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Participants
Participants were screened with a semi-structuf@d$ interview to ensure that none of the
following exclusion criteria were met (1): (i) majphysical ilinesses; (ii) current or previous
major mood or psychotic disorders; (iii) currenfpoevious substance misuse disorders.

Participants were assessed with the National OpiRiesearch Centre DSM-IV Screening for

Gambling Problems (2) to establish that none hgchéstory of problem gambling.

Psychometric Assessments

Participants completed the BesPbepression Inventory (3), the trait Positive AffBlegative
Affect Schedule (PANAS)(4). Trait impulsivity wassasured with the I-7 questionnaire (5,
6) which has been used to discriminate betweerpjmgital and social gamblers (7) and
between problem gamblers and healthy non-gambbngrals (8). Verbal 1Q was estimated
using the National Adult Reading Test (9). All pagants scored under 6 on the BDI,
indicating an absence of recent depressive symptmyocAs described in the main text,
problem gambling was screened with the South Oalmliing Screening Questionnaire

(SOGS)(10). Participants' scores on SOGS were yosthd 1, with no score higher than 3.

Computer-simulated Slot-Machine Game

The slot-machine simulation was implemented usirggé&htation v.11.3 software
(Neurobehavioral Systems, San Pablo, USA) (FigThg display consisted of a single
winning line showing 3 fruit symbols. Available glaredits were displayed at the top of the
display in a purple font. The prizes delivered wk@winning line showed 3 of the same

fruit symbols were shown below in a traditional giy'chart.
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On each play, participants waited for the presemtaif a cue ('Click to play' positioned in
the bottom-centre of the display) before makingngle button-press with the index finger of
their right-hand to start the slot-machine. Immesliaafter, the 3 fruit symbolspun with a
frequency of 5Hz. Following delays of between 46 2@s (mean= 7s, Poisson distributed),
all 3 reels stopped simultaneously to show the plagome. When the reels stopped to
display 3 identical fruits in a row, participantermvmonetary rewards (between 50p and £3).
Near-misses consisted of play outcomes in whigwwig the display from left to right, the

first 2 reels showed the same fruit while the tmedl showed a different fruitAB'

displays). Other near-miss outcomes of the f&xBB' or'ABA' did not appear.

Play outcomes were displayed for a fixed interdalofollowed by a blank display which
remained in place for variable delays of betwe&s and 9.5s (mean= 6.5s; Poisson
distributed). The simulated slot-machine game veesttucted so that 1/6 of all plays ended
with winning outcomes (delivering a variable ratio6) and 1/5 ended with near-miss
outcomes (delivering a variable ratio of 5). Alhet slot-machine game plays ended with

losing outcomes consisting of 3 different fruitsplayed along the pay line.

Finally, the slot-machine game also contained sgpacontrol’ plays, which controlled for
the gross visual and motor features of the slothimecgame by involving similar visual
displays and identical motor commands, with théedince that all the fruit and credit
symbols were replaced by coloured hashgs The event-structure and the delays between

events in the control plays were identical to thofsthe game plays.
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Supplementary Table T1. Demographic and psychometric details of 43 headtihylt volunteers who completed a simulated slotfnmecgame
as part of a standard fMRI protocol. Twenty ondipigants had prior experience of the game befeiagscanned while 22 players had no
prior experienceVerbal IQ (NART)= National Adult Reading Test (Recent depressive symptoms (BDI)= Beck's Depredsi@ntory (3);
Trait positive/negative affect (PANAS-P/PANAS-N)+alt Positive Affect Negative Affect Scale (4); lnipivity (I-7)= Eysenck's Impulsivity
scale (5, 6); Gambling problems (SOGS)= South @zksbling Screening Questionnaire (10).

Age Gender BDI PANAS-P PANAS-N -7 SOGS IQ
(NARTS)
Practiced 2457+1.31  10/11 2.05+0.47 34.00+1.26  13.38t0.74  7.10:0.88 0.52+0.21 117.10+1.02
Unpracticed ~ 24.27+1.43  11/11 1.41+0.41 36.55+1.34  13.77+1.01  7.18+0.98 0.32+0.12 117.64+0.92
Total 24.42+0.96  21/22 1.72+0.31 35.30+0.93  13.58+0.63  7.14+0.65 0.42+0.12 117.37+0.68
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Procedure
On study visit 1, participants arrived at the Unsiyy Department of Psychiatry and
completed the screening as described above. Parisi allocated to the practiced, but not
the unpracticed, group played an extra sessiontiwlslot-machine game in a quiet testing
room. Participants were told that winnings from ¢faene would be exchanged for real
money and would form part of their total experinampayment. Participants were given £10
credit at the start of the game; each play cost 26 practice game contained 120 plays
and 16 control plays. Twenty plays terminated withning outcomes, 24 plays terminated
with near-miss outcomes, and 76 plays terminatél sing outcomes, delivered in a

pseudo-random order. This schedule meant that @agticipant finished the slot-machine

game with £4 final credit (i.e. they lost a tothE® during the game).

This practice slot-machine game had an identicahestructure to the slot-machine game
played in the fMRI protocol, except that the blaligplay interval between plays was
shortened to between 1s and 4s (mean= 2.5s; Paigstabuted). The clicks, reel spinning
and delivery of game outcomes were each accompégiddstinctive'slot-machinésounds.
The practice game contained 16 control plays, gedrso that 5 occurred in succession
following the first 30 game plays, another 5 follog/the next 30, and the rest following the
og" game play. Finally, following instruction aboutwdo play the slot-machine game,

participants were given 7 introductory plays befolisying the game proper.

On study visit 2, participants arrived at the Ogf@entre for Clinical Magnetic Resonance
Imaging (OCMR) to play the slot-machine game insidefMRI scanner. Game displays
were back-projected onto a screen at the head{ethé scanner bore which participants

viewed via a mirror positioned directly above thepes and approximately one meter from
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the screen. This slot-machine game consisted gaéte plays and 10 control plays. Ten
game plays terminated with winning outcomes, 1A wear-miss outcomes and 38 with
straight losing outcomes, delivered in a pseudalwanorder. Participants were given £5
credit to start with, and each play cost 25p. Pigdints ended with £2 (i.e. they lost £3
during the game). A total of 10 control plays wpegformed in the scanner, arranged such

that 5 occurred in a row after the first 20 gansypland 5 more after the next 20 game plays.

All participants completed 7 introductory game glégfore being moved into the scanner.

Functional Image Acquisition

Participants were scanned at 3 Tesla with a SieM&GNETUM Trio scanner (Siemens
Medical Solutions, Erlangen, Germany) while perforgithe computer-simulated slot-
machine game. Functional data were collected asgdighted echo planar images, optimized
for blood-oxygen-level-dependent (BOLD) signal e¢ast in orbitofrontal cortical regions
(voxel size: 3*3*3 mm; TE: 30ms; TR: 3 seconds;sfibes angled at 30° in anterior-
posterior axis). A preparation pulse (1ms; 2mT/raywsed in the slice selection to
compensate for through-plane susceptibility grasierhen imaging orbitofrontal and medial
temporal lobe regions (11). A 176 slice anatomidalweighted data set was also acquired

with a slice thickness of 1mm for co-registratiothvthe EPI data.

Pre-processing. Imaging pre-processing analysis was carried otit ®REAT (FMRI Expert
Analysis Tool) v.5.98 (Oxford Centre for Functioddgnetic Resonance Imaging of the

Brain; www.fmrib.ox.ac.uk/fs). Images were high-pass filtered and realignezbtoect for

motion artefacts using MCFLIRT(12). Each volumeswarrected for timing of slice
acquisition and was smoothed with a Gaussian fiftéwidth half-maximum 5mm). The

skull and non-brain matters were removed from ttagnbusing BET(13). Compensation for
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geometric distortion and signal loss was carriedbyuneasuring field inhomogeneities with
a fieldmap sequence and using this informatioretangetrically unwarp the EPI images and
apply a cost-function masking in registrationsgioare areas of signal losses(14). Individual
timeseries were also examined using a model-fréegp@ndent component analysis

implemented in MELODIC (Multivariate Exploratorynear Optimized Decomposition into

Independent Components)(15) in order to removeramgaining artefacts.

Data analysis. Single-subject GLM results were estimated usingt FEMRI Expert Analysis

Tool v. 5.43;www.fmrib.ox.ac.uk/fsJ(16) and transformed, after spatial normalizatiotg

standard (MNI152) space(12). Modelled events werezalved with gamma haemodynamic
response functions (HRF). Temporal derivativeseflilurred original waveform were
included (17). High pass temporal filtering wasoagplied to this model. Higher-level
analysis was carried out with FLAME (FMRIB's Locaialysis of Mixed Effects)(18). Z
(Gaussianised T/F) statistical images were threlgublising clusters at Z>3.09 or 2.3, and a

(whole-brain corrected) cluster significance thaddlof p< 0.05 (19-21).

Clusters of identified activity that allowed comjsains between BOLD signals for the
unpracticed and the practiced groups were extrdobed functional ROls identified by the
contrasts between winning outcomes and losing owsaSupplementary Table T2 and
Figure S1). These included (i) an area of the digtmid-brain incorporating the bilateral
ventral tegmental area (VTA) and substantia ni@iathe bilateral caudate nucleus; (iii) the
bilateral ventral striatum including the nucleusw@ubens; (iv) the bilateral amygdala; (v) the
bilateral anterior cingulate cortex; (vi) the darsedial prefrontal cortex (including the

medial superior frontal gyrus); and (vii) the bdagal anterior insular cortex.
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Model. Winning outcomes and their values, near-miss enésoand their values, and losing
outcomes were all modelled as 1s impulses of naatality. The value of near-misses were
determined as the value of the first 2 fruits; éhg.sequence 'grape-grape-pear' was modelled
with a value of £2 as this was the prize for 3 g he reel spins of the game were
modelled in 2 ways. First, we modelled the stathefreel spins as 1s impulses. Separate
impulse regressors were included for reel spiriswiehg winning, near-miss and losing
outcomes. (These were included to test whethegréifit game outcomes influenced signals
elicited while watching the 3 reels spin absequent plays of the slot-machine; there were
no such effects so these individual regressorsatrdiscussed further.) Second, we modelled

the extended signals associated with waiting fongyautcomes as the whole jittered duration

of the reel spins, collapsing across spins follgutime different game outcomes.

To explore the effects of trait impulsivity, I-7@es were entered as covariates to identify
areas of signal change that survived a thresholt:d#.3 (whole-brain cluster-corrected at
p< .05). These were most apparent in differencesdan signals associated with winning
and near-miss outcomes, collapsed across pra@metdnpracticed groups (see main text).
These ROIs covered the bilateral caudate, bilatenatral striatum (ventral putamen), left

amygdala and bilateral insular cortex (see Suppi¢ang Table T4 and Figure S6 below).

Timecour se analysis. The timecourse of signals across the reel spirttamglay outcomes

are shown for illustrative purposes (22) only withegions of interest (ROIs) identified using
a cluster corrected threshold of p< 0.05. To aobségnal changes within ROIs evoked by the
slot-machine reel spins and outcomes, we performrseties of hemodynamic
deconvolutions across each play of the game. BOhplitudes—expressed as % signal

changes—uwere fit by hemodynamic response funclid®s-s) using GLMs. We separated
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and resampled participants' timeseries data to #higm into 2 slot-machine events: (i) reel
spins that started following participants' clickpense at time 0 and; (ii) play outcomes

which occurred after the reels stopped spinnin@ rBsampling resolution was 0.1s.

Timeseries data and model fits were drawn separitethe practiced and unpracticed
participants, and separate plots were drawn forspgaading with winning, losing and near-
miss outcomes. We explored 2 hemodynamic modetbelfirst model, BOLD responses
were modelled by regressors consisting of a 1s Isepaf phasic activity at the time of reel
spins and play outcomes convolved with the HREhénsecond model, the BOLD responses
were explained by regressors consisting of toniwicthat lasted for the entire durations of
the reel spins and play outcomes (of 4s), againaead with the HRF. We compared these
models using the sum of square errors (SSE) bettheemodel and data. Overall, the

impulse model provided a better fit to the timesedata and is the one used here.

Matching analysisfor practiced participants versus unpracticed participants. Matching
for age, trait positive affect negative affect (PANAB)depressive symptomology (BDI)(3),
gambling problems (SOGS)(10), impulsivity (I-7) aestimated verbal 1Q (NART)(9) was
tested using one-way analyses of variance (ANOW##H) the 2 between-subject factors of

group (practiced participants vs unpracticed pigidiats) and gender.

Behavioural data analysis. Mean reaction times (ms) for 'click’ responsest#ot slot-
machine plays were tested with repeated-measur&\A\with the between-subject factors
of group (practiced vs unpracticed) and gender,vattun-subject factor of the immediately
previous outcome (game plays following winning ames vs plays following near-miss

outcomes vs plays following losing outcomes). Trapulsivity scores (I-7) were added as
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covariates in order to test whether variabilitymrpulsivity influenced the speed of starting

new plays following different outcomes of the sto&chine game.

Supplementary Table T2. Group maximum Z-scores and MNI (Montreal Neurobad)i
institute) 'MNI152_T1 2mm' brain coordinates of B@amplitudes identified by the
comparison between winning outcomes and losingoougs, thresholded at Z>3.09 and
cluster-corrected at p<0.05. VTA= ventral tegmeatal; SN= substantia nigra.

Area Side Max Z X Y 4
Midbrain / 5.57 8 -28 -24
(VTA/SN)

Ventral striatum L 6.77 -8 10 -4
R 6.37 10 10 -4
Ventral L 5.96 -14 8 -4
putamen R 6.11 16 10 -2
Caudate nucleus L 7.18 -10 8 0
R 6.60 12 8 6
Amygdala L 4.64 -22 0 -16
R 5.37 20 2 -16
Anterior L 5.90 -2 6 26
cingulate R 6.66 6 24 38
Posterior L 6.67 -2 -32 24
cingulate R 7.23 2 -30 26
Superfrontal L 6.70 -2 26 40
gyrus R 7.43 6 20 48
Middle frontal L 6.34 -42 14 22
gyrus/sulcus R 6.65 44 14 26
Inferior frontal L 7.16 -32 24 -8
gyrus R 7.74 34 22 -8
Insular L 7.31 -30 24 -8
cortex R 7.74 34 22 -8
Thalamus L 6.01 -12 -2 8
R 7.36 10 -14 6
Primary visual L 4.80 -2 -96 6
cortex R 5.88 12 -96 8
Inf. parietal L 7.43 -32 -56 42
sulcus R 7.86 40 -54 46
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Supplementary Figure S1. Activation map for blood-oxygenation-level-depend@OLD)
amplitudes evoked by winning compared to losingontes during play of a simulated slot-
machine game in 43 healthy adults (collapsing acpoacticed and unpracticed groups).
Signals were thresholded at Z= 3.09, whole-braistelr-based corrected at p < 0.05, and
then rendered onto the MNI (Montreal Neurologicetitute) ‘MNI152_T1 2mm' brain (see
Methods). Contrast-dependent regions of intere®igRidentified included the midbrain
(VTA/SN), ventral striatum, caudate nucleus, amyadanterior cingulate cortex (ACC),
dorsomedial prefrontal cortex (dmPFC) and antensular cortex.

10
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Testing the effects of prior experience on the neural signalling of reel spinsand winning
outcomes: an omnibus multi- factorial repeated-measures analyses of variance
(ANOVAYS) of BOLD responsesto slot-machine play. 3-values obtained from the GLM
modelling of the timecourse described above westetewith repeated-measures ANOVAS
with the between-subject factors of group (practiee unpracticed), gender, impulsivity
(high vs low) and the within-subject factors of gaavent (reel spins vs winning outcomes)
and ROI (mid-brain (ventral tegmental area/subgangria), ventral striatum, caudate
nucleus, amygdala, anterior cingulated cortex (A@@jerior insula vs dorsomedial
prefrontal cortex (AMPFC). Simple effects of preetand impulsivity were tested using
univariate ANOVAs with the between-subject factofgroup, gender and impulsivity.
Practice produced different effects on the BOLDalg evoked by the reel spins compared
to the winning outcomes of the slot-machine gamevadenced by the significant 2-way
interaction between practice and game event, Kk 8.88, p< .05. Analysis of the simple

effects demonstrated that practice reduced signvalked by the winning outcomes, F(1,

35)=6.021, p< .05, but enhanced the signals evbigate reel spins F(1, 35)= 4.025, p= .05.

These distinct effects of practice were not reliahbre or less pronounced in any of the 7
ROls listed above, as evidenced by the non-sigmtithree-way interaction between
practice, game event (reel spins vs winning out®raad ROI, F(6, 210)= 1.12. Testing the
BOLD amplitudes evoked by the winning outcomes a¢e@ smaller signals evoked by
winning outcomes in the practiced participants carag to the unpracticed participants in
the ventral striatum, F(1,35)= 9.093 p< 0.05, ddaudate nucleus, F(1,35)=5.399 p< .05,
with a similar trend in the mid-brain, F(1,35)= 341p=0.085. BOLD signals evoked by
winning outcomes were also reduced within the dmPe€ Supplementary Figure S2

below), F(1, 35)=8.71, p< 0.01). By contrast, pegperience with the slot-machine game

11
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significantly increased the BOLD signals evokedhmy slot-machine reel spins within the

ventral striatum, F(1,35)= 4.339 p< 0.05, andaheygdala, F(1,35)= 6.193 p< .05.

To test the claim that practice had larger effegisn winning outcomes compared to near-
miss and losing outcomes, we also completed an AN@ith the between-subject factors of
practice, gender and impulsivity and the withinjsabfactors of outcomes (winning
outcomes, near-misses, losing outcomes) and R@.dBmonstrated a marginal significant

2-way interaction between practice and game outc¢éifZe 70)= 3.10, p= .05.

Testing the effects of infrequency: BOL D responses to winning outcomes ver sus near -
misses. It is possible that our finding that prior expeerwith slot-machine increased the
BOLD signals evoked by reel spins but reduced itpeats evoked by winning outcomes may
reflect enhanced anticipation of infrequent, orepivise salient, events but diminished
processing of their delivery. One (partial) testho idea is to compare the effects of practice
upon BOLD responses to winning outcomes with tispoases to the marginally more
frequent near-miss outcomes. Two previous invetstiga suggest that near-misses evoke
BOLD changes within the ventral striatum (23, Z@)erefore, we confined our tests to this
structure using an ANOVA with the between-subjectdrs of practice, gender and
impulsivity, and the within subject factors of oomee (winning vs near-miss). This
demonstrated that practice had a significantlydaggfect upon BOLD responses to winning
compared to near-miss outcomes, F(1, 35)= 5.160p<Analysis of the simple effects
confirmed that practice reduced the BOLD signalstel within the ventral striatum by

winning outcomes, F(1, 35)=9.09, p=.001, butlmohear-miss outcomes, F(1, 35)= 2.27.

12
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Supplementary Figure S2. Timeseries plots of BOLD signals for the 3 regiohsterests (ROIS) identified using the comparnisetween winning outcomes
and losing outcomes of a computer-simulated slathime game (thresholded at Z=3.09, whole-braintefusorrected at p< .05). Coronal and axial slexes
shown for each of the ROIs. MNI (Montreal Neurokaiinstitute) y coordinates are provided belowdbmnal slices and z coordinates below the akds
Upper plots: % BOLD signal changes while watchimg game reels spin (displayed for a mean of 7eviitlg 'Play’) and while watching the winning
outcomes (displayed for 7s following 'Reel stoRgel spins and winning outcomes of the practicetigg@ants are indicated by red lines and thosthef
unpracticed participants are indicated by blueslifdeans % signal values (relative to baselineshosvn with standard errors. Lower plots: hemodyinam
response function (HRF) gamma model used to fiB®&D % signals. Adimpulse or phasic HRF with a mean response latency ofé@swsed in the model.
The anterior cinglate cortex (ACC) is marked inkpfa); dorsomedial prefrontal cortex is marked in blog and anterior insula cortex is marked brown (
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Testing the effects of practice on BOLD responsesto slot-machine play in posterior
cortical regions (intra-parietal sulcus and visual cortex). We also tested the effects of
prior experience with our slot-machine game on alesignalling within posterior cortical
ROIls. These ROIs were also identified using thdraghbetween winning outcomes and
losing outcomes thresholded at Z= 3.09 and whaelmluster-corrected at p< .05. These
centred round the intra-parietal sulcus and pastersual cortex. The ANOVA had the
between-subject factors of practice, gender andiisnpty, and the within-subject factors of
game event (reel spins vs winning outcomes) and (R@&-parietal sulcus (IPS) and
primary visual cortex). Overall, there was no iradion that prior experience influenced the
BOLD responses evoked by the winning outcomesreiffidy from the BOLD responses
evoked by the reel spins in these areas, as ewaddnca non-significant 2-way interaction
between practice and game event, F(1, 35)= .18inbethe effects of practice on signals

evoked by winning outcomes and by the reel spirectly (and separately) did not yield

significant main effects, F(1, 35)=.1 and F(1,35)6, respectively.

We also compared the BOLD responses evoked bye#iepins and winning outcomes
within the intra-parietal sulcus and ventral strraf with an ANOVA having the between-
subject factors of practice, gender and impulsigitg within-subject factors of game event
and ROI (intra-parietal sulcus vs ventral striatuff)is analysis showed that prior experience
influenced BOLD responses to the winning outconmekrael spins of the slot-machine
differently within these 2 neural systems, as evigel by a significar2-way interaction
between practice, game event and ROI, F(1, 35)% £5 .05. Analysis of the simple
interaction effects showed that practice reduced B@sponses to winning outcomes but
increased BOLD responses to reel spins within #érgral striatum as indicated by a
significant 2-way interaction between practice gadce event, F(1, 35)= 10.06, p< .05. This

simple interaction effect was not significant ie ihtra-parietal sulcal area, F(1, 35)= .53.
14



Slot-machines, reinforcement learning and persgnali
Supplementary Information; Translational Psychiatry
vl; 3 April 2012

Supplementary Figure S3. Timeseries plots of BOLD signals during performaata
simulated slot-machine game within the 2 postergions of interests (ROIs) identified
using the contrast between winning and losing cueo(see above). Signals were
thresholded at Z= 3.09, whole-brain cluster-basetected at p < 0.05, and then rendered
onto the MNI (Montreal Neurological institute) '@ brain' (see Methods). Coronal and
axial slices are shown for each of the ROIs. MNb(feal Neurological institute) y
coordinates are provided below the coronal sliceszacoordinates below the axial slices.
Upper plots: % BOLD signal changes while watchimg game reels spin (modelled for 7s
following 'Play) and winning outcomes of the game (displayed $ofoflowing 'Reel stop").
Signal arising from plays completed by the practiparticipants are indicated by red lines;
plays completed by the unpracticed participantsratieated by green lines. Means % signal
values (relative to baseline) are shown togethdr standard errors. Lower plots:
hemodynamic response function (HRF) gamma modeld tasfit % BOLD signals.
'Impulsé or phasic HRFs with mean response latencies wfes used. The intra-parietal
sulcus is marked in blua)and the primary visual cortical region is showryellow {).
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Supplementary Figure $4. Structure of the ‘control' game for comparisorhwiite simulated
slot-machine. On being shown the dQ&ck to play, participants made a single button press
to start the control game. All 3 reels displayadradom sequence of 6 coloured '#s', with a
frequency of 5Hz. Three reels stopped followingoegsson-distributed latency of 4-10s
(mean= 7s) and showed the game outcomes for adixet@ihe fMRI model included impulse
regressors for reel spins and for control outcoraed,extended regressor for the jittered
duration of reel spins. The display was blankeatmethe next play was started, with a
Poisson-distributed inter-play interval (IT1) 0639.5s (mean= 6.5s). When this game was
played outside the scanner, this latter ITI wasteined to a Poisson-distributed latency of
1.0-4.0s (mean= 2.5s). See Methods for more details

Start Response Reel stop Blank (ISI) Start Response

Click to Play Click to Play

Testing the BOL D signals evoked by the control game. Our findings are unlikely to reflect
the visual and motor characteristics of the slotinv@e gameThe reel spins and, in
particular, the control outcomes failed to evolgngicant positive BOLD signals within the
ROls used to isolate reinforcement signalling i stot-machine game. These ROIs were
identified using the contrast between winning argirlg outcomes thresholded at Z= 3.09
and whole brain cluster-corrected at p< .05 (Fidueend Supplementary Figure S2). While
BOLD amplitudes elicited by the winning outcomestad slot-machine game (collapsing
across practiced and unpracticed participants) apositive and significant (afi-values
between 2.47 and 4.17), the amplitudes elicitethbycontrol outcomes were small, negative

and non-significantf§-values between -0.72 and -0.19). The exceptionthasignificant

negative response to control outcomes within th€ACvalues=-1.14; t(42)=-2.99, p< .01.
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Supplementary Figure S5. Timeseries plots of BOLD signals during performaateur control game within the same regions odriests (ROIs) identified
using the contrast between winning and losing auoof the slot-machine game. Coronal and axieg¢slare shown for each of ROIs. MNI (Montreal
Neurological institute) y coordinates are providedbw the coronal slices and z coordinates bel@nattial slices. Upper plots: % BOLD amplitudes whil
watching the control game reels spin (displayed/ffollowing'Play) and outcomes (displayed for 7s following the IRg&p). Signals from plays completed
by the practiced participants are indicated bylirees and those completed by the unpracticed paaits are indicated by blue lines. Means % sigahles
(relative to baseline) are shown together withdsaa errors. Lower plots: hemodynamic responsetimm¢HRF) gamma models used to fit % BOLD signals.
The mid-brain is marked in cyaa)( the ventral striatum is marked in rda);(the caudate is marked in greejy @nd the amygdala is shown in light greéh (
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Supplementary Table T3. Mean RTs (msxstandard errors) to start new plajeviong winning
outcomes, losing outcomes and near-misses whijgngla simulated slot-machine game in participants
with and without prior experience of the game halit ¥etween high and low impulsive participants.

Low impulsive group (LI)

RTs following RTs after near-miss RTSs after losing
winning outcomes  outcomes outcomes

Unpracticed (n= 13)  1264.214 + 105.00 1148.55 + 135.19 1197.03 +118.84
Practiced (n=11) 839.33 +111.53 842.73 +143.59 832.60 + 126.23
Total 1051.77 + 76.59 995.64 + 98.61 1014.82 + 86.68

High impulsive group (HI)

RT following RT after near-miss  RT after losing
winning outcomes  outcomes outcomes

Unpracticed (n=9)  1032.08 + 130.24 1212.03 £ 167.68 1027.34 £ 147.40
Practiced (n= 10) 789.94 +£116.49 897.23 £ 149.98 907.05 £ 131.84
Total 911.01+£87.37 1054.63 £ 112.48 967.22 £ 98.88
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Supplementary Table T4. Z-scores and MNI (Montreal Neurological institufe@NI152 T1 2mm'
coordinates of BOLD amplitudes associated withpibsitive covariate of 1-7 scores on the winning
minus near-miss outcomes contrast (Supplementgy&iS6) (Z>2.3, cluster-correlated at p<0.05).

Area Side Max Z X Y Z

Ventral striatum L 3.18 -18 6 -4
R 4.10 20 16 2

Amygdala L 3.94 -22 -4 -16
Caudate nucleus L 3.04 -18 18 0
R 4.18 18 18 2

Anterior insula L 3.56 -34 -2 12
R 3.12 38 22 0

Inferior frontal L 2.90 -50 22 -12
gyrus R 3.55 54 30 18
Middle temporal L 3.41 -50 54- 12
gyrus R 4.02 50 54 - 6
Angular gyrus L 3.95 -50 54- 14

Supplementary Figure S6. Activation map for impulsivity-dependent BOLD saja in the comparison
between winning and near-miss outcomes during pegoce of a simulated slot-machine game,
collapsed across the 21 practiced healthy adulicgzants and the 22 unpracticed participants ef th
experiment. Signals were thresholded at Z= 2.3) alitster-based correction at p < 0.05, and rendere
onto the MNI (Montreal Neurological institute) 'MMNI2_T1 2mm' brain. Contrast-dependent regions of
interest (ROIs) identified included the ventralatrm and the amygdala (see main text for details).
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Supplementary Figure 7.Timeseries plots of BOLD signals within 2 regiorisrmterests (ROIS)
constructed using I-7 scores (5, 6) as a covairidige comparison between winning outcomes and near
misses (thresholded at Z=2.3, whole-brain clusterected at p< .05). Timecourse signals show
influence of I-7 score against the baseline orBi®&.D responses to winning outcomes and near-misses.
Coronal and axial slices are shown for both ROIBlI fMontreal Neurological institute) y coordinates
are provided below the coronal slices and z coatdmbelow the axial slices. Upper plots: the regjom
coefficients of I-7 scores on % BOLD signal changesked by winning outcomes (indicated in red) and
near-miss (indicated in cyan) outcomes (displaped$ following 'Reel stop’). Coefficient valueg ar
shown together with standard errotower plots: the regression coefficients of I-7resoon BOLD %
signals fitted to the HRF gamma model. ‘Anpulsé or phasic HRF and mean response latency of 6s
was used. The ventral striatum is marked in egdtlle amygdala is marked in light gred). (
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Supplementary Figure S8. Timeseries plots of BOLD within 2 regions of irgsts (ROIs) constructed
using the I-7 score (5, 6) as a covariate in thegarison between winning outcomes and near-misses
(thresholded at Z= 2.3, whole-brain cluster-coedcit p< .05). Positive and negative signals slinaw t
influence of I-7 score on the BOLD signals asseclatith winning outcomes and near-misses, plotted
separately for the 21 practiced and 22 unpracipeeticipants. MNI (Montreal Neurological institutg)
coordinates are provided below the coronal sliceszacoordinates below the axial slices. Uppersplot
regression coefficients of I-7 scores on % BOLDaighanges evoked by winning (blue for
unpracticed; red for practiced) and near-miss on&oof the game (cyan for unpracticed; green for
practiced participants) (7s following 'Reel stoRggression coefficients are shown with standaarr
Lower plots: the regression coefficients of I-7 resoon % BOLD signals fitted to the hemodynamic
response function (HRF) gamma model.'impulsé or phasic HRF and mean response latency of 6s

was used. The ventral striatum is marked in egdtlile amygdala is marked in light gredm). (
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Supplementary Figure S9. Timeseries plots of BOLD within 2 regions of irgsts (ROIs) constructed
using I-7 scores (5, 6) as a covariate in the coispa between winning outcomes and near-misses
(thresholded at Z=2.3, whole-brain cluster-corré@tep< .05). Positive and negative signals show
influence of I-7 score on the BOLD signals assedatith reel spins averaged across all plays. Gdron
and axial slices are shown for both ROIs. MNI yrciates are provided below the coronal sliceszand
coordinates below the axial slices. Upper plots:régression coefficients of I-7 scores on % BOLD
signal changes evoked by reel spins in the prat{ioglicated in red) and unpracticed (indicatetlure)
groups (displayed for 7s following the trial sta@pefficient values are shown together with stathda
errors. Lower plots: regression coefficients of I-7 scapesBOLD % signals fitted to the hemodynamic
response function (HRF) gamma model. 'impulse or phasic HRF and mean response latency of 6s
was used. The ventral striatum is marked in egdtlle amygdala is marked in light gred). (
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