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Abstract

Rationale Associative learning underpins behaviours that are fundamerited to
everyday functioning of the individudtvidencepointing to learning deficitin recreational
drug users merits further examinati@bjectivesA word pair leaning taskwas
administeredo examine associative learning processescstasy/polydrug usenglethods.
After assignment to either single or dividattiention conditions, 44 ecstasy/polydrug users,
and 48 nonusemserepresented with 80 word paias encodingFollowing this,four types of
stimuli werepresented at theecognition phase; the wordsoriginaly paired(old pairs),
previously presented words in differeninpags (conjunction pairs), old words paired with
new words, and pairs of new words (not presented previously). The task was to identify
which of the stimuli were intact old pailResults Ecstasyploydrug users proded
significantly more false positiveesponses overall compared to nonudegeasedongterm
frequency of ecstasy useas positively associated with theopensity to produce false
positive responseff. was also associated with a more liberal signal detection tii8br)
decision criteion value.Measures of long term and recent cannabis use were also associated
with these same word pair learning outcome meas@agunction word pairgirespective
of drug usegenerated the highest level of false positive respasgsignificantly rore
false positive responses were made in the DA condition compared to the SAoctonditi
ConclusionsOuverall, theresultssuggesthatlong-termecstasy exposure may induce a deficit
in associativéearning andhis may bean part aconsequence of userdapting a more liberal

decision criterion value.
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Despite the acute positivehavioural and emotional changes that folemstasy
(MDMA) use, users also demonstrate sigatfit impairment on a range of cognitive &sk
includingmeasures of verbaBplla et al.1998;Klugmanet al.1999;McCardleet al.2004)
and nonverbal learning and recall (Klugman et 8999), executive functioningrisk et al.
2004; Montgomert al.2005b)andworking memory (Wareingt al.2004 Morganet al.
2002;VerdejoGarciaet al.2005). As both executive functioning and working memory
underlie associative learning it was suggested that leapnaogsses in MDMA users may
also been impaired.\Mitlence for an ecstasy/polydruglated deficit in associative learning
was observed biylontgomery et al(2005a) and the presguaiper seeks to further explore
this deficit by examiningecognition and associative learnimgVIDMA users.

Associative learing refers toa conscious attentionpfocess wherebgssociationsre
formed betweetwo previously unrelatedtimulus representatiorfMontgomery et al.
2005a) Failure to adequately bind stimuli to form new associations within the context of
their occurence can have obvious implications for the individBglway of illustration, m
the context of learning to drive, we are required to form appropsseciations between
several visual stimuli and specitbehaviours,dr examplewe need tdearn topair ared
traffic light signalwith astop actionWith each association there is a nézfbrm a
connectiorbetween two peviously unrelated stimuli until the required behavibecomes
automatic However the successful learning and acquisitionsotchskills is highly
dependent on the working memory system and executive functions thehais a
requirement for the effective use of strategies andmelffitoring meta processes
(Montgomery et al. 2005a; Tanji and Hoshi 2001). Githext ecstasy use is accompartgd
working memory deficitsNlontgomery et al2005h Morgan et al2002;Verdejo-Garciaet
al. 2005 Wareing et al. 2004), we may expect that ecstasy uskize less able to bind
features of different stimutbgether to form new associatis.

Aside from thaole of the working memory system in associative learnieggearch
suggests thahat theremay be a significant dependencyahroad range gire-frontal
corticaland mediatemporal hippocampaitructuregPassingharet al.2000; Moscovitch
2000; MoscovitcrandWinocur, 1992) For example, Passingham et £000) had
participants learn associations between visual stimuli and specific motor agt@ngesults
suggest that the PFC plays a crucial role in integrating informaltiont ahe stimulus, the

required response and the associated motor action. Indeed it appears themtepas of



the stimuli andheresponse are both mapped oateas oPFC,and that the formation of
associations between the twsomediated by intexmnnections within this regiofPassingham
et al.2000).In a further examination of regional brain involvement in assiweidearning,
Law et al. (2005) investigated patterns of brain activity in humans who compleiagba
spatial associative learning task (pairing an abstract image with a spatial loCEtiey)
observed increases in activity during learning in several frontoparigiahsavhilst the
association was being encoded. However, once the association had begadatpin

these areaeturned to baselinén contrastactivity in the medial temporal lolfencluding in
the hippocampus and parahippocampal cortices) increased monotonically duringylearnin
Thus it appears that both PFC anddiattemporalstructures are fundamental to the
acquisition of new associatiomsth the former playing a key role in the initial learning of
associations and the latter in their consolidatlaterestingly, research suggests that both
these areas may be susceptible to the effects of illicit drugexample, there is evidence to
suggest that ecstasy use is associated with deficits in tasks which rexfroiital executive
resourcegsee the review by Murphy, et &009). Cannabis on the other hand has been
shown to potentially compromise the functioning of the medial temporal region égegret)
al. 2007 Lawston et al2000; Messiis et al.2006).

In view ofresearch with has demonstratextstasyrelated degradation iregions of
the PFC Sekine et al. 2003) and hippocampus (Thompson 2084, and research showing
ecstasyrelated impairment withithe working memory system (Figk al.2004;
Montgomery et al. 2005b; Wareing et al. 200dis not surprising thatcstasy users have
poorermemory for associative informatioelative to noausergCroft et al.2001h
Gouzoulis-Mayfrank et al. 2003; Montgomery et al. 20068)ng apaired associated
learning (PAL)task Croft et al. 2001h asked a sample of ecstasy and cannabis users,
cannabis only users and drug naive counterpateataassociations between six spdtial
definedstimuluspairs (“spatial”) or six colour pairings (“nospatial”). While nosignificant
differences were found between the ecstasy/cannabis arsgithe cannabis onlgerswhen
both drug usingamplesvere conbined,the resultinggroup performed significantly worse
than nonusers on the nepatial PAL taskHowever, subsequent ANCOVW&vealedhat
this effect was more attributable to cannabis than ec3tdsije apparently implicating
cannabis rather than ecsyat is worthy of note that the ecstasy users in Croft. ststldy
had a relatively low lifetime exposure to the drug and as such were atypical®f us

participating in other studig$or example, sedorgan et al. 2002).



In another study that alseed a spatial PAL task, Fox et g2002)presented
participants with six boxes situated in a circlea computer screen. As each box opened, an
abstract pattern was revealed.a recognition phase, participants were presented with a
single abstract pattern in the centféhe screen and asked to identify in which of the six
boxes it had first appeared. The task consisted of two trials, where participemtegered
to learn six (Trial 1) and eight (Trial 2) pattdotation pairsWhile there were ngroup
differences on the majority of outcome measuf@snumber of errorghe group by trial
interaction approached significance wtbst- hoc tests confirmirthatecstasy users made
more errors than nonusers on gightpair trial.

Roberts et al.2009) administered a face-number associative learning task in which
participants learned to associate specific numbers with particular faces oveber miim
trials. Relative to cannabinly controls and drug free persoesstasy users performed
significantly worse overall averaged over all trials. During the performance tdskefMRI
revealed that ecstasy users displayed higher levels of activation in a numlzen oégions
including the left superior frontal gyrus, [BA (Brodman areas) 6 and 9], the enficiatital
gyrus bilaterally, (BA 10 and 11) as well as bilateral temporal and occigittaldtructures. In
addition,right hemisphere parietal lobe structures also exhibited higher levels @taostiin
ecstasy users$n contrast, ecstagysershada number of regions exhibitingwer levels of
activation(including the right anterior cingulate and the left posterior cingulate and
parahippocampajyrus. Both cannabis and ecstasy users exhibited lower levels of activation
in the right medial frotal gyrus and left parahippocampalgyrus. It is possible that elevated
activity levels in the prefrontal cortex are caused by this area taking owtiofusinormally
served by more posterior structures.

Studies specifically examining wofmhir associativéearning in ecstasy/polydrug
users have produced ambiguous results with apparent ecstasy-relatedcefiéaunded with
other factorsGouzoulis-Mayfrank et al. 2003) or due to other drier{tgomery et al
20053 or only apparent under more demanding conditions (Brown et al. 200@pse
studies where deficits have been obsenestiasy users’ failure to form paired associates as
readily as nonusers might be attributable to a number of factors. For extimeglmay
simply be unable to recall thegponse wordAlternatively,there might be a tendency for
users to mismatch cues and responses by producing the associate of a diféevesrtc In
this sens@cstasy usenmsight be unable to maintain the original pair bindiffgis is in line
with Kroll et al’s (1996)theory thatfalse memories are formed when we inappropriately

recombine previously presented information to form episodes that have not occurred.
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Ultimately, this leads to the incorrect binding of processed information andscaas®ry
conjunction errorsSuch errors are often revealed wipeopleare subjected to several
stimuli types including pictures, faces and word pairs (Regtitd. 1996).

Thesepossible explanations for the observed deficit in aasigeilearning in ecstasy
usershavenot yetbeen systematicallgxplored Thaefore thecurrent study aims tiurther
explore the underlingcstasyrelatedimpairmentsvhich give rise tothe previously observed
deficits in associative learning/e will also seek to gain further evidence regarding the
potential contributions of cannabis and other illicit drugs in accounting for the dssocia
learning deficits that have been observed

With this aim in mind it is proposed to make w$e wordpair learning task (see
Castel and CraikR003) that provides several measures of error thereby providing a better
understandingf ecstasyrelated deficits in associative learnifigr examplehaving
previouslystudied the original pairingsuring the encoding phase, participanit e
preseted withfour types of stimuli during the recognition phagkese will includeold
pairings (both words presented togetheoiaginally pairedin the encoding pls®)
conjunctionword pairs (both words presented in the encoding phase Hiiterent paiings),
itemword pairs (previously presented words paired with new oassyell as entirelpew
word pairs (both words not previously presented), thereby providoogtxtual element to
the tasklIn relation to the first two of these, although both word pair types contain two
previously presented stimuli, in one caserds are presented within the same pair context
(old), and in the otherase words are presented in an entirely rgair context ¢onjunctior).
Kroll et al’s (1996) proposal of false @amory formation might suggest thetstasyusers are
more susceptible to binding failures and as such, form high numbers of false memories
situations where previously presented items of information are recombined topisodes
that have not occurred (conjunction word pairs). The subsegoremh6ry conjunction
errors” may be a result of the incorrect combination of processed information in ecstasy
users. Another possible explanation is that nonusers are better than ecstasyuigsising
contextuainformation to identify previously presented stimuli within the context of their
occurrenceBy exploring differences in the recall of old and conjunction word pairs, we will
be able tanvestigatethe extent to whiclkcstasysers and nonusers differeaily usecontext
information to enhance recognition performance. Specificakyexpeatdecstasy users to
be less efficient than nonusers in binding stimuli (i.e., words) together withiotitextof
theiroccurrencdi.e., their pairing). If this werethe case, ecstasy ussiwould demonstrate

inferior recognition of old word pairsompared to nonusers. We may also expect ecstasy
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users to make more false positive responses towards conjunction and possibly dem wor
pairs than nonusers.

The use of a ragnition based paradigm like that developed by Castel and Craik
(2003) also allows the use of signal detection theory to analyse the proportionsaofihits
false positive responses. Thus the degree of sensitivity exhibited in def@etngusly seen
stimuli that are differentially activated can be directly examined. Similarly the gniéas to
produce an affirmative response to ambiguous stimuli can also be assessed through
examination of the decision criterion value. Lower sensitivity will result irefevits while a
lower decision criterion value will give rise to more false positive resgoisethe authors’
knowledge this technique has not been previously used in studies of the effects of
ecstasy/polydrug use on memory and learning.

In addition to investigating the processes underpinasspciative learningnder the
usual single task conditiontheword pair learningaskused in this study also includas
dualtaskcondition, a digit monitoring task during encoding, whi€lexpected to place an
additional load omexecutive processdsee Logie et al. 2004previous research has
indicated that the division of attentianpairs performancen associative learning tasks
(Reinitz et al. 1991 If deficits in ecstasy users result primarily fraxecutive functioning
impairment in general (rather than associative impairment in particular) then #re itk
between the hits to old pairs in the divided attention and single attention conditions should be
greater in ecstasy users compared to caoni8imilarly, in relation to the conjunction
parings, as a consequence of the additional executive load, both groups will produce more
false positive responses in the divided attention condition compared to the singlerattenti
condition but this deficit il be more evident among the ecstasy user gratgs is because
the PFC is involved in binding the original pairs during encoding and so in the divided
attention condition it should be more difficult to effectively bind the pairs togetisaiting
in more misses in relation to the old pairings and more false alarms for thectorg and
possibly heitem pairings.It is possible that a similar pattern will emerge although to a lesser
degree for the old items paired with new ortdswever the recognibn of new items should
be unaffected by the dual task at encoding since the items were never originallyepesen

Thus to summarise, it is predicted that all participants will produce more falsegos
responses in the conjunctipairscompared tdhe item and entirely new pairings. This
tendency is expected to be especially pronounced among ecstasy users amdumdee S
conditions of divided attention. Thus a three way interaction is predicted between dsig use

group (ecstasy/polydrug versus nastasy user), type of pairing presented at recognition
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(conjunctionjtem and new) and dual task (present or absent). In relation to the proportion of
hits and false positive responses, a signal detection analysis will be cahdiListpredicted

that estasy users will exhibit less sensitivapd a more liberal decision criteriom

addition to the between group comparison, various measures of long term illicit drudl use w
be correlated with the number of positive responses, hits for the old pairs, and fdlse posi
responses for the conjunctiatem, andnewpairs. h particularit is expected that measures

of ecstasy use will be negatively correlated with the number ofpaisstively correlated with
false positive responses amelgatively correlatedith sensitivity and decision criterion

Method
Design

In order to investigate whether ecstasy/polydrug users generatedennast
responses to old paithe number of hitfor old-old pairs (the dependewariable) will be
analysed in a two wagesign with drug user group (ecstasy/polydrug versus non ecstasy
user), and dual task (present or absent) both between participants. The same independent
variables will be used for th@gnal detection outcomés investigate whether
ecstasipolydrug usersliffer from norusers on thgensitivity and decision criterion measures
but with both these dependent variables included together uitevaniate analysis of
variance For the main analysiso examine whether ecstasy/polydrug users relative to
nonuserdiave a greater tendency to produce false postisgonsespecificallyto
conjunction pairs and whether this tendency is exacerbated in the dual task cpadiires
way desigrwill be used with drug user group (ecstasy/polydrug versus non ecstasy user), and
dual task (present or absent) between participants and type of pairing pregept®gnition
(conjunctionjtem and new within participantsThe dependent variable was the number of
affirmative ‘yes; i.e., false positive, responsés.orderto explore the difference between
conjunction pairs and the average of the other word pair types (item and new) orthogonal
Helmert contrasts will be used. The same contrasts will be used within thenteleva
interactions to establish whethéis differencevariessignificantly between user groups and
attentioncondition. The advantage of orthogonal contrasts is they that partition the availabl
degrees of freedom thereby allowing differences between cell means to be ewjllooed
inflating the Type 1 eaor rate(Tabachnick and Fidell, 2007o supplement this various
measures of illicit drug use will be correlated with hite three classes of false positive
responses (conjunctioitem andnew) and with the sensitivity and decision criterion

measures



Participants

Ninety-two undergraduate students (&6®syusers, mean age=22.50 and 48
nonusers, mean age=20.96) from the University of Central Lancashire and Liveripool J
Moores University participated in the study. Students were recruited viaiae patticipant
recruitment scheme (Soi®&ystems) and by the snowball technique (Solowij et al. 1992). All
students received a £20ocery store gift caréor their participation in the study. Students of
Liverpool John Moores University who were recruited the online participant recruitment
scheme also received course credits for their participation.

Participants were asked to refrain from ecstasy use in the 10 days priordstthe t
session (thenedianperiod of abstinence was in fak2 weeks). Participants were also asked
to refrain from the use of other illicit substances, including cannabis, ketaminecaidec
for at least 24h before the testssionTheywere randomly assigned to participate in one of
two conditions §ingle Attention (SA); 23astasy users and 21 nonusers, and Divided

Attention (DA); 22ecstasy users and 27 nonusers].

Materials

The use of ecstasy and other drugs assessed by means of a-sabrt
guestionnaire previously used in several studies from our laboratory (e.get BisR009).
For each year since they commenced drug use, participants estimatedctiedtyge that
they ingested in a representative session. They also estimated tloail tyggjuency of use
(number of sessions per week) during that year. Thisdeae for all illicit drugs that were
regularly consumed during each specific year. This allowed estimat@sgofdrm dose
(averaged over the number of years of use) and similarly the long terngeaWequency of
use to be computed. In addition a meaf variability for each of these measures was
computed, specifically, in each case, the standard deviation of the annual datanhlede
estimates were also used to produce an estimate of total lifetime use. Past@ipan
indicatedtheir currentfrequency of use and the period of abstinence for each major illicit
drug. Demographic variables including age and gender were recorded and fluigeinoe!|
was measured through Raven'sgnessive matrices (Raven et 8998).

The word pair learning task was closely based on one developg@éadsgiandCraik
(2003). In the encoding phase, a total of 160 common concrete nouns were paired to form 80
word-pairs.Each participant was visually presented with all 80 wmads in a randomized

order in the centre of 15.4-in computer screen. Wiails were presented for a total of 4s

9



with a 500ms gap between presentatidie encoding phase was immediately followed by a
recognition phase where participants were presented with a further 6(aicsdn a
randomized order. Word-pairs consisted of previously presented, old word pairs and newly
presented, conjunction, item and new wpgdrs.

Old wordpairs contained two words that were previously seen as a pair in the
encoding phase. Conjunction wapdirs comained two words that were previously presented
in the encoding phase, but not as an original pair. Item word-pairs contained one word tha
was presented in the encoding phase in the first position and a new word in the second
position. New word-pairs contained a new word in both the first and second positions. Each
of the four wordpair types appeared a total of 15 times during the recognition phase. Once
again, word pairs were presented for a total of 4s with a 500-ms gap between poesentat

A digit-monitoring task was introduced during the encoding phase of the DA
condition. The digitmonitoring task was programmed using’Eme and involved the
simultaneous presentation of a series of digits ranging from 0 to 9. A total ofti@46ra
digits were pesented in a randomized order. The participant’s task was to make a
predetermined response (i.e., pressing the “Y” key on a computer keyboard)eafter t

presentation of 3 three consecutive odd digits (e.g., 1, 3, 5, or 5, 7, 3).

Procedure

All participans provided informed verbal consentélresearch was approved by the
Ethics Committees of both institutions and was conducted in accordance with thie ethica
guidelines of the British Psychological Socidigstasy users and nonusers were randomly
assignedo either a SA or DA condition. At the beginning of both conditions, participants
were visually presented with a set of instructions on a computer screen pBatiavere
informed that they would be presented with a number of yaits and asked to remméer
each word and’s pairing for a recognition teskurther instructions were provided for
participants in the DA condition. Participants were informed that they woultecae
auditory presentation of a series of digits ranging from 0 to 9. Remtits were asked to
listen to the digits and make a response using the “Y” key on a computer keybeatdeaft
presentation of 3 consecutive odd digits.

After the completion of the encoding phase, participants were visually presatited w
a set of instrations for the recognition phase. The recognition phase consisted of 60 word-
pairs as described in timeaterialssection above. Using a computer keyboard to make

responses, participants were instructed to identify previously seem@id)pairs by
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pressing the"Y” key andto respond to newly presented (conjunction, item, and new) word-

pairs by pressing théN” key.

Results

As is evident from the data in Tablgidtelligence (Raven’s progressive matrices),
years of education, and alcohol and cigarette use did not differ significantigerethawo
groups.However,age did differsignificanty between ecstasy users and nonusgrs
regard to illicit drugs, ecstasy users differed from nonusers on the longverage dose and
frequency of use of cannabis as well as total cannabis use with ecstesyecording
significantly higher values on all of these variables.

<<InsertTable 1 about here>>

Word Pair Recognition Task

In the word pair recognition test, “old” responses to previously presentedpaivsd
are classified as hitsyhile “old” responses to any type of newly presented word pair
(conjunction, item and newyere considered false alarmfable 2 shows the mean number
of “old” responses made to each of the four word pair types (old, conjunction, item,ynew) b
ecstasy users and nonusers in the SA and DA conditions.

<<InsertTable 2 about here>>

Inspection of Table 2 suggests that non users tended to correctly recognise diore “ol
words pairs than ecstasy users in the single attention condhibevever, by way of contrast
ecstasy users recognisexbre previously presented word pairs in the DA condition. Despite
this, compared to nonusers, ecstasy users were more likely to report thatdiseghall
word pair types in the DA condition. Iregeral, ecstasysers made more false alarthan
nonusers to newly presented word pairs (conjunction, item, new), however, this trend was
more apparent in the DA condition.

To investigate the effects of ecstasy use and attention condition (SA or Di#g on
number of “old” responses to previously presented word pairsyay2ANOVA was
performed on theelevantdata shown in Table 2. ANOVA did not reveal a significant effect
of ecstasy usd~(1,89)=.16 p=.70)or attention conditionK(1,89)=2.58p=.12) on number
of hits recorded. Further, the interaction between ecstasy use and attentitiorcamdi
number of hits was not significari(1, 89)=2.58p=.11.

To investigate effects of word pair type, ecstasy use and attention coratitfalse
alarm erors, a 3 (conjunction, item, new) x 2 (ecstasy user/nonuser) x 2 (SA or DA) mixed

ANOVA was performed on theelevant data shown in Table 2. Significant main effects were
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found forecstasy use~(1,89)=4.32p<.05, partial n° =.05) with users producing
significantly more false positives overall compared to nonuddrere was also a main effect
of word pair type £(2,89)=16.91p<.001 partial n* =.16), with the conjunction pairs
generating the highest level of false positives, item pairs rather fewaeangairs the
smallest number of false positivételmerttest of withirsubject contrasts (word pair type)
revealed thasignificantlymore false alarms were made towards conjunction word pairs
relative to item and newword pairstogether(F(1,89)=27.03p<.001 partial n* =.23).1n
addition,attention condition yielded a significant main effdel(,89)=22.93p<.001,partial
n? =.21) with more false positive responses being made in the DA condition.

With regard to theredictedthree way interactiothe trends in theslevant means are
set out inFigure 1 Despite thadivergent trends evident in the left and right parets t
predicted crucial three way interaction was ssignificant,F<1, andthere were n@ther
significant interactions between the variable®,178)=2.14, p=.1Zpr word pair type by
attention condition, and F(1,89)=1.70, p=.20, for user group by attention condition, and
F(2,178)=1.92, p=.15, for word pair type by user grddgwever,while the overall
interaction between user group and word pair type wassigiificant it is worthy of note
thatone ofthe interaction contrastetween ecstasy use and word pair type approached
significance.This contrast compares the difference between false positive responses to
conjunction pairs and (averaged) false positive responses to the other two woydgsafot
ecstasy users with the same difference for nonusers. This comparisoerddhealestasy
userstendency to produce more false positive responses than nomasensoresvident in
the conjunction conditiorelativeto the group difference in other two conditions,
F(1,89)=3.11p=.081. Consistent with this, post hoc analyses (with an adjusted alpha = .016)
revealed that ecstasy users produced significantly more conjunction falkbeepesmpnses
compared to nonusers, p=.014, while the two groups did not differ significantly in the number
of item, p=.684, and new false positive responses, p=.228.

<<Insert Figure Bhbout here>>

The signal detection variables, sensitivity (d prime) and decision criterame, w
included as dependent variables in a multivariate analysis of variance (MAN@th drug
user group and attention condition as independent variables. The effect of user gaqp wa
significant, A =950, F(2,88)=2.34, p>.05 and neither was the user group by attention
condition interaction A =973, F(2,88)=1.23, p>.05. However, there was a significant effect
of attention condition, A =.795, F(2,88)=11.36, p<.001. The univariate outcomes revealed

that the effect of attention condition watatistically significant for the sensitivity measure,
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F(1,89)=16.43, p<.001. The effect approached significance for the decision criterion
F(1,89)=3.56, p=.062. Both sensitivity and decision criteria were lower in the divided
attention condition. Whilene multivariate effect of user group failed to reach significance,
the univariate outcome for the decision criterion approached significance, F(1,89)=3.35,

p=.070. Ecstasy/polydrug users had a lower decision criteria compared to honusers.

Correlation data

As is apparent from inspection of Table 3, the loergn average frequency of ecstasy
use wagositively and significantlgorrelatedwith false positive responses towards both
conjunction and item word pairg<.01, andp<.05,respectively. In additiorhe same
measure was negatively correlated with signal detection decision criterigalue,p<.01
and contrary to prediction was positively correlateth the number of hits in relation to old
word pairs p<.01.Other statistically significant outcomagluded hevariability in the
longterm average frequency of ecstasy whéch waspositivelycorrelated with theumber
of false positie responses towards conjunction and new word pairs)egetively
correlated with the signal detection decision critenatue,p<.01in all casesAs was the
case with the basic measucentrary to predictionhevariability in the longterm average
frequency of ecstasy use was positively correlatit the number of hitfor old word pairs,
p<.01. None of the otlr ecstasy use measures, i.e., long term average dose (level and
variability), current frequency of use, and total lifetime consumption, wegnéisantly
associated with the number of hits or false positive responsesinexpectedtatistically
significantpositive association between the number of hits andwbmge level and
variability of thelong term frequency of ecstasy use might be mediated by the negative
association between thetse variables and the decision criterion value. In order ttuata
this possibility, the partial correlations between the number of hitsespkctivelythe
average level and variability of the long term frequency of ecstasy usecaapaited
controlling for the decision criterion measufde results revealethat neither partial
correlation was statistically significang, # .110 and -.015, for hits angspectivelythe
average level and variability of the long term frequency of ecstasyugib in both cases.

<<InsertTable 3 about here>>

With regard to the other drugsie variabilityin the longterm average dose of
cannabis use wamsitively andsignificantly correlated with false positive responses towards
conjunctionp<.01, and item word pairp<.05 andhegatively associated withe signal

detecton decision criterion valu@<.05. Current frequency of cannabis use was also
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positively correlated with false positive responses towards conjunptddl and new word
pairs,p<.05. The longerm average frequency of cocaine agsd the variability inhis
measuraverepositively andsignificantly correlated with false positive responigestem
word pairs p<.05in both casesNone of the other drug use measures for cannabis and
cocaine were significantly associated with the number of hits or falg&/passponses.

In order to establish whether or not the indicators of illicit drug use wereiatgsbc
with unique variance in the word pair responses, partial correlations were conducted
controlling for the variance shared between the word pair outcanteany other illicit drugs
that possessed statistically significant zero order correlations. $hksrare set out in Table
4. Thus, for example, in the first column of Tablehg partial correlation.431, between the
long term variability in the arage dose of cannabis and the number of conjunction false
positive responses, is following controls for the long term average frequedaadability
in the frequency of ecstasy use. Similarly, in the same column, the pané&htion, .263,
between the long term average frequency of ecstasgnesthe number of conjunction false
positive responses, is following controls for variability in the long term geectannabis
dose and the current frequency of cannabis use. Inspection of Table 4 reteakahaes
of both cannabis and ecstasy use share unique variance with conjunction false positive
responses and with the SDT decision criterion value. Variability in the long temage
frequency of ecstasy use also shares unique variance with falsego@sponses to new
word pairs. While a number of the other partial correlations were not stalyssicaificant,
this does not necessarily imply that the particular drug in question has nooeffgord pair
learning, rather that the pooled variarstered with other illicit drugs prevent a judgement as
to which particular drug is responsible for the significant zero order coardathat were
observed.

<<Insert Table 4 about here>>

Discussion

The findings of the present study are in concert with those of other studies of
associative learning in drug user populations (Brown et al. 2010; Montgomery et al. 2005a;
Roberts et al. 2009) and support the view dtatasy use may indudeficits in memory for
associative information. In generatstasy sersperformed wors¢han nonusers in
recognisingand rejecting newvord pairingsand this was reflected in higher rates of false
alarms to conjunction and new word pairs in the SA condition and to conjuntgiorand

newword pairs in the DA condition.
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As expected from previous reseajtioth groups made more false positive responses towards
conjunction word pairs compared to item and new word pairs togethdraihdyroups made
significantlymore errors in the DA condition compared to the SA conditane importantly
in accordance with our predictipaverall ecstasy users made significantly more false positive
responses compared to nonusélse interaction contrast betweetord pair typeand group
approached significanceflecting the fact that while all participants were more likely to
produce false positive responses for conjunction pairs relative to item and neendeisdy
was especially pronounced amaeastasy userd.hisis consistent with expectation sinte
binding of old word pairsecruits executive resources that are known to be impaired among
ecstasy users (Montgomery et al., 2008&rdejo-Garciaet al., 2005; Wareing et al., 2004).
Given that dual task paradigrase suggested to load on executive resources (Logie et al.
2004),it wasexpectedhatthe pattern underpinning thisvizay interactiorwould be
especially pronounceid the DA condition. However, this was not the cA8kile ecstasy
users produced more false positive responses for conjunction pairs in the dual task condition
they also exhibited the same tendency for the item and new Plairs . ecstasy users’ ability
to detect the recombined conjunction pairs was similarly compromised in both tleeasidg
dual task conditions. One possible explanation is that dual task performance loads on
gualitatively dfferent executive resources thdrose employed in the binding of old word
pairs. This proposal is in line with Miyake et's(2000) assertion that dual task performance
does not load on to any of their original conceptualizations of executive functionsgshift
updating, and inhibitionNonethelesst is possible that the simultaneous completion of two
tasks is mediated by some other aspect of executive function which has geledmbated
Examination of Figus 1reveals thathe group difference in false positive responses was
greater in the dual task condition suggesting that ecstasy users are dnpéerens of the
executive processes which support dual task performance. However since the geskp by t
interaction was nowsignificant further research is needed to explore this possibility.

Contrary to predictionoverall, ecstasy users and nonuselis not differ in the
number of hits that were achievethis may be because ecstasy users adopted a mena lib
decision criterion and so were more likely at recognition to endorse ambiguousi sts
previously intact old pairsThis tendency might allow users to offset the effects of any
underlying impairment in associative learning but at the cost of pirnglntore false positive
responses. While plausible this interpretation must be treated with a degregiafi since
the group difference on the decision criterion variable was just short of significarecéve

tailed basis.
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Correlation data

The absece of a relationship between total prior consumption of ecstasy and word
pair learning performance confirms previous findings from our laboratory (Montgoetety
2005a) ands consistent with the propositidhat total number of tablets consumed is not
alwaysdirectly related to neurotoxic dose (O’Shea et1#l98).Estimates of lifetime use may
not capture subtle differences in consumption pattéRather it may be other aspects of long
term use such as typical dose and frequency of use that are important. Thus whilesesal
over a long period of use and large doses for a relatively short period may prodilexe sim
lifetime exposure the cognitive consequences might be radically difféteaitis not to say
that total use is wholly unimportant apatential indicator of neurotoxicity. The possibility
of a long term cumulative effect of the drug cannot be ruled out. For example, irPan ER
study,Croft et al (2001a) found that lifetime dose of ecstasy was associated With 5-
dysfunction after partlly out the effects of variations in the current frequency of use while
there was no association between the frequency of use ldiidaiien the effects of
differences in lifetime does were controlled. Similarly other studies examirffiegedt
aspects of cognition have found a significant lifetime dose related effedaiion to ecstasy
(e.g., Indlekofer et al. 200%chiltet al. 2008)Nonetheless, in the present study, it appears
that ecstasy related impairmentassociative learning is associatedhwnore refined and
explicit measures of ecstasy uBer examplehigher averagéongtermfrequendes and the
long-term variabilityin the frequencyf ecstasy use were associated sitiperior
recognition of previously presentasbrd pairs. Whilst thiss not in line with our initial
predictions, both of these longrm measures of ecstasy use were negatively correlated with
the signal detection variable, decision criterion. As such, it might be thatyeastas made a
greatemumber of “Yes” responseo old word pairs (hits) but also to conjunction, item and
new word pairs (false alarms). Thus rather than reflecting superior perfce, it is likely
that the positive correlation between the long term indices of ecstasy use and ofiniise
is a cansequence of an increased likelihood of positive responses acrosq tréatssults of
the partial correlatios controlling for the decision criterion value whigduced the
associatiorbetween the ecstasy use variables and the number of hits to betietical
significance supports this propositioAs expected, long term measures of ecstasy use were
positively correlated witlialse positive responses towards conjunction, and new word pairs.

Aside from ecstasy related impairments in associativenileg, the current study

highlights several aspects afther drug usethat may affect memory for associative

16



information In particular,increased/ariability in thelong term average dosé cannabisand
higher current frequencies of cannabis use were associated with increased fldaéde o
positive response® newly presented word pairs. Furthermore, higher long term average
frequenciesof cocaine us@and higher variability iHongterm average frequency of cocaine
use wereaassociated with increasedda positive responseapecifically to itemword pairs.

The correlation data summseid above highlights several dimensions of illicit drug use that
may affect associative learning performance and may provide an explarfaten o
inconsistency betweendlexisting findings in the literature.

Priorto the present study, there Hagken few investigatiaspecifically into word
pair learning among ecstasy/polydrug users. Gouzoulis-Mayfrank et @B)(26ed the word-
pair learning subset of the L&GI (Baumler 1974), where subjects were required to memoris
20 word pairs containing a Turkish word in the first position its German translation in the
second position. In an immediate and delayed recognition phase, participantsesentgar
with a German word and were required to identify its Turkish translation ik@pbssible
options. Heavy ecstasy users were significantly worse than nonusers iryidgraifrrect
word pairs in the delayed recall condition, but not in the immediate recall condition.
However, this effect did not remain significant following the inclusion of general knaeled
scores as a covariate.

In order to better understand the basis of associative learning deficitsagyegsers,
Montgomery et al(2005a used a verbal paireaissocates learning task that included
measures of forgetting, perseverative errors and speed of associating lgaalis to
completion). Participants were visually presented with eight sequentidlpamsafter which
theywere presented with the first woh@m each pair and asked to recall the second word
from its original pairing. Eight such learning trials were administdRedative to nonusers,
ecstasy users demonstrated significantly poorer performance on each of theempated
above. Neverthelesattributing these findings solely to the use of ecstasy is problematic. In
this study, for example, cannabis use in particular was shown to be an importantraete
of initial learning and forgetting.

Brown et al (2010) administered a vaty of coquitive tasks includingvord pair
learning and word triplet learning. In the former, participants studied paunrelated words
after which they were presented with the first member of each pair and retpuresll the
associate. Although there wereillng effects in later trials, in the initial learning trial ecstasy
users were significantly impaired relative to a canrrably control group and &

impairment in relation to nahtug users approached significance. In word triplet learning
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participantsstudied three words, after which the first word was presented with the participant
required to recall the remaining two words. The task was repeated five times @sy ecs

users were congently impaired relative to nainug users over all five trials. terestingly,
cannabis users performed similarly to ecstasy users in trial one but by githdiv

performance had improved to the same level as the drug naive group.

Thus to summarise there is a degree of ambiguity in previous research into word pair
learning among ecstasy users. Brown & §2010) ecstasy users performed worse than
nonusers but the difference only approached significance. Similarly, Gouktayfsank et
al.’s (2003)results failed talemonstrate a clear ecstagjated effectlt is also the case that
in the present study ecstasy users did not differ in terms of the number of hits fiardl
pairs, but they did generate significantly more false positive responses @ahéngairs
perhaps as a consequence of adopting a lesgesit decision criterion. Thymrticipants in
theBrown et al (2010) andhe GouzoulisMayfranket al (2003) studiesnay have
maintained their performance biginga similar strategy. In Montgomery et’al(20053
study it was unclear that the defgciibserved in word pair learning were attributable to
ecstasy usdn the present study, the use of more refined indicators of long term drug use
provides stronger grounds for attributing at least some of the effects tleablsarved to
aspects of ecstasise.Nonetheless it is necessary to exercise caution in attributing observed
effects to specific drugs. Since in many cases the same individuals cansoth&annabis
and ecstasy and since the use of these two drugs appears to co-vary, it is net foassibl
definitive in assigning the effects observed here to a specific subskamtermore, while
the partial correlations reported in Table 4 demonstrate that the long ternnitgaepie
ecstasy use appears to share unique variance with false peessppomses and the SDT
decision criterion variable, it is also worthy of note that the variability in thg temm
average dose of cannabis also shared unique variance with these variables.

A number of limitations need to be acknowledged in relation tptdsent studyAs
in much of the existing kraturethis study haseliedon self-report data in relation to drug
use. Clearly it would have been desirable to confirm abstinence through thesisioaly
some alternative meandowever, studies which havxompared selfeported drug use to
other independent measures, such as biomarkers, have found a respectablediaeiliof
and validity (Darke 1998) and so the use of self-report doesauesssarilyindermine the

results of the current study.

18



With regard to the statistical analysismust be conceded that the correlations reported in
Table 3are unadjusted for multiple comparisons. With full Bonferroni correction none of the
correlations reported in TableaBe significant at the adjusted alpha level. However, each
drug use indicatais correlated with multiple outcome measures (i.e., the different types of
false positive response and the SDT variables) which are significanthcortelatedeach

other. The situation is further constrained by tact that there are multiple drug use
indicators which are themselves intarrelated In such a situation, full Bonferroni

correction is too conservative and inappropriate (Saekath 1997) and there is no

universally accepted method for calculatthg adjusted alpha levéllonetheless some

degree of correction is appropriate and in these situations and an adjusted alpha levsl of .01 i
sometimes adopted (e.g., MontgomangFisk 2007). At this level, seven of the correlations
would be statisticayl significant. Another indicator would be the error rate per experiment
(Howel 1997) which utilising the Bonferroni criteria, would produce between 5 and 6
randomly significant outcomes at an unadjusted alpha level of .05 (108 .Gt

ignoring the outcomes which were contrary to predictiomfltBe correlations were

significant.

A furthermethod for evaluating the importance of the outcomes reported in Table 3
would be to utilise Cohen’s (1988) effect size construct. According to this measure,
correlations of less than 0.1 are unlikely to represent a noteworthy effeetations of
between 0.1 and up to 0.3 represent a small effect size, from 0.3 up to 0.5 moderate, and
correlations 0.5 and above a large effect size. Using this standardctineeations in Table
3 which are significant at p<.01, one tailed, all exceed 0.3 and so would meet Cohenés criteri
for a moderate effect. From an alternative perspective Tabachnick and(Zaf)
recommend a cut of .32 (corresponding to 10% shaaegdnce) as being indicative of a
potentially meaningful relationship between a factor and a variable loading on it
Nonetheless, on these criteria, while a number of correlations in Table 3 migbtthg of
note, it is important to acknowledge that wath adjusted alpha level of .01 as a cut-off point,
the proportion of variance shared between the drug use indicators set out in Table 3 and the
source memory outcomes is modest ranging from 10% to 16% and for the SDT item memory
outcomes from 19% to 21%hus the practical implications for illicit drug users in terms of
source memory performance are perhaps modest i@ andlshould not be overstated.

In conclusion, the findings from the present study coincide with previous research and
confirm assumptions that lorigrm ecstasy exposure may induce a deficit in memory for

associative information. However, more refined and explicit measures afgcste have

19



been identified that appear to be more clearly associated with these defigégicular,
higherlongterm average frequency and the ldegm variability in the frequency of ecstasy
use were both associated with increased false positive responses towaydsrasevited
word pairs. In the broader context of associative learning, the present segjgéest that
there may be a tendency for ecstasy users to select the wrong respongeyiee@cue
thereby mismatching stimulus response pairings during the early pifdsasning. Thus
responses may be equally well learned but paired with the vetonglus. It is possible that
nonusers may be better able to use contextual information to form associatiorenbetwe
specific items.

It is worthy of note that the present results relate to verbal learningend
acknowledge that binding may be differiafly affected by the type of stimuli presented
during encoding and as such, drug users may be more susceptible to binding failures
according to the nature of the stimuli encoded at presentation. Future studiessméy
utilise alternative forms of vis stimuli, for example, male and female faces or abstract

patterns to address the true extent of associative learning deficits in drag us
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Table 1. Age, intelligence, years of education, alcohol and tobacco and illicit drugyugeup

Ecstasy User Nonusers p
Mean SD n Mean SD n
Age 22.50 258 44 20.96 225 48 p=.003
Ravens progressive matrices 46.98 6.43 42 48.30 6.52 46 ns
(maximum 60)
Years of education 16.71 1.95 45 16.20 203 46 ns
Alcohol (units per week) 13.63 9.13 43 11.41 8.70 43 ns
Cigarettes per day 6.27 3.92 26 3.43 3.56 7 na
Total Prior Consumption
Cannabis (joints) 1451.27 2561.16 38 149.62 301.17 18 p=.004
Cocaine (lines) 804.50 1333.21 32 61.27 98.92 3 na
Ecstasy (tablets) 612.98 1982.32 43 na na 0 na
Ketamine (grams) 18.74 30.14 17 na na 0 na
Longterm Average Dose Per Sessiol
Cannabis (joints) 2.51 1.87 38 1.36 1.01 18 p=.004
Cocaine (lines) 6.21 8.31 32 2.50 1.80 3 na
Ecstasy (tablets) 2.46 2.27 43 na na 0 na
Ketamine (grams) .49 0.38 17 na na 0 na
Long-term Average Frequency (times
per week)
Cannabis 1.15 1.32 38 .39 .62 18 p=.005
Cocaine 43 74 32 .29 40 3 na
Ecstasy 44 .54 43 na na 0 na
Ketamine (grams) .29 A3 17 na na 0 na
Current Frequency of Use (times per
week)
Cannabis 3.15 10.12 39 .18 32 20 ns
Cocaine .50 92 33 .16 .33 5 na
Ecstasy .22 .38 44 na na 0 na
Ketamine (grams) .49 1.15 19 na na 0 na
Weeks Since Last Use
Cannabis 8.00 33.43 41 12.00 128.00 21 p=076
Cocaine 8.00 23.00 34 20.00 71.58 5 na
Ecstasy 12.00 49.00 45 na na 0 na
Ketamine (grams) 12.00 50.50 21 na na 0 na

ns: p>.05;

na: not applicable

a. Median and interquartile range are reported; p value is for Mann Whitney U
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Table 2: Mean number of old responses to each of the four word pair types (old, aorgnitenew)
by group

Ecstasy Users Nonusers
Mean SD Mean SD
Single Attention
Hits: Old 770 3.11 8.43 3.28
False Positives
Conjunction 3.74 2.22 3.05 2.33
ltem 230 1.55 2.43 2.40
New 1.70 1.84 1.43 1.63
Signal Detection
D Primé 1.10 .83 1.38 1.05
Criterio® .48 .34 51 33
Divided Attention
Hits: Old 773 271 6.52 2.53
False Positives
Conjunction 5.50 2.35 3.74 1.75
ltem 450 2.82 3.74 2.43
New 432 240 3.19 1.86
Signal Detection
D Primé .58 .66 .58 .55
Criterio? .24 .37 48 32

a: z(H) — z(F) where H is defined as the proportion of correct responses and F the proportion
of false positive responses.

b: —[z(H) +z(F)] /2
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Table 3: Correlations between measures and indafdeng-term drug use

Mean SD n Zero-Order Correlation with:
Hits/False Positives SDT Measures
Old Conjun Item New D Criterion
ction Prime
Total Prior Consumption
Cannabis (joints) 1032.88 2194.79 56 .047 -.061 .071 -.112 .054  -.046
Cocaine (lines) 740.79 1290.64 35 .172 177 -.054 .198 .076  -.149
Ecstasy (tablets) 612.98 1982.32 43 .012 114 -.059 -.066 .002 -.016
Long-Term Average Dose
Per Session
Cannabis (joints) 2.14 1.72 56 .039 234 137 .088 -095 -184
Cocaine (ines) 5.89 8.01 35 .101 -.059 -.092 -.044 118 -.013
Ecstasy (tablets) 2.46 227 43 -070 -.061 -.077 -.032 -.019 .081
Long-Term Average
Dose Per Session
Variability
Cannabis (joints) .87 1.31 56 .120 328**  .259* .207 -.131 -.285*
Cocaine (nes) 3.26 8.37 35 .083 -.018 -.013 -.022 .076  -.032
Ecstasy (tablets) 1.15 223 43 -032 .033 .044 .026 -.064 -018
Long-Term Average
Frequency (times per
week)
Cannabis .90 1.19 56 .044 -.042 120 .035 .011  -.073
Cocaine .42 .72 35 -.054 .000 .324* .030 -101 -.019
Ecstasy 0.44 0.54 43 .380** .373** .178 .310*% .092  -.455**
Long-Term Average
Frequency (times per
week) Variability
Cannabis .62 1.05 56 -.008 -.012 179 .075 -.064 -.059
Cocaine .23 .50 35 .050 .099 .303* 111 -.061 -114
Ecstasy 0.27 0.42 43 .282* .396** .251 397 -.020  -.432**
Current Frequency of Use
(times per week)
Cannabis 2.14 8.32 59 .009 324%* 120 .293* -172  -170
Cocaine .45 .87 38 .001 .031 .001 .088 -.017 -.009
Ecstasy 0.22 0.38 44 .068 -.019 144 -.038 .051 -.072

*** p<.001; ** p<.01; * p<.05, one tailed
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Table 4.Partial correlation controlling for the effects of other drugs wiginisicant zero order

correlations.

PartialCorrelation with:

False Positive Responses SDT Measure
Conjunction Iltem New Criterion

Long-Term Average Dose Per Session
Variability

Cannabis A31** 242 -.348*
Long-Term Average Frequency

Cocaine 311

Ecstasy .263 ,246 -.432**
Long-Term Average Frequency Varialbyi

Cocaine .292

Ecstasy 373* .301* -.506%**
Current Frequency of Use

Cannabis .182 121

*** n<.001; ** p<.01; * p<.05, one tailed
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Number (95% ClI)

Figure 1: False Positive Responses by Task Condition and Drug Use
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