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Multiple Cue Extinction Effects on Recovery
of Responding in Causal Judgments

Steven Glautier and Tito Elgueta
University of Southampton, U.K.

Many experiments have demonstrated recovery ohguished responding following a context

change and some experiments have shown that éatinct multiple contexts can reduce this

response recovery. We report two additional expemisy which both showed reduced response
recovery following extinction in the presence of ltiple partner cues. These experiments also
showed reduced response recovery following acdprisin the presence of multiple partner cues.
The effect of the multiple extinction treatment wagsent in tests carried out in presence of the
original training cue (ABA design) as well as iretpresence of a novel test cue (ABC design),
suggesting the effect was mediated by the asseeiatrength of the target cue, rather than by the
strength of the partner cue. However, the effechefmultiple acquisition treatment was only présen

in the ABA design, suggesting this effect was medisby the associative strength of the partner
cues, not by the strength of the target cue.

Pavlovian conditioning is a basic adaptive learningchanism that is
found throughout the animal kingdom. It has beemdisd intensively with
invertebrates (e.g., Kandel & Schwartz, 1982) aedebrates, including humans
(e.g., Hugdahl & Ohman, 1980; Rescorla, 1988). $bepe of the analysis to
which the basic paradigm has been applied has bé&sn extended from
conditioning of simple behavioral responses todbgnitive processes underlying
prediction and judgment (e.g., Shanks & Dickinsd®87). Presumably the
ubiquitous nature of this adaptive mechanism stigam the common problem of
all organisms, to adjust their behaviors in respdosnvironmental conditions.

However, although Pavlovian conditioning is essgrftr survival, it has
also been implicated in the development and maamesm of a number of
important clinical conditions, including phobiasdaaddictions (Wikler, 1948;
Wolpe, 1958). In both cases conditioned responsessaid to be the basis of
characteristic motivational and behavioral changes. phobias, fear and anxiety
responses are elicited by phobic stimuli whereaaddiction, drug-related cues
elicit various responses which may be experiencedceaving”. Given these
similarities it is not surprising that treatmentvl been developed to extinguish
these conditioned responses. Such treatments aremaoly known as cue-
exposure therapies and usually involve exposutbddarget stimulus (e.g., spider
or alcoholic drink) so that any reactions eventuaecline. However, reviews
indicate that there is a contrast in the effectdgnof cue-exposure treatments for
phobias and addictions; cue-exposure for phobiasstablished and effective
whereas for addiction evidence is lacking (Chanth&©llendick, 2001; Conklin
& Tiffany, 2002; Foa, Kozak, Tuma, & Maser, 198Hgvertheless, in both cases,
suggestions for improving treatment effectivenessehbeen geared towards
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reducing recovery of responding to the target wiés encountered once again
outside of the extinction context. We briefly renvievidence for the importance of
response recovery in relapse and evidence forftetigeness of multiple context

extinction technigues to reduce response recowaty.then describe two new

studies. There already exist some studies whichesigextinction of target cues in
multiple contexts can reduce response recovery.n@wr studies demonstrate that
extinction in the presence of multiple local cuedher than global contexts, may
also be sufficient to reduce response recovery.

Experimental studies of learning with animals andnhns, as well as
clinical studies of relapse, suggest that recowaryesponding may limit the
effectiveness of cue-exposure treatments. For elearaping rat subjects, Bouton
and King (Experiment 1) paired a tone with elecBiwck in context A, then
extinguished responding to the tone in contextrigl #nally re-presented the tone
in context A. Although extinction appeared sucaodsisf context B with a marked
reduction in responding over trials, respondingoveced on return to A, the
original training context (Bouton & King, 1983). &MABA design used by Bouton
and King has potentially important implications fare-exposure therapies owing
to the parallels between their procedure and tlesemight be followed in cue-
exposure treatments. For example, in one studyuefexposure for alcohol
dependence, patients were removed from their dajayoenvironments (context
A), received cue-exposure in a hospital settinqii@xt B), and then returned to
context A after treatment had finished (Drummondagautier, 1994). Although
Drummond and Glautier found some evidence for gebetutcome for the cue-
exposure treated group over a control group, tfeeesfwere not large. Bouton and
King's data suggest that responses to drink-relatgss might well have been
subject to recovery on return to context A and thesy have served to undermine
the intended therapeutic goals of the cue-expdsea¢ment.

More direct evidence for response recovery has loddained in some
clinical studies (Collins & Brandon, 2002; MinekdJystkowski, Hladek, &
Rodriguez, 1999). After cue-exposure based redudfdear responses to spiders
in spider phobics, Mineka et al. found greater vecy of fear responses one week
later if responses were tested in a different reorhat used for the cue-exposure
treatment. Using a much shorter interval (25min)li@® and Brandon (2002)
found a similar result with a sample of moderatéeéavy social drinkers. They
observed greater recovery of salivary and urgeoredipng to an alcoholic drink
cue in a test following a period of cue-exposuréhé test was carried out in a
different room from that in which exposure had beamnried out. Although of
interest these studies are of limited value bec#usg did not actually condition
participants. Therefore we cannot be sure whetheerare dealing with context
affecting recovery of conditioned responding or soother phenomena (e.g.,
context switch producing dishabituation).

However, building on numerous studies of respoesevery in animals
(e.g., Bouton & King, 1983; Grahame, Hallam, GeigrMiller, 1990; Nelson,
2002) there is now a growing number of carefullptcolled experimental studies
of response recovery in humans. These demonstratext dependent recovery of
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conditioned responding and provide a basis forilgetatudy of its mechanisms. A
variety of paradigms have been used indicatinggdéneerality of the phenomena.
Garcia-Gutierrez & Rosas (2003) used causal judtgnedavermans, Keuker,
Lataster, & Jansen (2005) used conditioned suppresd an operant response,
whereas the studies of Vansteenwegen et al. (2@@8)Vervliet, Vansteenwegen,
Baeyens, Hermans, and Eelen (2005), both usedcskiductance conditioning.
The advantage of these experimental studies iadhliional control afforded in
the learning, extinction, and testing phases. kample, although ABA designs
are analogous to what might occur in clinical aggiions of cue-exposure
treatment their interpretation is complicated by féct that the associative strength
of the test context might mediate response recoyBouton & King, 1983).
Different design possibilities allow tests for thisor example an ABC design in
which the final test is carried out in C, an asateely neutral context, can be
used. It is noteworthy that Havermans et al. (208i6) not observe recovery
effects in an ABC design whereas animal studies hdemonstrated recovery
effects in ABC designs (e.g., Bouton & Bolles, 1p7Bxperimental studies can
also be used to evaluate suggestions to reducevamceffects, and thereby
improve outcomes after cue-exposure and one sugdestion is to conduct cue-
exposure in multiple contexts (Conklin & Tiffany0@2; Mineka, et al., 1999).

What is the basis for the suggestion to use mehgpintext cue-exposure
and is there any evidence that this type of proeeduight reduce response
recovery? The objective of cue-exposure in multipntexts is to increase
generalization of treatment gains beyond that wkimhid be achieved by therapy
conducted in a single context. There are seveedlrétical mechanisms that could
operate to produce benefits for exposure in maltquntexts. First, based upon the
principle that non-reinforced exposure to a targe¢ (phobic or drug-related
stimulus) creates an ambiguity in the meaning at tue which is resolved by
context (Bouton, 1988, 1993, 1994) exposure therapyultiple contexts could
increase the number of control, or occasion-setlegnents (Holland, Commons,
Herrnstein, & Wagner, 1983), that gate an inhilyittnk between representation
of cue and outcome (e.g., sight of cigarette afectf of nicotine). Second, non-
reinforced exposure to the target cues should eethe associative strength of the
target cues but according to at least one dominmanttel of associative learning
(Rescorla & Wagner, 1972) should reduce the asheeiatrength of all stimuli
that are actually present. Thus, associatively rabstimuli that are introduced
with the therapeutic context could become inhilyit@nd protect the target
stimulus from extinction (Lovibond, Davis, & O'Flaty, 2000). Each time
extinction is conducted in a different context sopretective inhibitory stimuli
will be absent, removing some protection from esttom, and allowing more
complete extinction of the target cues. Finallyd grarticularly in the case of
addiction where drug taking can occur in many défe situations (Drummond,
Tiffany, Glautier, & Remington, 1995), there may ipany different target cues
which have acquired associative strength and wisbbuld be subject to
extinction. Use of multiple extinction settingsoise way to maximize sampling of
these targets.
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Although there are several possible mechanisms hjchy multiple
extinction contexts might produce more robust etiim, there is surprisingly
little evidence for this happening. Three studiethwats produced a mixture of
evidence. In a flavor aversion study Chelonis efalnd that extinction in three
different contexts resulted in more consumptiortha illness-paired flavor on a
test in the original context (ABA design) than digtinction in a single context
(Chelonis, Calton, Hart, & Schachtman, 1999). UsamgABC design, Gunther,
Denniston, and Miller (1998) reported less suppoessf drinking in thirsty rats
after presentation of a shock-paired conditionedwdus (CS) if that CS had been
extinguished in three different contexts than Haid been extinguished in a single
context. Running against both of these resultsngussuppression of food
reinforced lever pressing by a shock-paired CS,t@oet al. found no evidence
for reduced recovery following multiple context iextion using both ABA and
ABC designs (Bouton, Garcia-Gutierrez, Zilski, & btty, 2006). In humans,
Pinefio and Miller studied ABC recovery in a causalrning scenario in which
participants had to learn which cues enabled tleeradcue refugees in a computer
game setting (Pinefio & Miller, 2004). Once partits learned which cues
signaled their rescue attempts would be succefsfae cues were extinguished in
the original learning context, in a new context,imrthree new contexts. In a
recovery test, extinction was found to be more sbbollowing the multiple
context extinction treatment. However, most regemtleumann, Lipp, and Cory
(2007) did not find any evidence of recovery reductafter multiple context
extinction using a shock expectancy conditioningcpdure and an ABA design.
The data on effects of multiple context extinctamreduction of recovery is also
mixed when clinical studies are considered. Twalistwith spider phobias have
found an advantage of multiple context exposurer ®@iegle context exposure
(Rowe & Craske, 1998; Vansteenwegen, Vervliet, ilwgr Baeyens, Van den
Bergh, & Hermans, 2007). In contrast, Lang and Kxa®000), using subjects
with fear of heights, did not find any advantagehie multiple context condition.

The current studies set out to continue the exptoraf recovery effects
in humans, and to further investigate the multipdatext extinction effects that
have been reported. One novel feature of the axpeaits that we report is that we
explore recovery effects following manipulation discrete local partner cues
whereas previous studies have focused on globabxisn(e.g., rooms). A detailed
discussion of the local/global cue distinction &tnd the scope of this paper (but
see Galllistel, 1990 for an account of global geoimeues) but we note that when
contexts have been manipulated in previous stuglieisal cues (e.g., shape of
room) have been changed alongside various loctlrisa For example, Gunther
et al.’s (1998) contexts differed in overall sham®mmetry, as well as in terms of
more local cues, including the materials used Herftooring and walls. Thus, we
consider whether or not recovery effects can beaiobt by manipulation of
discrete local partner cues, as opposed to globaiegts. In addition, we ask
whether or not extinction in the presence of midtipartner cues can reduce
response recovery. Finally, a particular focus lbis tinvestigation was the
additional examination of multiple acquisition cdti@hs. As mentioned above,
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particularly in the case of addiction, the targehdwior is likely to occur in many
different contexts and in the presence of manyreisccues (Drummond et al.,
1995). Discussion of the potential effects of nméi context extinction is
explicitly based upon the idea that learning (estton) may be more robust and
show greater generalization to new settings. Howeiteseems possible that
multiple context acquisition might also be more usib(Chelonis et al., 1999;
Schmidt & Bjork, 1992). The immediate implicatioor fthe current discussion is
whether or not any advantage of multiple cue ektincis present under single as
well as multiple acquisitions conditions. In Exmeent 1 single and multiple
extinction conditions were compared after learnimg a single acquisition
condition, and the effect of extinction in the mese of a single partner cue was
examined after single and multiple acquisition ¢bods. In Experiment 2 single
and multiple acquisition conditions were combinedtérially with single and
multiple extinction conditions. Experiment 1 used ABA design whereas
Experiment 2 incorporated ABA and ABC designs.

Experiment 1

This experiment and the next examined the effe€texposure to single and

multiple partner cues during acquisition and extorcphases of a causal judgment
task. Recovery of responding to a target cue aanatibn of its partner cue

treatment was the primary focus. All experimentsreve@pproved by the

Southampton University School of Psychology Eti@csnmittee.

Method
Participants

Twenty-one participants took part after respondiogadvertisements posted on the
University of Southampton campus and word-of-morgfuests. They received course credit on
completion. Their average age was 22 years anditiceyded four males.

Apparatus and stimuli

During the experiment participants operated IBM-patible PCs with 17 (38.1 cm) inch

color monitors running in 800 (width) x 600 (heigptxel resolution. Stimuli serving as cues were 26
images of various cakes and sweets (e.g., candgrbeream cake) or 26 images of various cheese
and mushrooms (e.g., shitake mushroom or cheddsaseh depicted in 100 x 100 pixel, 8-bit color
bitmaps that occupied squares with 3 cm (approxjnsities that were presented in the top half of
the screen, centered horizontally. Presentaticach cue was accompanied by a 1s auditory alerting
bleep. Outcome information and instructions durihg rating phases were presented in the lower
part of the screen.
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Design, procedure, and analysis

On arrival participants were given a brief verbescription of the procedure before reading and
signing a consent form. Before starting the expenitiparticipants were given a more detailed verbal
description of the procedure. This information wpsesented once again, on-screen, when
participants were asked to read the following dpson before starting:

In this experiment your job is to learn the extémtwhich each of
various foods produce sickness. You play the rofeaodoctor
investigating recent reports of food poisoning. Toed poisoning is
believed to be linked to cheese and mushropsnsakes and sweets]
purchased at a local market and in order to tr&ek gource of the
poisoning you have interviewed people who havertgeaten various
cheese and mushroonjsr cakes and sweets] purchased from the
market. You are reviewing the information you hawélected on a case
by case basis. For each case you have informatiamhich foods were
eaten and whether or not the person was well arafter eating. Your
job is to learn the extent to which each of thed®might be a cause of
sickness. Note, the sequence of trials is randardgred so you can
only predict sickness by learning about the fo@ang themselves. At
various points you will be asked to indicate whatilyJudgments are.
When you have to make a Judgment this will be digthan the screen.
All you have to do is follow the onscreen instroos and enter a
number that reflects your Judgment. Instruction$ lvd given on how
to make your rating, please take care to read fathe instructions
carefully. Once you have made your judgment preggm to carry on.
Press a key to continue.

All participants were then presented with two bdi 96 trials. Each block was divided
into two stages. Stage 1 consisted of 24 acquisttials plus 24 “filler trials”. The filler trialsvere
included so that there was a mixture of non-recgdrand reinforced trials. Stage 2 consisted of 24
extinction trials and 24 filler trials. Within eactage the order of trials was randomized separatel
for each participant subject to the constraint timimore than six trials of each type could oceur i
sequence. Procedurally, each trial started with pr@8sentation of food stimuli. The screen was then
cleared and outcome information was shown for Bg dutcome information consisted of the words
“After eating this food the person was:” followey @ither “well” or “SICK” according to the design.
Reinforced trials were designated “SICK” and nomfi@ced trials were designated “well.” The
screen was then cleared for a 1s interval befaaéxt trial began.

Participant ratings of the extent to which the eas foods caused sickness were obtained
during test trials that occurred immediately afiéige 1 and after Stage 2 of each block. On falt tr
items were presented accompanied by the followisgructions:

To what extent do you think this fodar these foods] would cause
sickness? Use a scale of 0 to 100. 0 means “natisec’ 100 means
“very strong cause.” Use any number 0-100 to make yating.

The food remained on display until the judgment wede and the next test trial followed after a
delay of 1s.

All participants were tested under conditions gfgiamgle acquisition and single extinction
contexts (SASE), (b) single acquisition and mugtipitinction contexts (SAME), and (c) multiple
acquisition and single extinction contexts (MASEhese treatments are illustrated in Table 1. In
Block 1 half of the participants received SASE é®AME trials (columns 2 and 3 of Table 1)
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whereas the other half received SASE MWSE trials (columns 4 and 5 of Table 1). Partiits
presented with SASE and SAME trials in Block 1 reed SASE and MASE trials in Block 2.
Participants presented with SASE and MASE trialBlock 1 were presented with SASE and SAME
in Block 2. All participants were also exposed wm tdifferent types of foods; cakes and sweets &
cheese and mushrooms. If cakes and sweets wereruBéack 1 then cheese and mushrooms were
used in Block 2 or vice-versa. The assignment afdfdype to block was arranged in a
counterbalanced fashion across conditions. For @acticipant the particular images assigned to
different cue functions were selected at randommftioe available pools of 26 items.

Referring to Table 1 to illustrate the SASE and FAkbnditions, two target cues (A and
B) were reinforced in Stage 1 and non-reinforce8tege 2. During Stage 1 A always occurred in the
presence of another food (E) serving the role ofnea cue whereas F served as the partner for B.
During Stage 2 A and B were extinguished. Extinttaf A took place with a single partner K,
whereas extinction of B took place with multiplerfpars L, M, and N. The filler trials presented
during the acquisition and extinction phases ofcBl and Block 2 consisted of 12 UV-, 6 WX-, and
6 WX+ trials.

Test trials were carried out at the end of Stagend at the end of Stage 2. As with the
learning trials, test orders were randomized seglgrdor each participant. At the end of Stage 1
ratings were obtained for compounds AE, BF, CG, @Bhidand for filler items UV and WX. At the
end of Stage 2 A, B, C, and D were again rated thiglir original training partners (AE, BF, CG, and
DH). These tests were for recovery of respondingB AC, and D were also rated in their extinction
contexts (AK, BL, CO, and DP). Thus, for cues Avilz haveABA designs. In the cases of A, C, and
D the extinction phase was carried out with a nggrtner whereas extinction of B was carried out
with three partners. In the cases of A, B, and Quaition was carried out with a single partner
whereas for D, acquisition occurred with three ipeng.

Data from Test 1 was subject to a preliminary asialyto determine whether or not
participants had successfully learned the conticigsnthat were in force during Stage 1. A 4 (Cue:
AE/CG, BF/DH, UV, and WX) x 2 (Condition: single qgsition or single extinction) repeated
measures analysis of variance (ANVOA) was compuida principal analysis was carried out on
the data from Test 2. The aim was to assess whethet there was a recovery effect. This would be
revealed in a difference in response to targets pr&sented with different test partners. We also
tested whether any recovery effect varied as atifomof single and multiple partner exposure and/or
as a function of the location of the multiple parttreatment. The data was subject to a 2 (Comditio
single acquisition or single extinction) x 2 (Partnsingle or multiple) x 2 (Test: extinction or
recovery) repeated measures ANOVA. Follow-up tstegtre used where appropriate.

Tablel

Sngle and multiple partner-cue treatments during the acquisition and extinction phases of
Experiment 1. Plus signs indicate reinforced trials, minus signs, non-reinforced. Numbers in
parentheses indicate the number of trials of each type.

Condition
Single acquisition Single extinction
Single extinction  Multiple extinction Single adsition  Multiple acquisition
Stage 1 AE+ (12) BF+ (12) CG+(12) DH+ (4)
Acquisition DI+ (4)
DJ+ (4)
Stage 2 AK- (12) BL- (4) CO-(12) DP- (12)
Extinction BM- (4)
BN- (4)
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Results

The preliminary analysis of Test 1 data with a 41€Cx 2 (Condition)
repeated measures ANOVA produced a significantcefié cue F(3,60) = 226p
< 0.001), a significant effect of conditiof(,20) = 5.98,p < 0.05), but no
significant interaction K(3,6) = 1.57). The effect of cue was produced by
differences in ratings for foods associated withffedént reinforcement
contingencies. The average of AE and CG, of BF@Hdand of UV and WX had
means of 95.8, 91.9, 50.0, and 6.0 respectivelyes&hratings showed that
participants had learned the contingencies thag weforce for the different cues.
Follow-up t-tests showed significant differenceswmen all pairs except AE/CG
and BF/DH {s(20) > 9.9,ps < 0.001). The effect of condition was caused by
higher overall ratings for the cues in the singtguasition condition than in the
single extinction condition: The means were 638 38.7, respectively.

The data from Test 2 was subject to a 2 (ConditioRYPartner) x 2 (Test)
repeated measures ANOVA. This produced a signifieffiect of test ¢(1,20) =
41.6,p < 0.001) indicating recovery: Ratings for cues wtithir extinction partners
(AK/BL/CO/DP M = 8.45) were lower than in with acquisition parter
(AE/BF/ICG/DH M = 55.1). Critically, the analysis also revealed ignisicant
Partner x Test interactior-(1,20)=12.8,p < 0.01) showing that the size of the
recovery effect varied as a function of whethenor the cue had been presented
with multiple partners. It did not matter whethée tmultiple partner treatment
occurred during acquisition or extinction; no thregy Condition x Partner x Test
interaction was presenf(l,20) < 1.0). No other effects emerged except tterte
was a marginal effect of partné¥({,20) = 4.08p = 0.06) that suggests the overall
ratings during Test 2 were lower for the compouadstaining B and D, which
had been exposed to multiple partners either dutiegacquisition or extinction
phase.

Figure 1 illustrates the Partner x Test interactiollow-up t-tests showed
a significant increase$s(20) > 5.3ps < 0.001) between extinction and return to
original acquisition compounds for the single parttAK/CO < AE/CG) and for
the multiple partner conditions (BL/DP < BF/DH). e were no differences at
extinction (AK/CO = BL/DP) but there were differe@gwith the original partner
(AE/CG > BF/DH) (s(20) = 1.2 and 2.9s = 0.26 and < 0.01, respectively).
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Figure 1. Data from Experiment 1 showing that there was allemrecovery effect when changing
between extinction and acquisition if the targez bad been paired with multiple partners than when
paired with a single partner, whether or not midtigxposure occurred at acquisition or at extimctio

Experiment 2

Experiment 1 appeared to show that response recowas affected when
a cue had been experienced with multiple partnewst After extinction, pairing
with the original partner produced an increase esponding. This effect was
reduced if the target cue had been paired withiptelpartners, whether or not this
had been during acquisition or during extinctios. iAdicated in the introduction,
there were some grounds for suspecting less regdokbowing multiple partner
extinction. However, although there is limited data this point, the opposite
expectation was in force for the multiple partnegusition condition but no
evidence for this type of interaction was found.

The current experiment was run with the intentidnreplication and
further exploration of the results of Experimentriparticular recovery tests were
carried out, not only in the original partner cuiest also with novel cues in order
to assess the strength of the target cues withioait influence of possible
differences in strength of the partners inhererABA designs. Therefore, during
Test 2, additional tests were carried out to imgetranABC design. In addition,
tests of the partner cues were carried out in timpldo independently assess their
strength. Finally, the design of Experiment 1 wateieded to allow assessment of
the effects of multiple partner exposures occurringboth acquisition and
extinction phases.
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Method

Differences from Experiment 1 are noted below.
Participants

Twenty participants took part. Their average age ®4 years (range 18-30) and they
included three males.

Design and analysis

After introduction to the experiment all particigarwere presented with two blocks of 64
trials. The overall number of trials in each blae#s reduced from the number used in Experiment 1
by only including eight filler trials (4 UV-, 2 WX-and 2 WX+) in each stage. All participants were
tested in a fully within subjects crossing of twaxctors, single and multiple partner conditions at
acquisition and extinction. Table 2 illustrates tfesign. Columns two and three of Table 2 show the
single extinction partner conditions. Both cuesrl 8 were extinguished in Stage 2 with a single
partner. Cues A and B differed, however, in theiatment during Stage 1. Stage 1 acquisition for A
occurred with a single partner, whereas for B agitjoh occurred with three different partners.
During Test 2 both cues were tested with theirnetibn partners (M/N) and with their original
partners (E/F) for one test — tABA design. Both cues also had tests carried outavitbvel partner
(Y) to make theABC design. Columns four and five of Table 2 illustrahe multiple extinction
partner conditions. Cues C and D were both extsiged with multiple partners but they differed in
their acquisition treatment. Acquisition for C wasth a single partner whereas for D multiple
acquisition partners were used.

A preliminary 2 (Acquisition: single or multiple) 2 (Extinction: single or multiple)
repeated measures ANOVA was carried out on tesisiteE, BF, Cl, and DJ using Test 1 ratings to
examine the equivalence of the conditions afterusitipn. This was followed up by two main
analyses comprising two 2 (Acquisition: single aultiple) x 2 (Extinction: single or multiple) x 2
(Test: extinction or recovery) repeated measure©XN. One of these ANOVAs used the original
partner ratings (AE/BF/CI/DJ) for the recovery t@SBA design) the other used novel partner ratings
(AY/BY/CY/DY) for the recovery testABC design). Finally a 2 (Acquisition: single or mplg) x 2
(Extinction: single or multiple) repeated measufd$¢OVA was carried out on the partner cues
(E/FN1J) to determine what role these elements heye had in mediating the results of the ABA
design.

- 263 -



Table2

Sngle and multiple partner-cue treatments during the acquisition and extinction phases of
Experiment 2. Plus signs indicate reinforced trials, minus signs, non-reinforced. Numbers in
parentheses indicate the number of trials of each type.

Condition
Single extinction Multiple extinction
Single Multiple Single Multiple
acquisition acquisition acquisition acquisition
Stage 1 AE+ (12) BF+ (4) Cl+ (12) DI+ (4)
Acquisition BG+ (4) DK+ (4)
BH+ (4) DL+ (4)
Stage 2 AM- (12) BN- (12) CO- (4) DR- (4)
Extinction CP-(4) DS- (4)
CQ- (4) DT- (4)
Results

The 2 (Acquisition) x 2 (Extinction) repeated measu ANOVA
confirmed that the ratings of AE, BF, CI, and DXevequivalent after acquisition.
Neither main effect, nor the interaction, was digant (Fs(1,19) < 1.9). For AE,
BF, CI, and DJ the means were 93.8, 91.5, 96.088r@Irespectively.

Next the Test 2 data was subject to the two 2 (Aitijpn) x 2 (Extinction)

X 2 (Test) repeated measures ANOVAs. The first fwashe ABA design and the
second was for th&BC design. For theABA design the ANOVA showed
significant effects of test and acquisitidfi(1,19) = 24.6p < 0.001 and~(1,19) =
5.38, p < 0.05 respectively). The main effect of test shiweat there was a
recovery effect; ratings were higher with the orai acquisition partners
(AE/BF/CI/DJ) than with the extinction partners (ABN/CO/DR). The main
effect of acquisition showed that there were higlaings for test compounds
AE/AM/CI/CO than BF/BN/DJ/DR, the difference betwethem being that the
latter named had their original acquisition withltiplle rather than single partners.
Importantly, for the hypotheses under test, theafbf test was subject to an
interaction with the acquisition conditioR(€,19) = 7.29p < 0.05) and there was
a marginally significant interaction with the exdiion condition E(1,19) = 3.94p

= 0.06). These two-way interactions, coupled whie tabsence of a three-way
interaction F(1,19) < 1) replicated the results of ExperimentEkposure to
multiple partners, either during acquisition oriestion phases, results in greater
recovery effects.

Figure 2 shows the Acquisition x Test interactianthe first and second
bar pairs. Follow-up t-tests showed significantoraxry effects in both the single
(AM/CO < AE/CI) and multiple (BN/DR < BF/DJ) acqitien partner conditions
(ts(19) > 3.8,ps < 0.01). The single and multiple partner acgoisiconditions
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(AM/CO = BN/DR) did not differ at extinctiort(19) = 0.31) but there was higher
rating on retest with the original partner in thegte condition {(19) = 2.61p <
0.05) indicating more recovery (AE/CI > BF/DJ) img condition. The third and
fourth bar pairs show the Extinction partner x Tieseraction. Follow-up t-tests
showed significant recovery effects in both thegen(AM/BN < AE/BF) and
multiple extinction (CO/DR < CI/DJ) condition$s(19) > 2.76,ps < 0.05). The
single and multiple extinction conditions (AM/BN €0/DR) did not differ at
extinction €(19) = 1.46) and their ratings remained equival@mtreturn to the
original partner(19) = 1.22) indicating equal recovery (AE/BF =[@J) in these
conditions.

mmmm Test with extinction partner
100 ; =—= Test with acquisition partner

80 A
o 60 1
£
IS
ad 40
N i i i
: i
Single Single
acquisition extinction
Multiple Multiple
acquisition extinction

Figure 2. Data from Experiment 2ABA design) showing there was a smaller recovery effec
between the extinction and acquisition if the taigee had been paired with multiple partners than
when paired with single partners. The first andosdcpairs of bars show this effect in acquisition

conditions whereas the third and fourth pairs stteeffect in extinction

For the ABC design the ANOVA produced a significant effect teét
(F(1,19) = 12.9p < 0.01) and a Test x Extinction interactidf(X,19) = 5.02p <
0.05). The effect of test showed a recovery effeotl the Test x Extinction
interaction indicated less recovery under multiplginction partner conditions.
The three-way interaction was not significaift1(19) < 1). Figure 3 illustrates the
Test x Extinction interaction. The two-way intefaotwas explored further using
t-tests. The recovery effect was significant in #iegle extinction condition
(AM/BN < AY/BY) (t(19) = 4.40,p < 0.001) but not in the multiple extinction
condition (CO/DR = CY/DY){(19) = 1.14). Additional comparisons showed that
the two extinction conditions were equivalent (AM{B=- CO/DR) and the two
recovery tests were equivalent (AY/BY = CY/DY)s(@9) = 1.46 and 1.28,
respectively).
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A final 2 (Acquisition) x 2 (Extinction) ANOVA wagarried out on the
partner cues (E/F/1/1J) to determine their role he pattern of data in the ABA
design. There was a main effect of acquisitiéi1(19) = 15.4,p < 0.01) but
neither the effect of extinction, nor the Acquisitix Extinction interaction reach
significance Fs(1,19) < 2.48ps > 0.13). The acquisition effect was produced by
higher ratings for the single acquisition partnaes (E/l) than for the multiple
acquisition partner cues (F/J) with means of 604 28.1, respectively. Returning
to the first two bar pairs in Figure 2, where tlatings with the original partner
were higher in the single acquisition conditionrtha the multiple acquisition
condition, this difference may have been due todifference in the partner rather
than target cues. This is supported by the anabfsike ABC design, where the
Acquisition x Test interaction was no longer sigrgfit, as it had been in the ABA
design analysis. In contrast, the Extinction x Tegeraction was marginally
significant in the ABA analysis and significantthre ABC analysis.

mmmm Test with extinction partner
100 4 === Test with novel partner
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Figure 3. Data from Experiment 2ABC design) showing there was a smaller recovery effec
between the extinction and novel test condition nitee target cue had been paired with multiple
partners than when paired with a single partneingwxtinction.

Discussion

The current report joins the growing body of litera showing recovery
effects in humans (e.g., Garcia-Gutierrez & Ro2&863; Havermans et al., 2005;
Vansteenwegen, et al., 2005; Vervliet, et al., 2G0% adds to those studies which
have demonstrated reduced recovery following mekgontext extinction
(Chelonis, et al., 1999; Gunther, et al., 1998;eRin & Miller, 2004). Taken in
conjunction with clinical studies (Collins & Branalo2002; Mineka et al., 1999;
Rowe & Craske, 1998; Vansteenwegen et al., 20@/etherging picture certainly
warrants serious investigation of recovery effétt®lapse and of the possible role
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for multiple-context cue-exposure treatments. Iditah, it seems as though
similar effects might be obtained if extinctiondarried out in the presence of
multiple discrete cues, as well as multiple corgeit is of interest to establish
what factors may be at work when some studies dfiplercontext extinction
have not shown recovery reduction (Bouton et #062 Lang & Craske, 2000;
Neumann et al., 2007).

It was suggested in the introduction that acqoisitiof conditioned
responding with multiple partner cues or contextsld minimize the effectiveness
of extinction. However, the current experiments nduno support for this.
Acquisition of conditioned responding with multipb@rtner cues was not crucial
as far as target cues were concerned. Althoughh@umt al. (1998) suggested it
may be necessary to maintain a 1:3 ratio of adipmsto extinction contexts for
effective recovery reduction this effect was nagemt in the current studies using
partner cues. Clearly, the reasons for the diffegsrbetween the studies should be
explored as discounting the possible effects oftipial acquisition conditions on
the basis of one positive and one negative resaitldvbe premature. Obvious
differences to explore would include the use of englobal context-cues versus
the partner-cues used in the current studies, udtlae use of an electric shock
versus a relatively innocuous outcome as an untondd stimulus. However, it
was found that multiple-acquisition partners didyplole when an ABA design
was used. Single-acquisition partner cues gainece rstrength than multiple-
acquisition partner cues. The clinical implicatisnthat a target behavior that is
tied to very specific cues may be especially vidbtr to relapse if those cues are
encountered again so steps to deal with this eaéitytishould be considered by
therapists.

Apart from these practical considerations the tbical explanations for
recovery effects have been the subject of conditeerasearch. Bouton has argued
strongly, and provided supporting data, to sugdhat context can work to
produce recovery effects by gating the inhibitosgaciations that are produced
between the target cue and the outcome duringatixtim(Bouton, 1993). Whilst
this mechanism may operate in typical animal stidighere the whole
experimental chamber is changed between experilngméges other mechanisms
may also operate. As mentioned in the introductaoget cues may be protected
from extinction by the growth of inhibitory strehgtof cues present in the
extinction phase, and extinction may only involvesubset of relevant targets.
Recovery effects produced by the latter two medmsiwould fall within the
explanatory reach of standard elemental (Rescorl&v&gner, 1972; Wagner,
2003) and configural (Pearce, 1994) associativeribe and would be likely
applicable to the types of discrete partner cuepl@yad here. Recovery effects
based upon an occasion-setting mechanism wouldreeqdditional theoretical
machinery and may be more likely to involve globahtext cues than local cues.
However, it is also possible that a mixture of agsove and occasion setting
functions can be acquired by stimuli. Bouton andisbie (1994) reported
experiments with rats in which the feature in atdea negative procedure
(T+, LT-) acquired both types of control over resgimg. They used a global cue
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(offset of the houselight in the conditioning chamkbut it seems entirely possible
that local cues of the type used in the currendistucould also carry more than
one function. Nevertheless, the current experimeat$iough demonstrating
recovery effects, do not show which mechanism, @asee or modulatory, was
involved. Whatever the mechanism these data suppertview that recovery
effects could be important in relapse and suggestway to improve cue-exposure
treatment outcomes.

Finally, it is worthwhile mentioning the point ofedarture from the
introduction. There it was noted that Pavloviancpsses play a role in the
development and maintenance of various clinicaldd@ns and this paper has
explored how an analysis in these terms can betosiedestigate a suggestion for
improvements to therapy. We have already brieflgcdssed some of the
theoretical questions of mechanism that remain siwared but what about the
implications for our understanding of the survivabhlue of Pavlovian
conditioning? Bouton has proposed that there isdaptive value in the second-
learned meaning of a stimulus being context-depemnd® that the first-learned
becomes the context-free “default” (Bouton, 1998997). Of course the first-
learned meaning of a stimulus is likely to be thestrfrequent in the environment
so making this the unconditional meaning is efficiéut it won't work in all
situations. Sometimes the least frequent meanirghtmbe wrongly set as first-
learned default. In that case it makes sense &etto be a mechanism by which a
second-learned association can lose its contextelpéndency; exposure to that
second meaning in multiple contexts is a candidagzhanism for loosening
contextual control.
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