hy, for example, Cheng and Novick (1992.
Shanks (1995 provides a review of the first decale of
reseach on this issie. This theme is not heavily
represented in the current article, primarily becaise we
consider normative and asciative acounts to be
different levels of explanation rather than diredly
competing acounts. Nevertheless normative theorists
may wish to consider how the results we report can be
acommodated by their theories.

The second main theme (in the empiricd
investigation of associative leaning theories of human
contingency learning) is to attempt to rejed some of the
many competing asciative acounts that have been
proposed. For example, Rescorla and Wagner (1972,
Peace ad Hall (1980), and Pearce (1987) may al be
rejeded in their original form on the basis that a
cue - outcome association can be modulated in the ae' s
absence by training on a different cue with which it was
previously paired. Evidence of such retrospective
revaluation comes from a number of studies (e.g.
Dickinson & Burke, 1996 Le Pelley & McLaren, 200%,
Shanks, 1985 but there is no process by which it can
happen in the aforementioned theories. Further
problems arise from evidence that human contingency
leaning is more resistant to retroadive interference
than most aswociative acounts would predict (Shanks,
Darby et a., 1998.

This mnd theme - the regjedion of spedfic
asciative acounts - continues in the current paper.
We report a @ntingency learning experiment whose
results appea to crede further problems for many of
the dorementioned theories. The topic of investigation
is how a ae' s prior status as either a good @ a poor
predictor affeds the rate & which it forms associations
in future.

Interest in this question dates badk at least as



far as Lawrence's (1949 demonstration that leaning of
a successive brightness discrimination shows paositive
transfer to a simultaneous brightness discrimination.
Lawrence maintained that this result must be due to
incressed attention to the stimuli involved, athough
that interpretation is debatable (see Seigel, 1967).
Subsequent investigations tended to concentrate on
positive transfer to dfferent stimuli on the same
dimension. For example, in the phenomenon of transfer
along a continuum, training on an easy discrimination
(e.g. bladk vs. white) can fadlitate leaning of a
difficult discrimination (two shades of gray) on the
same dimension (e.g. Lawrence, 1952 Madintosh &
Little, 197Q Pavlov, 1927). It is aso the cae that
shifting to a discrimination within the same dimension
is easier than shifting to a discrimination on a different
dimension (Shepp & Eimas, 1964 Wolff, 1967).

In the current experiments, we introduce a
novel design that returns to the issue of the predictive
history of spedfic cues. The basic designis summarized
in Table 1. In phase one, al subjeds are taught that
ead of the aght cue pairs is reliably associated with
one of two dfferent alergies. The wes $own in bold
(A, B, C and D) are dways paired with the same
outcome and are therefore perfedly predictive of the
type of alergic readion. The aies shown in italics (V,
W, X and Y) are paired equally often with each of the
two outcomes and are therefore non-predictive of
allergy outcome.

Table 1: Experimental design

Phase One Phase Two

AX o 1 Predictive group

BX - 2 AB -~ 3, CD - 4 Fami | i ar
AY - 1

BY - 2 KL - 3, MN - 4 Novel
oV o 1 Non- predi ctive group

oV o 2 XY - 3, W 4 Fam liar
CW - 1

DW - 2 KL - 3, W - 4 Novel

In phase two, subjeds are taught about two
compownds whose mponents were previously
experienced in phase one (familiar compounds). They
are dso taught about two compounds whose
components were not previoudy experienced in phase
one (novel compounds). There ae two between-subjed
groups in phase two, the predictive history group and
the non-predictive history group. Note that phase two
employs different alergy types to phase one, and that
al individual cues and their compounds are perfedly
predictive of these novel outcomes. The two between-
subjed groups differ only in the wes history of
predictiveness with previous all ergy types.

We predicted that the rate of learning in phase
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two would be higher for the predictive group than the
non-predictive group. We hypothesized that subjeds
would infer from the aie' s history in phase one that it
was either agood @ poor predictor. This, in turn, would
lead to acceerated leaning towards previously good
predictors and/or retarded leaning towards previously
poa predictors in phase two. Whilst this idea seems
intuitively plausible, such an effed is not predicted by
the associative theories most commonly applied to
studies of contingency leaning in humans. For
example, Rescorla and Wagner (1972) and Pearce
(1987), the two most commonly applied asciative
theories, represent the predictive history of cues lely
by the associations formed between cue representations
and outcome representations. The fad that different
outcomes are used in our two phases would seem to
congtrain both theories to predict no effed. If one
allows for generdization from the outcomes of phase
one to the outcomes of phase two, this does not improve
matters as ead pair of cues in phase two seems likely
to evoke representations of outcomes one and two
equally. For example, the cue pair AB evokes both
outcome 1 becaise of the AX and AY trids, and
outcome 2 becaise of the BX and BY trials.

Our design also defeas explanation based on
the formation of assciations between different cues as
there ae no reliable ale-cue pairs in phase one. Thisis
relevant to, for example, the salience tange process
proposed by McLaren & Macdkintosh (2000 which
relies on the formation of cue-cue asociations. Salience
change processes of this nature therefore do not allow
oneto predict a diff erence between our two groups.

Another important asped of our design is that,
in phase one, ead tria involves one cue that is
perfedly predictive and another that is entirely non
predictive. This causes problems for theories (e.g.
Peace & Hall, 1980) that assume rate of leaning is
determined by the predictability of the cmpound rather
than of the individual cues. Such theories would predict
no dfference between our two groups.

In summary, if the predictive group leans the
phase-two discrimination in fewer trials than the non-
predictive group then this would demonstrate an
intuitively plausible predictive history effed under
conditions where many common theories of human
asciative leaning seem constrained to predict no
effect. Such a demonstration therefore seems of some
theoreticd importance

Experiment 1
Method

Subjects and materials The subjeds were 30 student
voluntees from the University of Exeter. The



experiment was run on a Pentium 1l PC with 17"
monitor. Subjeds were tested individualy in a quiet
cubicle and the monitor was positioned about 80cm in
front of them. Resporses were mlleded via astandard
two-button mouse. The ae names used were: potatoes,
beans, bread, milk, ice aeam, oranges, apples, bananas,
sprouts, swedcorn, mushrooms, carots, pasta,
tomatoes, garlic, onions. The dlergy words used were:
itch, rash, nausea dizzyness. The dlocaion of cue
words and allergies to the logicd design presented in
Table 1 was determined randomly for ead subjed. The
large number of cues and outcomes in our design makes
a ounter-balanced allocaion of cues to the logicd
design impradicd.

Procedure Subjeds were presented with on-screen
instructions that asked them to take the role of an
alergist treating an all ergic patient. They were told that
their task was to predict which alergy the patient would
developif they were exposed to the aes shown.

On ead tria, the two cue words were
presented towards the top d the screen and were
horizontally aligned. The two allergies appropriate for
the phase (i.e. allergies 1 and 2 for phase one, alergies
3 and 4 for phase two) were presented towards the
bottom center of the screen and were verticdly aligned.
In the center of the screen, a large redangle contained
the phrase "Please state your diagnosis'.

Subjeds indicated their diagnosis by clicking
on one of the two alergy words and then clicking an
"OK" button at the battom right of the screen. Feedbadk
was provided by the "state your diagnosis' redangle
turning red and displaying the word "false" or turning
green and displaying the word "corred”. A small blue
arrow indicaed the rred prediction by pointing to the
appropriate dlergy. The subjed moved on to the next
trial by clicking on the feedbad redangle.

The daght trial types for phase one (see Table
1) were presented sequentially and in a random order.
Trial order randomisation was via dght-item blocks,
ead block containing exadly one instance of ead trial
type. Ends of blocks were not signall ed to subjeds.

Training was to criterion - once the subjed had
readed a aiterion of two conseautive arorlessblocks,
they moved on to phase two. Phase one was aso
terminated if a subjed completed 240 trials. At the
beginning of phase two, subjeds were told they were
moving on to a second patient whose dlergies were
different. The four trial types appropriate to the
subjed's group (see Table 1) were then presented
sequentially and in a random order. Tria order
randomisation was via eght-item blocks, ead block
containing exaaly two instances of ead trial type. The
phase two procedure was otherwise identical to phase
one, with training to the same aiterion and termination
of the experiment after the same number of trials.

The left-right position of cue words was
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randomly determined for ead trial and subjed. The
position of alergy words was randomly determined for
ead phase and subjed.

Results and discussion

Six subjeds failed to read criterion in phase one and
hence were excluded from all analysis. A Type 1 error
rate of 5% (a = .05) was used for al statistical tests.

Subjeds in the predictive mndition took a
mean of 10.6 blocks to read criterion in phase 2, whilst
subjeds in the non-predictive condition took a mean of
6.5 bocks. This effed, whose trend is oppaite to our
predictions, did not approach significance, t(22) = 0.98

Facal with this absence of information, we
derived the following post-hoc hypothesis: Given that
al cues are fully diagnostic in phase 2, it would seem
likely that if there ae ay effeds of predictive history
they would be eaiest to deted ealy in phase 2. We
defined “ealy” asthe first block of phase 2.

Figure 1 shows, for ead condition, the number
of familiar and novel stimuli responded to corredly in
the first block of phase two. Analysis of variance with
one between-subjeds variable (predictive history) and
one within-subjeds variable (novelty) confirms that the

observed interadion is reliable, F(1,22) = 8.56.
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Figure 1: Mean number of corred responses in the
first block of phase two of Experiment 1.

Predictive history does not approach significance & a
main effed, F(1,22) = 0.33, and the same is true for
novelty, F(1, 22) = 1.20. Performance on novel
compouwndsis sgnificantly greder in the non-predictive
condition than the predictive mndition, t(22) = 2.14.
The trend to greaer performance on familiar
compownds in the predictive ondition is not
significant, t(22) = 1.44.

These data provide some indicaion that the
rate of leaning in a human contingency leaning task
can be dfected by the predictive history of the cues
involved, even if that history relates to outcomes
different to those currently being leaned about.
However, a aitic might justifiably point to at least three
shortcomings. First, there is no reliable dfect of
predictive history on blocks-to-criterion. Seand the
analysis of block 1 dces not reved any significant effec



for familiar compounds, only for novel compounds.
Third, the coice of block 1 as the unit of analyss,
rather than a small er or larger sub-sedion of phase 2, is
post-hoc and seems a littl e abitrary. Further work was
therefore required to establish the validity of the
hypothesized predictive history eff ect.

Table 2. Design of Experiment 2.

Phase One Phase Two
Predictive group
AB - 3, CD - 4 Fami |i ar
AX 5 1
BX - 2 GH - 3, | - 4 Novel
AY - 1 KL - 3, MN - 4
BY - 2 P - 3, R 4
cv -1 Non- pr edi ctive group
Dv - 2 XY - 3, VW 4 Fami |i ar
CwW .- 1
DW - 2 GH - 3, 1J - 4 Novel
KL - 3, W - 4
P - 3, R- 4

Experiment 2

In our second experiment, we dtempted to make phase
two more difficult by increasing the number of novel
compounds ®e by the subjed to six. Table 2 shows
the modified design. We hypothesized that this design
would increase the likelihood d finding a predictive
history effed as indexed by blocks-to-criterion as it
would slow down leaning in phase two. One likely
side-effect of such a change is that any effeds that may
ocaur ealy on in phase 2 would become harder to
deted as subjeds would be neaer chance (due to the
increased difficulty).

Method

Subjects and materials The subjeds were 51 student
volunteea's from the University of Exeter. Subjeds were
tested in groups of up to 16 using a suite of identical
Pentium 4 PCs with 17’ monitors. Each computer and
subjed was positioned in a different, semi-enclosed
cubicle in a manner such that the subjeds could not
observe eat other. The ae names used were: plum,
dust, pea, apple, grapefruit, lemon, lime, perfume,
tangerine, grape, avocado, pead), polen, melon,
orange, turnip, parsnip, bedroot, carot, paint. The
alergy words used were: itch, rash, nausea dizziness
The dlocdion of cue words and allergies to the logical
design presented in Table 2 was determined randomly
for ead subjed, within the mnstraintsthat a) al cuesin
phase 1 were fruit, b) ead alergy in phase 2 was
asciated with one novel compound of two fruits, one
novel compound of two vegetables, and one novel
compownd of two non-foods. These cnstraints mean
that subjeds sould be roughy comparable in terms of
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how similar novel cues are to cues %en in phase one.
Procedur e Subjeds were famili arized with ead of the
20 cue words by presenting eat of the 190 pssble
pairs of cues in turn and requesting a similarity rating
for ead pair. The rating requested ranged from 1 (“not
similar”) to 9 (“very similar”). The task was if-paced
and order of presentation was randomized for eadh
subjed. The dlergy prediction task immediately
followed. The procedure was identicd to Experiment 1
apart from the greaer number of novel cuesin phase 2
(seetable 2), and that phase 2 was terminated after a
maximum of 160 trials (rather than the 240 in
Experiment 1).

Results and discussion

Twenty subjeds failed to read criterion in phase one
and hence were excluded from al analysis. A Type 1
error rate of 5% (a = .05) was used for al statisticad
tests.

In acordance with our hypothesis, subjeds in
the predictive condition reached criterion in phase two
significantly more quickly, t(29) = 2.78, predictive
condition mean = 1335 Hocks, non-predictive
condition mean = 1821 Hocks. The dfed remained
significant when assessed non-parametricdly, Mann-
Whitney Uy4,7 = 60. These data provide further support
for the ideathat rate of leaning can be dfected by the
predictive history of the cues, even if that history relates
to outcomes different to those currently being learned
about.

We dso anadyzed propation of corred
responses over the first sixteen trials of phase 2. This
corresponds to the sub-sedion of the data analyzed for
Experiment 1 in the sense that it includes the first two
occurrences of each trial type in phase 2. It is aso the
largest data set over which propartion corred can be
cdculated in an unbiased way due to our criterion-
determined termination of phase 2 (from tria 17
onwards, some subjeds may have @mpleted the
experiment). However, analysis of variance failed to
reved any significant main effeds of predictive history
, F(1,29) = 0.12, or gtimulus type, F(1, 29) = 1.12, in
this data set. The interadion term did not approac
significance F(1,29) = 0.16.

One reason for the asence of any significant
effects ealy in training may be that the increased
difficulty of this variant of the task means that very
little is leaned in the first two presentations of each
trial type.

General discussion

The present findings indicate that the rate of leaning in
a ontingency leaning task can be affected by the
predictive history of the cues involved, even if that
history relates to autcomes different to those arrently



being leaned about. This effed was demonstrated
under conditions where a number of commonly
employed theories of asociative leaning seem
congtrained to predict the ésence of an effed (eg.
McLaren & Mackintosh, 200Q Rescorla & Wagner,
1972 Peace 1987, Peace & Hall, 1980).

Le Pelley & McLaren (2003, using a design
similar to and diredly inspired by our procedure, have
subsequently demonstrated that a similar effed can also
be found if one employs rating scades rather than trials-
to-criterion as the dependent measure. Taken together,
their study and ours provide strong empiricd suppart
for the redity of a predictive history effed in human
contingency judgments.

Le Pelley & McLaren (2003 aso suggest a
medhanism for the production of such an effed based
on the Mackintosh (1975 theory of assciative
leaning. In this theory, associations are aumed to
form between each cue and outcome. Asciative
strength changes acordingto the rule

AVA=0a0(A-Va) 1)
where V, isthe agciative strength between cue A and
an outcome, o, is the associability of cue A, 8 isa
fixed leaning rate parameter and A is the limit of
aswciative strength. The aie-spedfic associability
parameter a is not fixed; its value varies on each trial
acording to the aue's predictiveness Spedficdly, Aaa
ispositive if

OA-VaO<Oh-VxO (2
and negative otherwise, where Vy is the sum of the
asciative strengths of al cues other than A present on
thetrial.

Applying the Madkintosh (1975 theory to our
experiment, phase one training should result in the
asciability of cues A to D being higher than the
asciability of cues V to Y because cues A to D
perfedly predict their outcome axd so will aoquire
greder asciative strengths. This, in turn, will lea to
Vy being smaller than V5 for predictive mompounds and
equal to V, for non-predictive compounds, resulting in
asciahility changes via Equation 2. In phase two, this
will result in the faster leaning to familiar compounds
in the predictive group than in the non-predictive group.
Such atrend is observed, albeit non-significantly, in the
first block of phase two of our Experiment 1 and could
plausibly underlie the effect, in our Experiment 2, that
the predictive group reades criterion faster in phase
two than the non-predictive group. Kruschke (2001 has
recently proposed a model which, as he notes, is under
certain conditions drikingy similar to the Madkintosh
(1975) theory.

Whilst Le Pelley & McLaren's result, our
trend with famili ar compounds in Experiment 1 and our
trials-to-criterion difference in Experiment 2 can al be
potentially explained by the Mackintosh (1975 theory,
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an dternative explanation in terms of proadive
interference (Underwood, 1957) isalso passble.

In phase one, cues are aciated with outcome
1, outcome 2 o both. In phase two, these pre-existing
asciations might proadively interfere with the
formation of associations in phase two, hence retarding
the rate of leaning. The non-predictive group is
retarded more than the predictive group becaise, in the
former, eadh cue has two pdentia sources of
interference (e.g. X - 3 recaves interferencefrom X - 1
and X - 2) whilst, in the latter, ead cue has just one
source of interference (eg. A-3 just receves
interference from A - 1). The validity of this argument
rests on the assumption that it is the number of sources
of interference rather than the number of times each
source occurs, which is the dominant effed. If one
assumes that strength of a memory is an increasing,
negatively accderated function of number of
presentations then number of sources will dominate
number of presentations. An increasing, negatively
accéerated function is consonant with the asumptions
of most associative learning theories.

This proadive interference eplanation does
not appea to acournt for the d€fed we observed for
novel compounds. In contrast, it seems possible that the
Madkintosh (1975 theory can acount for this effed if
one employs a dightly more wmmplex version of the
theory also dscussed in the Madkintosh (1975 paper.

Madkintosh suggests that the dange in
asciative strength between a presented cue and an
outcome generali zes to other cues to the extent that they
are similar to the target cue. Spedficdly, in the spedal
case of an experiment with just two cues,

AVg=SagapaB (A -Va) ©)
where Vg is the associative strength of the ae danging
through generdlization (cue B), and Sy g represents the
simil arity between cue A and cue B. With regard to our
Experiment 1, two important aspeds of our design need
to be underlined. First, the outcomes in phase two are
different to those in phase one. We asaume this means
that V, is zero for al cues at the start of phase two.
Sewnd, al cuesin phase two are perfedly predictive of
their outcome so cues in phase two do not differ in the
A - Vaterm of Equation 3. Finally, all cues are assumed
to be, on average, of equal similarity to ead other due
to the randomized alocaion of cue names to our
design. It is therefore only the a, term of Equation 3
that determines the extent to which the change in
asciative strength between a presented cue and an
outcome generalizes to other cues. The o, terms for
cues are determined by their prior predictive history in
phase one.

In summary, the aiticd prediction of Equation
3 is that changes in aswociative strength in phase two
generdize more dfedively from cues with high



aswciability than from cues with low assciability.
Therefore, KL and MN receve more generdized
change in asociative strength from AB and CD in
group predictive than they do from XY and VW in
group non-predictive. Receiving more generalized
asciative strength retards leaning in this instance
becaise generalization will occur equaly to cues with
the same outcome & the target cue and to cues with a
different outcome than the target cue. Under a variety
of performancerules, including theratio rule, difference
rule and a winner-take-all system, adding an fixed
amount to al aswciative strengths reduces resporse
acaracy (see eg. Wills, Reimers, Stewart, Suret, &
McLaren, 2000. One may therefore predict that the
novel compounds in our experiment will be responded
to less acaurately in the predictive group than in the
non-predictive group which is, of course, what is
observed. Whilst generalized changes in associative
strength from KL and MN will also retard learning of
the familiar compounds AB, CD, XY and VW, the
amount of retardation is predicted to be equivaent in
bath conditions. In summary, then, our effed with
novel cues, athough based on a post-hoc analysis of the
data, nevertheless provides ome evidence that may
favor the Mackintosh (1975 account over an acount
based on proadive interference

Thus far, the reader might be left with the
impresgon that, from the plethora of associative
acounts avail able, the Madintosh (1975 theory is the
only adequate associative model of contingency
leaning in humans. Such an impression would be
inacarate due to the model’s inability to acount for
retrospedive revaluation effeds (e.g. Dickinson &
Burke, 1996 and for results that imply a role for
configural processng (e, Shanks, Charles et 4.,
1998). Nevertheless, from the dternatives considered,
the Madintosh (1975 theory seems to provide the
most adequate acount of the sort of predictive history
eff ect demonstrated in the aurrent experiments.
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