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20 Deception has major legal, political and business implications. Thus, there is a
strong general interest in objective methods for determining with a high degree of certainty
when one is intentionally lying (Holden, Science 291:967 (2001)). According to the
traditional approach, deception of another individual is the intentional negation of subjective
truth (Eck, In Lies and Truth, McMillan, New York (1970)). This concept suggests that

25  alteration of truthful response is a prerequisite of intentional deception.

Multichannel physiological recording (polygraph) is currently the most widely used
technology for the detection of deception. The polygraph examination relies on the
peripheral manifestations of anxiety (skin conductance, heart rate, and respiration), which
deception is expected to induce (Office of Technology Assessment, 1983). The accuracy of

30  this technique is limited by the variability of the association between deception and anxiety

across individuals and within the same individual at different points in time (Steinbrook, N,
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high spatial resolution is achieved at the expense of temporal (time) resolution, i.e., the
detection of rapid brain changes during cognitive or other activity is not possibie with
25  structural imaging.

Both functional and structural imaging yields digital 2 or 3-dimensional maps of the
brain that reflect tissue density (gray matter, white matter, fluid, tumor, etc.) or a measure of
brain activity (e.g., rate of blood flow or metabolism). Functional brain imaging is
performed with the same imaging équipment as structural imaging, to detect reversible

30 changes in the brain that occur during cognitive, motor or sensory activity, such as finger
tapping, remembering or deceiving. This requires a rate of acquisition of individual brain
images in the order of magnitude of seconds (whole brain) or tens of milliseconds (single

brain slice) that is much faster than is possible using structural imaging.
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single 4-mm slice of the brain in less than 100 mseconds. Twenty 4-mm slices cover most
of the brain cortex, permitting acquisition of a whole brain image every 2 seconds. The
25  pattern of the change in the Oxy/Deoxy Hgb is similar across a variety of cognitive and
sensory tasks and is called Hemodynamic Response Function (HRF). Acquiring whole brain
images every few (1-6) seconds allows monitoring and mapping of the HRF response to
single stimuli during cognitive processes.
Unlike the ERP, the spatial resolution of functional magnetic resonance imaging
30  (fMRI) exceeds that of any other brain imaging technique, while the temporal resolution is
sufficient to resolve rCBF or Oxy/Deoxy Hgb changes occurring in response to either groups

(blocks) or single cognitive events (e.g., a response to a question flashed on a screen). (Chen
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between baseline and target conditions within and across subjects. The comparisons are
voxel-by-voxel subtractions of the MRI signal in any two conditions (e.g., activity while

25  seeing a familiar vs. unfamiliar face) made throughout the entire brain. The significance of
the differences is determined using familiar two tailed t-tests, ANOVA or MANOVA,
depending on the presence of additional non-imaging covariates of interest, such as
polygraphic variables, gender, left-or-right-handedness‘, or —in this application — native
language. The area commonly included in the analysis is often in the order of magnitude of

30 20-30,000 voxels, which requires a correction for multiple comparisons. The end result of
this process is usually a map of above-threshold differences between two conditions

expressed as t or F values.
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| The Guilty Knowlédge Test (GKT): GKT is a method of polygraph interrogation
25  that facilitates psychophysiological detection of prior knowledge of crime details that would

be known only to a suspect involved in the crime (Lykken et al., Integr. Physiol. Behav. Sci.
26:214-222 (1991); Elaad et al., J. Appl. Psychol. 77:757-767 (1992)). The GKT has been
adapted to model deception in psychophysiological (Furedy et al., Psychophysiology
28:163-171 (1991); Furedy et al., Int. J. Psychophysical. 18:13-22 (1994); Elaad et al.,

30  Psychophysiology 34:587-596 (1997)) and ERP research (Rosenfeld et al., Int. J. Neurosci.
42:157-161 (1988); Farwell et al., Psychophysiology 28:531-547 (1991); Allen et al.,
Psychophysiology 29:504-522 (1992)). In a typical laboratory GKT,.the subject is

instructed to answer “No” in response to a series of questions or statements, the answer to
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crimnal intent San ocons%#rae{c#es }Begﬁ)oyf%éplilnnocent parties are harmed by the
decepti gn. JovvARY G ik TidHN vidual s or networks of individuals
conspiring to commt acts of terror or drug trafficking is the single nost
i mportant f act odtisan pbjettedf thempyessdnentjorh partiowtydy indighbelkrecest swensti ng t hei r
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reliability of. any.inforpation that. is obtai ned. 20 Presentl ol ygraph is
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questi one ecause the pol ygraph nonitors on]y the peripheral .
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sought by i'nvestigators. Mreover, variability in polygraph results can

al so 25 ar i adoreene egracias Do diedntenpeagpn ahepesiiand tegigsli OFerF Whilsr  anxi et y)

Wi th del i bagahoda) hibtionTahREs BODAIL R rEmbl:) S AlAnfANIRA thil ifdbKifkS

subjects in the setting of screening large numbérs of |argely innocent

i ndi vi deal s, sudhesastly, polyeraplakithgonly eljectiva interregationdeviseiheonsmehvsx Buat t acks

![ ::“;;_? rS] te 11 9 Ia; ! a%rf)revli:d%llsﬁrqncﬁlgaqaf, 'th‘é%aﬁ%%%nh%.c&&ﬁy%? B&%ﬁ{)ﬂ }/esﬁl'tsliﬁg ¥eett! qtllgstl%ﬂélj) ects
because the polygraph menitors only the peripheral manifestations of the nervous system.

However, the human brain, not the peripheral nervous system, is the ultimate location of the
information sought by investigators. Moreover, variability in ﬁolygraph rgsu]ts can also
25  arise from the association of emotional arousal (guilt 6r anxiety) with deliberate lying.
False-positive results are common in anxious subjects in the setting of screening large
numbers of largely innocent individuéls, such as those taking place in relation to the anthrax
attacks investigation. False negative results are especially likely with suspects trained in
polygraph countermeasure techniques, and those with abﬁormal anxiety response to stress.
30  Individuals with antisocial personality disorder, which is common in career criminals, may
have reduced level of anxiety response to a variety of stimuli, including interrogation.
Thus, it is a primary object of the present invention to provide a general li deteqtion

system and method based on an automated or semi-automated analysis of brain activity data
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alteration .of. res nse is.a basic.co of 15 i.ntentional
ecepti on. iirste e papitE BRRG el Fer et GuS T ABF PR ba nebiy bELERE T he
brain are @mmrbaﬂtaﬁnmwadaeﬂ\@mgl(@) artemaﬂ oiCa mbful fegpasé is\aadaad celtporrgt of
deception in huma . 1S a and. eff ect%t\(le tool in the

study of deEisp W@ﬂg%?ﬁmw& f‘fg}heé‘atjﬁf’li odl; 8 %p frppiplspstises PHIP PRI ect i on,

such as r ecmohélﬁ@oﬂzﬁe PdsRMicatas Llycu&g%umb@&irﬁlg debpBibn 6f hliass;and gd)QaRf i cant
new tool to the defense and criminal justice systemand for use in many

ot her 20 arigéapramysipgpedhelffstieciophig tlgre%l@gtqu?pepgorbqnd\pélvea EOSNTHNS DIQESES: st udy
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nodi fication whi ch normative values are generated to establish the
effects of sigmfiemtmaw tophleshadefinselpnd aininalyesticasisient 3nd(fer e in gamether

soci oecg(ﬂe reas% ﬁr}ulélﬁ’det% %}g%%%é){ﬂ&%lédf?ﬁﬁl&} on the brain response patterns

est abl i e presente e thus-provided 25 prototype is
useful for t he tEstiéshsfudyf prashitedlin Emdnpie 3, qgoeddssy paRelignh tvhicbfis ﬁhhesque@t ot ype
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relevant types of individual variability (e.g., gender, socioeconomic status, age and the like)
on the brain response patterns established in the presented study. The thus-provided
25 prototype is useful for the testing of actual mediaéegments. Results of the prototype testing
indicate that (a) cognitive differences between two media segments of different semantic and
emotional relevance have neural correlates detectable by fMRI; (b) MRI signal is correlated
with subjective emotions induced by a media segment; and (c) MRI is a promising and
effective tool in the study of group and individual response to media and in the manipulation
30  of media content and form to achieve optimal desired and minimize the undesired response
and impact.
Additional objects, advantages and novel features of the invention will be set forth

in part in the description, examples and figures which follow, and in part will become
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correl ation between the reported subjective enotion of craving to use a
drug and t h&test pgri§tR- of the MRl signal in the nidbrain of patients

addi cted to the ®EUgdepicts the average of statistically significant rCBF differences in 3 opiate-

20 dependent patients when viewing a video containing heroin-related segments vs. neutral
media segments, as demonstrated with ASL fMRI. ’ '
, FIG 4 depicts a high level of positive correlation between the reported subjective
emotion of craving to use a drug and the strength of the MRI signal in the midbrain of

patients addicted to the drug.

25 DESCRIPTION OF PREFERRED EMBODIMENTS OF THE INVENTION
Deception, specifically “intentional deception,” is an act intended to create in the
mind of the individual being deceived, a perception of reality which is different from the
individual causing the deception, and in fact, usually different from objective reality. This
invention provides a system and method by which regional brain activity in the deceiving
30  individual, as elicited by that individual’s inhibition of the truth response, comprises a
marker for intentional deception. The invention is recognizes at least the following: (1) the

difference in brain activity in an individual who is lying, and the same individual telling the
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Bandettini, (l\faccot?a et glo 20% ?)9 T?fl s]téchn%rul {4 me e‘léve% felateciN ﬂ\m” ’k(Agulrre In
Functional MRI (Moonen and Bandettini, eds.), pp. 369381, Springer-Verlag, New York,
1999). Mapping of the brain rCBF response to longer (20-30 seconds) trains (blocks) of

25  closely spaced repeated stimuli is also possible and such paradigms are termed “block-
design fMRI.” . .

MRI is the most established method for non-invasive imaging of brain activity,
however additional experimental methods of measurement of regional cerebral blood flow
and oxygenation, such as Near Infrared Spectroscopy (Villringer ef al., Trends Neurosci.

30 20:435-442 (1997)), which, once commercialized, could be used by an average practitioner
in the present invention in the same fashion as fMRI. Nonetheless, fMRI is the technique of
most relevance for the current purposes because it allows repeat studies of the same

individual, is non-invasive (e.g., requires no IV lines or radiation exposure) and is a mature
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an individual practicing deception.

The ACC and the dorsolateral prefrontal cortex (DLPFC) activation has been

——

reported in executive function tasks involving inhibition of a “prepotent” (e.g., basic)
response, divided attention, or novel and open-ended responses (Carter ef al., Science

25  280:747-749 (1998)). Recent fMRI studies manipulating the Stroop task, a response
inhibition paradigm, have narrowed the role of the ACC to monitoring the conflicting
respohse tendencies, and showed that the degree of right ACC activation is proportional to
the degree of response conflict and inversely related to the left DLPFC activation (Carter et
al., Proc. Natl. Acad. Sci. USA 97:1944-1948 (2000); MacDonald ef al., Science 288:1835—

30 1838 (2000)). Increased activation of the right ACC, during the “Lie” response indicates
that a conflict with the prepotent response (Truth) and its® alteration are taking place.

Differential activation in the brain during the “Lie” also included the aspect of the

right SFG (BA 8) contiguous with the ACC, suggesting functional continuity during the

10
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state and dgefRhiiry RARRY. NSHLS 188 parBEpAN fEpeitedang e@ibby 8f fibReaWIr € on

the truth, which Ieads to extra brain activation during . "Lie" but not

"Truth," asnaEEeRIBe @r alisee GKh sele Sindaltheichipisians emndpstinsdherstygdisionsi gned
to mnim Zelhoaélﬁ{/ﬁfoﬁ of AR %l&% oLt as%élaféa'vm zdogl'thg sﬁlﬂ@oﬂ&t’,ﬂaﬂ&trks%@n&o

decei ve with nodest positTve reinforcenent his case

monetary r eamrettjs) or mmt@nc(brbuthﬁrom@lroprtex, piaguad amb@@fqr@ogyaw,/ cay! Mﬂ@n@sﬁﬂ, and

subj ect Ve n f h 135 e clinicians
conducti ng "’fnf"?'@ ﬁ%} {)‘ﬁln nr(e)gfté%{dvﬁg ‘?on obf 5’5122 1r7§ | onz (#Mga{ﬁe}ht |y

associ at ed mmhlnmgspisﬁvéﬁ K1999%; dirdelddyent eb, J dspons0:3080x3H0y2000y). dios,i on

(orbitofr On}xé& a(c::tcl)‘;a ion does no eltjp%lear 0 ge ]; lé'(%"félé%é o g&{e"flys Ngv%lttﬁgess berc%usie Bgrltjsl & and
the ACC may be involved in emotional information processing, the present data alone can
not definitively exclude anxiety or emotion-related activation (Whalen et al., Biol.

25  Psychiatry 44:1219-1228 (1998)).

Co'nsequently, the present test study has certain recognized limitations stemming
from paradigm design and the constraints imposed by the MRI environment, for which
compensating considerations have been added.

First, under “field” conditions, deception involves elements of choice and more

30  elements of risk and emotion than is the case in the test situation that follows. Recognizing
that supplementing the GKT with a paradigm that allows the participant a choice in
manipulating risk could reveal additional regions of deception-specific activation, such as
the orbitofrontal cortex (Bechara et al., Cereb. Cortex 10:295-307 (2000). Moreover,
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20 anmygdala) (Gur et al., J. Cereb. Blood Flow Metab. 7:173-177 (1987);
Chua et al., Neurolinage 9:563-571 (1999); Critchley et al., J. Neurosci.
20: 3033- 3Wod2(120289) ). Thus, ACC activation does not appeZRCTUSIhe422
correlate of anxiety. Neverthel ess, because parts of the ACC may be

involved_ in enotional information processing, the present data al one can
not defi ni tbegaisy agnsskpithélity astifert Jimits BOHRE IMRL imsisig od theerbitedionsheqrighal en et

2l Bol 20 RVehl At AIaL I 22k (499N, Conseauently, the presen

test study has certarn-re ni-ze AL TOMS st emmi ng from paradi gm
desi gn and the Seosid ﬁleﬂﬂsecommwtnbyntehal 0Rhe eveni-rebaterbtast deign limtedcthe

i i dded, Fi d "fleld"
condt ¢ 1 ons. MEUEERTEN hidP D Bredrin B 5PRlaserid mdiRiEhe abTetlant s o
rR i sk ands enzﬁﬂth@ﬂtldlﬂrg%n Ooﬁse‘thhtl@'aﬁie rdphtitidheofttigsilic ahd m(tjﬂ @ﬂmﬂh@zﬁh ts ﬂSﬁSI;mt ]
ecogni zi n a in i gm 0 e
par t igci pan'? an%lﬂ}h}}‘ugies’éﬁqr‘?my %PB\%W&’?‘@W@W‘?@&J EQ@PO&@P@% %‘E’P&Atgil’ﬁ‘ﬁaf%l%gl ons

of decepti OHowHRE |e{/é1f3uﬁﬁ;td Ny dr@h, ERUE R aﬁed R cRidih e dcoithéyt of@efet®oh of
(Bechara et al. Cortex 10: 295 2000 Mor eover, 11 WO 02/ 102238

PCT/ US02/ 19@2910&05@@&%@@@ (& egsiyubi (Elaﬁ‘;/et s 19993t Tha prpeest BBGKT WRY | magi ng
of the orbigafsend ﬁb(ﬁf?h&lﬁﬁﬁauo g%&%&%ﬂ”' hDQ @a@?éf)@f‘?(ﬁqsohfgﬁfsﬁﬁmﬁerta' n

advant ages. Secon 2-second inter-tri |nt rval the event-rel ated
test desd gnmblumdtledhet dnelysis (gydrol,dfie, Siruthii | A mﬁﬁned cvant-teliged paredigmvadh fagiera
singl e sess

Consequent | %}ﬂh{lﬁé&g%%gﬁlﬁ erc}agldo%ﬁ%bllesl e?gtjlaén 3&516 ﬁte?t) |GIN!a J%%ﬁ ﬁ%zl esaztaerr y to
anpl i fy therciluthien éntepgtitionw! padiset stiofuli€Bertk eellal ¥98). BC]_D f VIRl par adl gns

(Aguirre, 1999) usi r aph ort no

Godlt nest n e it 8 Fign o E1R et AP LRSIt B Bn SRR BB Rt i

ﬁt Ib mul i ( El @ g@cﬁﬁlhnanaﬂg&l‘él)beeﬂ z!meoq@artai;@mﬁ pari28d] ad<docipital, bﬁtQ’]Ed)'t ellﬁjlgdlaé folr bot h

abi tuation and.the "o a ect equa etit of a imuli 1o

i ncl udedf i nfiRioRnEpkige e Cr%%tferelmeégeﬁrﬁwhs TR 11? ﬂ@&a@&@ﬂkkeﬁsa at ed

paradi gm w éabsefs /S NEIC achilatiBal (FarBl BSLNT@hHO00gnB! Sei 884 @bb®).i Alpipobdli al

interval (" tterB%} could allow an_even greater _reduction_in repetition of
p

salient sti 1’5'101V@ gegstien inyplves repligalion qiihe presenhEndrpgs Withe KT usingar ds (FI G
1) differed;t ﬁﬁé’%&hﬁwrﬁff@rqﬂp{ﬁﬂﬂcg%hgcéhﬁﬁ%r@ﬁ% 1658 @Er GiRCri m nation have

been associ at’e arieta 1tal ut not cingul ate 15
activation, naklﬁllgdlb’h‘élegrea@ﬁmldiafafWen@é@emm WIHEER?P gt prlygrapt he Lie

cor s VI oL upsPnsa, SRS NBRARD B AN, Routl praTigigp, ooni - S0
repl i cat i onAgtsstriest, pP¥8.e Rimulianebiun GRP\and MR réddidingsishgmpered by the strong
magnetic field and is a focus of current research (Goldman et al., Clin. Neurophysiol.
111:1974-1980 (2000)).
Although the system and method of the present invention are set forth in detail in the
25 Examples, many of the variables may be substituted or altered so long as the changes are in
keeping with the general principles defining the claimed invention. For instance, images of
suspected collaborators or physical evidence can be substituted for the cards used in the
Example. Other computer or scanner models or brands may be substituted if they perform
similar functions to those that were used in the Examples. Such changes and substitution
30  would be within the capability of the average clinician or practitioner of such assays and

within the scope of the present invention.
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pl aying cards that differ in nunber only, or that are sinple nunber cards.
Finally, the present MRl data have not been correlated with ERP or

pol ygr aptwo20/1026%r di ngs because of the Iimted reliabili ®gTafSopol4yyr aphy
(O fice of Technol ogy Assessnent, 1990). Simultaneous ERP and MR
recording is hanpered by the strong magnetic field and is a focus of
current r@&sear chn gditiemtadeiseting deceplph pr comeenlagikingwiedpe in defense gwdav 980
(2000)). Vv, are set
forth in achreitst o LN IR0 Hinglly sRAER TN D Rk

substi t ut ecbsm}uaaiyt@d@slycéologmn@ormamﬁe, 1t¢rar’ogelsedaﬁoe i n keepr ng Wi t h the
gener al principlg 1% ni ng the CLfi”EdligveQB&l t L tance, .1 nBges of
suspected col | abdPETSPe TP eﬁlﬁ‘flg’icé‘g’a%\’}’?(lj%n%n ':ann‘ff’él%a Bgst “eutEd %% t he
cards used theoushk of E-)daﬂpd:rﬁploﬁebr&rremdafpmttm arfiira® mﬁeinvémgﬂicmspr brands may
be substituted if the rm. simljlar f nctr qns t.o thqs wer e used
'h the Exanpl es 2 BEERCIERT ABRITHNG: QEbe et BT AR R ne
capability rﬁédléalf'@rsﬂﬁlﬂzagﬁmﬁ'ph%t@hlﬁi"gd%mﬁfeﬁﬁh&lﬁér@ﬂﬁr of such assays and

wi thin the scope_ of resent invention. 12 WO 02/102238 PCT/ US02/ 19422
In addition to éép@/@bl.amj dé%@%%i“@r? Fetivasesssnad okhe Rragarse of pryehothsiapy aand
law enf or C%rﬂeheedtb@%nméds@ﬁruraﬁ%cm F,tcﬁﬁa&é&%e B intABRA LGN hGlkede civil

| aw, commerce psychiatry and psychol ogy exanple, it can be used for:
1) asset® i MHCPNSAOBELIWPPIEEHIOTE iwrhrclh is wndikaly| 1 preduesrdensntiah-tynabsain regpensenard (e. g.
SCreening Obscsd AUTANNR, fle LEAREA SORbAKTISSLA: %) ANLAR:  Aabfignant I ax
attacks investigations 2 ega app fcations, such as eval uating
clains for @8%@hi atric and other medi cal disability against private and
government insurers; or 3) psychiatric diagnosis and objective assessnent
of the progEXAA&RUE&wychotherapy as evidenced by an increase in brain

activity characteristic of entian deni nst ead, of, 10 unconsci

suppr essi on, P@ﬁ W@mQﬁﬂ§ <§mb gbﬁ Iﬁgﬁet% BRTPIPH OB H T MFggggﬁge and
assessnpnt fbﬁpmﬁ@gbwfmstrahbma thése skivied Bxthe ar¢aad e Sof inehaet ®©be dimiddg., Neur on
17:267-274 _(1996) The invention.is. further describe b}/.

exanpl e. rMo@R‘éﬁ’iﬁPEEXal% ot t0,peCopPEFe dR Hmitipg t‘rf'orcowr fgBswpoyed claims.

i 11 ust r at i O Qné H9ERIcAKLSLIE sh nd st KiRoRittucd ATTEbiRY 1BnA@t ity BIseRlgt 0 be
limting. Moreover, the exanples are not to be construed as Irmtrng t he

scope of t HEamplsehybrthersherd be qrsauedie gnjoppasteny AnbHbYATRtPs HEchReFOBe
construed ag8iQf! RG rbdulf B ERNINBPrdvRlch AR

20 Example 1: A GKT test study
Twenty-three (23) healthy right-handed participants (11 men and 12 women) ages 22

to 50 years (average 32), education 12-20 years (average 16), were recruited from the
University of Pennsylvania community. Participants were screened with Symptom
Checklist-90 - Revised (SCL-90-R) and a DSM-IV-based interview (American Psychiatric

25  Association Diagnostic and Statistical Manual, 4™ Edition (DSM-IV))-based interview to
assure psychological normalcy before the scan. They were also questioned about symptoms
of anxiety, if any, experienced during and/or after the scan {SCL-90-R items 2, 4, 12, 17, 23,
31, 39, 55,57, 72, 78} (see survey published by Derogatis, et al., Br. J. Psychiatry 128:280-
289 (1976)).

30 A “high-motivation” version of the GKT described by Furedy et al,, 1991, was
adapted as follows: (1) instead of handmade cards with written numbers, numbered playing

cards (FIG. 1) were used, (2) two non-salient card types were added to ensure alertness and

13



exanpl es, but rather, should be construed to enconpass any and all

vari ations which beconme evident as a result of the teaching provided
herei n. 200WmzaomBe 1: A GKT test study Twenty-three (23) IReaIUSNY19422

ri ght-handed participants (11 nen and 12 wonen) ages 22 to 50 years.
(average 32), education 12-20 years (average 16), were recruited fromthe
Uni versity aﬁﬁntmmnéw mﬁphfocwmttoﬁrepﬂamqﬁlmﬁh@tmﬂé "El@err@éﬁémtm th

Synpt om I Vi ew
(Anmeri can%@@ﬁl a F?@O%qg@ﬁés/és%%ﬁa@ a%Pagno ?lgﬁean?\égtngétu?@ |ca H’k]@%ual , 4th
Edi ti on ( DSMrineds)wasaadatcd byt e evavrdaed MMWd[@ydbmrn@igoate hQ%’DrHF@y (Bef ore
the scan. The

we al,so ues i-Q ut, anxi f any,
experlenced’a@é?ri‘%ﬁ 8%6‘7‘3? % Fﬁgubggi‘ﬁ éLn?fg%glaIﬂrl%ﬁEd aylﬁl 17, 23,
31, 39, 55,(“Ndn-Tdget”)] 8Jof (Feads (swmey, apd o bBMeWGRﬂfcﬂ’@atl s, et aI , Br. J.
CoLEr) ek by vundaeRon T b T T S TSl Nt
escri bed by urk ad o
handmade  cardsoprbw i det drRitnidd B @l estion MREKIS thenloaY iSpaHesTab detedtFl G 1) were
used, (2) two non-salient card tTg pes were added to ensure alertness and 13

VIO 02/ 102238dimomriue Siq owsenscst ThnEPRFPl diecc e BaHePYis fogpad thedustiensionof
repetition gfof aﬁlecaﬁﬂl 1o} AR EHS an HARARER Vo~ kiBonddl IThé Rb&-Tafgeet | ti on of

the salient stimuli and thus“a special effort to maintain partlicipants'

al ert ne¥s vipisodiicest 2t apredygnce ebragdamness aldgeduged habRpatiyarand bgrederadhagis (Aguirre,
1999). Four b

di fferent nu%é)éerdelg&% %%énﬁ%sﬁﬁg%g%qﬁgﬁﬁ%ggv 91)52’131-51&# HI—EQ&}% ghsem}fsreag_eé") ,
and 10 of Shades nuiBendfitohds)as Lidte chite] fixdime eFicgetrepetitidn (habitbatiomx ds carri ed

e et | 5 b S 3E5E i 07 2 el B REPRRER >

responses. ti¢iepdorétihiotewiany \G)@.ﬂd bé®rpisd. | Thipanduwmtddao emmkmme Guehsibbatist on

Non- Tar fet. FEBIE i U LBEciar Spb B BB o U oL sanpaiBede Lie
n- Tar ge

habi t uat i onaRnNehd@IBRRY thd@ith aBout BeRREEIbeidg AL Y of $P286s. A58, dFutheind

repeat ed| ystresent ed over 22 mnutes. Truth was presented ‘the same nunber

of times ascaniel were@ewentes 16 imes prd eaph Nop-Tareet wapsipsenisA ophydwice (st # gl
Partici pantcﬁ" 8\§'§ﬁﬁuﬁ O{%Qaﬁcﬂﬁ[ ndnflbe} erla’ﬂoleﬂ %5%9?%0 ¥ tﬁ@§tgmﬁf %{chtv@@ t he one

hi dden in their pocket t rewar orfelted. Thi's anounted to
endor si ng trhesentedifdy 3abennts eash. ThGintemsiimylus nseriig et d 2 gecondnich gmittg KOVar ds,

den: 0t B LYNRL bt hoh B ke oo, nd endorsing e
PowerLab software (Chute ef al., Behav. Res. Methods Instruments Comput. 28:311-
314 (1996) (MacLaboratory, Inc., Devon, PA) was used to assemble the GKT from scanned
images of selected numbered playing cards and add-on graphics (FIG. 1).
All participants were familiar with card games, but had no history of problem
25  gambling. Participants were asked to pick one of three sealed envelopes, all of which
contained a $20 bill and a 5 of Clubs playing card. Participants did not know that all
envelopes held the same contents. Participants were asked to secretly open the envelope,
mémorize the card, put it back in the envelope, and hide it in their pocket. Participants were
told that they would be able to keep the $20 if they succeeded in concealing the identity of
30  their card from a “computer” that would administer the GKT and analyze their brain activity

during the MRI session. Participants were then positioned in a high field MR scanner (4
Tesla MRI scanner, GE Signa), equipped for echo-planar imaging.
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Control were presented 16 tines, and each Non-Target was presented only
twce, for atotal of 88 stinuli. A random nunbers generator was used to
order thewstoered2s8 whi ch were presented for 3 seconds ea®oT/UShz19422
inter-stinmulus interval was 12 seconds (Aguirre, 1999), 20 and thus the
entire session |asted 1320 seconds (22 minutes). PowerlLab software (Chute
et al., Behav. Reeompvtari¢Apgie) maning RemerkatCandduterfaced vathla vidaoprojedosyas

e aPof b p B poidP MK F ko WSS hel A REARID I8, AR RRiAGAN NS

i mges of selecte ere ayrng car -on @raphi cs
parti ci pantissideethe rddarfichiakcy Weddrvodaf HesjantNo” tesionbadvaromads with g right-thuobl em

25 ganbling. Participants.were.asked to .pjlck e .of re ea envel opes,
271 Jof wihi giess 8B AL RGP RIRES G| TerPoRsepag U lie degigns. %F%ﬁ%‘acggg

Parti ci pantRespirdes dre Katiback foathe Abple competbiindedoeded by hige BawELaborlnagd S.
Participants were asked to _secr,et%%ag en the envelo j ze thﬁ%lcard,

e, J

put it baclkSHsHAREVahDErypRizedKiih Pl?rf’sepﬁu?rh’é‘iatn eﬁg‘gﬂ‘é]f‘tgg %#’Piﬂcﬁf}% s were
told that tieyeipred bz M®E tRweRaRAdbhGihEdh dffthd dfiYe SHRGRREFE fdried in
concealing the rdentity of 30 their card froma "conmputer” that would

admi ni st or thedaina (@1 a0z 858 KA1 makiE e EicoithigkTeey TG SEHeIRSs
sessi on. PagLd GLPRASUENE LhER IR LAAREH i oo Sl [0 BLLal Seponge (4

t
Tesla MRl scanner, GEEL i gna), ‘equi pped for echo-planar 1 nmagl ng.
02/ 102288 ReFruUsSandegdi@s. A conput er (Appl e) runni ng Power Lab and

interfaced with vi deo_proj . - | et T onto a
scroen at the pAvpiiEuReRl R phroiil HREE kiR AR SRl Adicl ol el
r adi of r equeshypheadmaging (21"stiess; 5 ann thikdhessaspdurs dR W08, TR dd0yandeffactive

right-thumb ress . on - n fijerszpptic response, pad (Cur.rent
bectgns, pRFEaERRIRR of 3R X o Esh e AR s RS e A orrput o1
and recor daghnbitrréd® JRa¥REkaburcd (Fag @lirapardi1s] SundVIicraSstents Aicudttiz FibwiiOA)

sti rru!i presentation in an eyent-rel ated fdashi‘,on. 4538 tt% Ti -~ wei ght ed

| ocal i zBr dRBOIAErecpastgirtian Segeeiien far JRagsrdivtertion Arg dlEmsteir-spageline 5% or med
in the axiglepl Age whd b&sR 6Mhe d%é@c?ui?e'é@uﬂﬁé Plha¥e-erfcollBd kdréiRe thigikgness) .

This sequence was used both for anatom c overlays of the functional data
and spati al(Arepr@ddides B 358 (1998).data 10 sets to a standard atl as.

Functi onal i mgi aREYS QY B b dan aBcliBla W) ARGS LN L. Biah i ce

gradi ent-echo ec lcS)-p anar 1 m |nfgﬁ?21 slices, '5 nmthi c’kness, no skip, TR
5 3000, TE Map®g nheb-d89 E00Pa)pHum oRrein Meprargd:1 8240 (1997 using SPH9% 4 nm  The

f VRl rayy ec H r source
(sun Ut R BB DLl B Col BB AR ) DR Bh Qb bited fy Ay BTZAY 201 12
r econst r uctMethwofksy ihe¢ Shaborf,dvi A),vatheandhstaotitve Data dackuage EDha(Reséargdpace | i ne

errors Systems, Inc., Boulder, CO) interface developed in-house. The T1-weighted images were

normalized to a standard atlas (Talairach et al., In Co-planar Sterotaxic Atlas of the Human

Brain. 3-Dimensional Proportional System: An Approach to Cerebral Imaging, Thieme, New

25 York, 1988) within SPM99. Slice-acquisition timing correction was performed on the
functional data using sync interpolation. Functional data sets were then motion corrected
within SPM99 using the first image as the reference. Functional data sets were normalized
to Talairach space using image header information to determine the 16-parameter affine
transform between the data sets and the T1-weighted images (Maldjian et al., J. Comput.

30 Assisted Tomogr. 21:910-912 (1997), in combination with the transform computed within
SPM99 for the T1-weighted anatomic images in Talairach space. The normalized data sets

were resampled to 4 x 4 x 4 mm within Talairach space using sync-interpolation. The data

15



on each image was based on the data acquired during phase-encoded reference
i magi ng (Al sop, Radiology 197:388 (1995). Statistical analysis was

per f or redwa2dex6s i bed by Friston et al., (Hum Brain Mappirrgo219485- 189
(1995a); Hum Brain Mapping 2:189-210 (1995b) using SPMB9 20 (Well cone
Depart ment of Cognitive Neurol ogy, UK) inplenented in Matlab (The

Mat hwor ks, setsovere Shantipdrusing AR x WRix 12-mm fud vddthet halbmpgitwm Gaugsiage (1 DL)
(Research c., Boulder, CO interface devel oped in-house. The
T1-wei ght ecf‘%%ﬁl%@e\ﬂﬂee?e normalized to a standard atlas (Talairach et al.,

I n Co-planar St eiroot}mxtaustmal Esanndtrid imepﬂihgw@PM)Blnaliysis adamdmeah bémoobyhamic

Proportional st oa to Cerebr | magi n w 25 York,
7088y wi ¢ hitEePabEBeten R PP R e B ER 6 A LeePRYfed on
the functiwitepropértiondlsdaliflg S§RE ichaple @idand. ardr@aral Emb6thing@dtreflibg as€highwer e

t hen notion corrected w {hin SPMD9 r e as the_reference.
Functi onal D&t iAltesg vegeaionBed3s neg ot et%%‘li' Sl’sacs%h’lsbral?gtl‘?}lsm?’lﬁ‘ (glﬁ%le header

i nfor mat i onyd:e gElRtRIIUSHE thdEendhl RedaPRBEA(GEBM)Wifin smggsfwrnmnb@bwn t he
data sets and ?he Tl -wei ghted i mages _(Mal djian et al

Assi st ed TowBsts pwen zegrasgigy poetfigienty wiTerpgneraind Withn S(Hwﬂgaﬂ@ﬁwrm
conput ed wifhin. §é\(§91- gr- the Tl-weighted anatom c inmages in Talairach
space. The normaliz ata sets were resanpled to 4 x 4 x 4 nun within
Tal ai r athh space Amcmgi bye;i@nalmiewmeaﬁonnw toBarcrala group ﬁBMA@smg/armgB

hal f - maxi me rne f7 ¢ar pararre ric
mappi ng (SF’NMS’M&%&l The &smmrg)Sﬁ’M@i} rﬂr@smﬂ@astahutmn afém%eof’ﬂmm on wth

o 200 oRgt oL o S LNOLGRRRETRIRHES B2 BE3 e HISRReL 5 1"

and hi gh pa&meﬁ bvdilable ml@mmarfaa@emwdxpﬂsmg thadiffeddnct h@w&ﬂ\tham&demds SPM
projection maps (SPMs)  were generated usi ngget he@_eneral | i pear del. (GM

wi t hi n SPVIPAueqy 9l AL &Yrs) %r@tthe FLFERS pepiad ymhfl%f@rnéggwaﬁn% reof c. ents

were gener aligd whé RbRer 3RS A7 dnlb e, ﬁﬁ'lébs 1i&QY eV tat t0 béc@r YiSarklod. [P is tHD A
second- | evel anal ysi's was perforned generate grou SPMs using a random

ef f ect s nodupbahilithpicegpnpglugiof & orﬁeandﬁhﬁeﬁhomf&at@ of PAStcorgpied forspatiss et
al ., Neur Ol&?&? 20% )Sﬂsﬁ% eory u§§ fid10%s Me}n%nﬂg@ SENodl1 &hdiddtidt 1 ON

of the val ues o anst orne e unit strl bution SPM Z}
Both Z and r¥gipes \M@cs petogiptically dpedd usmala@@tahwl latis| (Liﬂflmem ot ffaldms.abl es

expres S& ng I%E‘u%l z(zjclztgoneéo%u(fa. @S}])"%%2§_%4P P@%)\f,%lch had been previously normalized
to the same SPM99 Talairach template for use with the present fMRI data. The resultant
thresholded SPM was overlaid on a standard T1 template with MEDx (MEDx 3.3; Sensor

Systems, Inc., Sterling, VA) software. ‘
Subjects were excluded from analysis if they made more than two errors responding
25  to the Truth or Lie stimulus or more than three errors total on the GKT. Participants were
also excluded from analysis if their individual Z maps contained nonanatomical curvilinear
change in Z values, indicating a motion artifact (distortion of the image by subjects’ motion
during the scan) (Hajnal et al., Magn. Reson. Med. 31:283-291 (1994)). In fact, during the
analysis, four participants were excluded because of motion artifact, and one because of a
30 100% error rate on the GKT. The correct response rate was 97 to 100%. In a total of 88
trials, nine participants made no errors, four made one error, three made two etrors, and two
made three errors. None made more than two errors on the Lie, Truth, or Control cards.

Therefore, the final number of participants included in the analysis was 18.
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15 frequency of an event and the an event is expected to occur by chance in
a given nunber of trials. The higher the value of Z and T, the less likely
t he eventwoe2o0exss at random P is the probability of cerCcaiusovs4ere of Z
or T, and thresholded at a P of 0.01, corrected for spatial extent (P <
0.05), using the theory of Gaussian fields as inplenented in SPMD9.

Anat omi ¢ regi oﬂéonmald\lamlogimlﬂmmwcq%dimi@dsﬁkwﬁg’u@uﬁivq'm eonveyRd infpl as
(Kikinis et t 23-2241
(1006)) . wiieotiets %Eg“er%‘{hacgg%dﬂlgageéﬂe%%?l}r‘g bR b o R b3S 2210
tenpl ate fc(Dum anizd, hﬁ'ctehee m@éémwf(maap) atd tapatoriivel and Brbdraain ardah{B4Ahol ded

SPM was ove al d t andar ensor

Syst ens, efm%‘f‘@%ﬁ’f‘ﬁg ﬁl ﬁlfacg(?ﬁ?s\/@agga%lfgfl @gsmgﬁ%&% qopg?‘ﬁtanal ysi s
if they Smdﬁhﬁ@heoﬁdi’@dh Awhd enditios B eapeytiilynghsitR differdrioes (Bh itickeass); thi e
stimulus or_nore than three er ors, t((')tal on .t he G%T Partici pants were

al so excl ud@ffc??“é‘?ﬁeéﬁ%?vg?réedi ‘F‘H’é‘P]F B minus il s porforgisd- cont ai ned

nonanat om gadsygyr vil i near change in Z values, indicating a notion artifact
(distortion of the i mage by subjects' notion during the sca'%s (Haj nal et
al ., Magn. Resonnthgedie ‘§1T121§é-°29t133( ([able)l) Fig 2), ?@Fﬁm R glmgers 131&5%119& s,
four part | A@BRLShGRYCTIAS: BEGaHS6xP bl bhdfle kP 1Pk because

of a 30 100%err r rate on correct response rate was 97 to
100% |1 a dirguidte gfrus@CQErtp tHegnedinl aspegianf thegighbspsriordtmtal gyes (H@, four nmade

more than' (o idfie BACH, MIRnEE] A5 A0 b o TG Y55 BofdlRes ADIRRIE
final nunbemdddcapgeaks i {30548} amt{(l;lfe@}t lThb heroad &l ayHiFexeadusids, U]sBapélD
02/ 102238 PCT/ US02/ 1942 Montt e ical ttut 0 ate
(SPNDS out U TFeTEOIR A B emadier Bopaert ¢ st E83bhNa os
(referred tedstof doriéx ZBA 6GLBdraging dii(BA B ra@can) dndans fip/oMing (R afiatorgiarial
Sci ence 289: 457- 460, (2000)). and nc nd Brodmgnn, ar

” erbthof B

A
det er mi Hed PrER{TPRh er%ﬂngﬁ syfops teyt % fntggparigta Sulfg%g?)f 1%@?% SPMBO,

a " cont r asteqge o PEAWOR RithQNHotal %vﬁy pat a@g-@gl 17,09} Bdnedatpdags ANLso;Noghtive
di fferences §an increase); to detect a decrease a reversed subtraction (B

m nus A) wedde¥% b e dheraeqs peregionp with ignificantyignal dreigessr SeoMG-dst ( Tabl e
1, Fig. 2),phDef erhifich }%C{th%stg pfal agmktfdzcm?]mﬁ%ﬁdﬁfamﬁea' (BA] ease.

Theflrst is a 146-voxe ust é fromthe left anterior
ci ngul at e gyeationy ¢¥EB) paalss Qﬂvetlwedwwhmahlp@(st(FK} 2) psigrifeant B\iResignet front al

gyrus (%FG)dlg?rﬁncl Hq{mg‘?% ga?xd% ’a&%]]wnsgl obal activity peak at Tal airach

{x;y;z} coor oca peaks at {4;33;43} and {0; 26; 47}.
The second i s—a—94—rexel—eluster T’lana&k’&ordmates )
Cluster Z x Y z BA Gyrus
size
(voxels) A
146 3.8 -1 16 29 24;32 Anterior
cingulate
— 3.17 3 28 43 6,8 Right superior
frontal
315 0 24 52 8 Superior frontal
91 3.58 -57 -23 41 1;2;3;40 Left postcentral
— 3.40 -54 -15 38 3,46 Left pre- and
postcentral
— 3.19 -50 -3 49 6 Left precentral
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al ong the craniocaudal axis, extending fromthe border of the prefrontal to
the dorsal prenotor cortex (BA 6, bordering on BA 3 and 4) and al so

i nvol vi ngwohe/ieas®eri or parietal 15 cortex fromthe centralPCIuiSous4ed t he

| ower bank of the intraparietal sulcus (BA 1-3 to the edge of BA 40), wth
a global activity peak at %-63;-17;45} and | ocal peaks at é-59;-10;41} and
{-55; 3; 51}. Thed®awdoseldevet diisheld Tvi 2A7.9F §RIOL vagrrrested aad 0.8& eereagted forSee
FIG 2. Ta L b r - ' Tal ai 8) and
Br odmann  Aceg P AbRISEA B G RLERIRH0 i B pititheFhorngnal 8 )
(FIG 2) ofglshaypéakiof thetchfsivRlitalicomeprescnblodal fpkalserithins sdoet coptguotis clesterand
"Truth" conditjons. Talairach coordinates Cluster Z XY Z BA Gyrus size
(voxel s) 1@%‘—5‘—‘% S91%°1 16 29 24;32 Anterior cingulate - 3.17 3 28 43 6,-8

Ri ght superior Theestuhld dentbndtbatOthddthbr2 aft heygembledifferant dbtwddn FifgBnd57 - 23 41

1:2:3;40 Left. stcentral - 3 4Q - - D4 ft pre-_and ..

post cent r al tel&l‘.ng 816-@& USHIZ/Ry o1 I@}aﬁ fﬁ@%‘&%ﬁ zﬁ{lsﬁl?daﬁ% gef/eli > s gndmg

PCT/ US02/ 1Qﬂmated\iﬁateheré/%aiepio?uﬁolégiéae giffekéhed bétwderbdecepion a0d Bth aupeor r ect ed
and 0.05 corrected for nultiple conparisons, spatial extent threshold >80

voxel s. Boltainapberen keuelik sk detec d“g'?hdyg?l- gRogyomicaledigripionof jtalics
represent |qQe tioﬂ-‘?@g‘c@%é\%tfvﬁ%& RETRCAN dBRBR il &nflict GHACAHESBRARon of, ThE

results denonstrate t ere are neasurable difference between Iying and
t el | i ngla hethe pugpetenisirmihfudresponsee Fatthet refiyRments of the@a@dipnnéasign apd idageept i on.
This findi L.ndi ere L& ' ' | f

petveen decBptVSR-RITT R HOLHEHE SR RSt AT SR SR e R

det ect ed widréntihfyRladesTdfelccaptivobasedipahi familiabit indire GKT, deestipg itwrefieet it ed

activation i ngi cates that deception i.nvolves conflict wth nd alteration
of . 10 t he REBGRE oL TiRU Pt B SIS TPt RErerlhie i meE e ¥ e
par adi gm desh@ikndfih redpafe to the presented stimuli) could further increase the salience and the

15  statistical power of the simulated deception paradigms and establish an activation pattern

predictive of deception on an individual level.

Example 2: Recognition of Familiar Faces.

A conspiracy suspect trying to intentionally deceive an investigator about being
acquainted with another individual (e.g., a co-conspirator) exhibits two parameters of brain
20  function detectable by fMRI. The first is intentional denial of recognizing the co-conspirator
(or his/her image). The second is response to a familiar face or object, which is different
from the response to a novel face or object. |
Studies of brain activity patterns during facial recognition have shown significant
differences in the brain response to familiar vs. novel faces as well as the effect of the degree
25  of prior familiarity with the displayed face (Haxby, 2002; Glahn ez al., 1997; Henson et al.,
2001; Schlack et al., 2001, Gobbini et al., 2001). Thus, when the principles of Example 1
are applied to the question of whether an individual recognizes a face or not, the present data
- indicates that when faces are used as stimuli in a GKT type paradigm a response is as strong
or stronger (in amplitude and/or spatial distribution) than the GKT paradigm established
30  with playing cards.
Studies indicate that this effect takes place even in the absence of awareness [Milner,
1997 #111; Berns et al. Séience 276:1272-1275 (1997). Ishai et al., J. Cogn. Neurosci.
12:35-51 (2000);Haxby et al., Biol. Psychiatry 51:59-67 (2002). Consequently, the
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anal ysi s nmet hodol ogy involving e.g., testing the effect of handedness,

| anguage or gender, or <creating grades of deception based upon famliarity
in the G&Wpoenoxesti ng the effect of inplenmented counter Pogasoz/es2by t he
subj ect (such as, nor responding to questions or comands in response to
the presented stlnull) could further increase the salience and the 15

stati sti calpriveimtss seitfortihin the AdRhdeeptvadapdigonoidieaiicghere aprlicalle bhddcemioan

activation I l4.. EXanpl e

2 Recognt ¢ an ik Sy BRRLEhoRate GRRERNICI0N B of SaYy N muplE e

i nt ent i onallryindeicetynesoaiatadrwithstovglatsofamalirw dacidb er olygect arvqgraition wdhautt h anot her

i ndi vi dual cfe %g a co-conspirator) exhibits two paraneters of brain 20

function det&eFSBi e by fMR. The first is intentional denial of recognizing
second is response to a famliar

t he co- conspi ratlo. Tg
face or “objEEH—Hwhi—<€H e response to a novel face or
obj ect. St udi es MPﬁnapllas @attfcbrth 1hthom{RIeirea@ndmpam@gﬁmeahmpbaogay dlsae have

shown signifi rences |i brainr onse to .ar vs. novel
noon ot Onpplialh indvigrL ROV ER mobid Bbppat sk 3F AP h HPh o) i 1 he
di spl ayed fzgetibia X AhoudBGR this3aed) RatBdr tl@dn exarh$hé; for@desstivnethe dhta is L%@@ﬂa
Schlack et al., 2001, Gobbini et ,al., 2001).. Thus, when the principles of
Exanpl e 1 iBfeepreidha sliat ofdhs méoraaten obte B?dl‘(kﬂl%‘ﬂ hE#s uses thedmoragaterisiogni zes
a face ¢f nQLip rés@@ns@rﬁg eferlR! BleasuBicC BlcBoldd AembRRBy dkdzaSinfilifo HGed as
stimuli In a par adi gma response i's as stron or stronger (in
anpl i tude am@m@wonmatq @hlems ?ﬁllbbiPﬂI@P@CttﬂaﬁSftl%éewsﬁ ¢ Bgiofmagsetigbl i shed 30
with playi tudi even in
the abs ancaePiaSiel d iR MG G0, 4 S End Syt g S

276: 1272- 128&ohded Sryamrheraiml awgliovadual mekia. Cﬁlxjmctsmemetﬁstﬁd and aily36d Bslin( 2000) ;

ot 2 RS GRAS Bt SRR BRI e b 4 VO

par adi gm ofrefuttaiplaer. 1 are applicable to deceptl on regarding

acquai ntanceshi p and are conbi nabl e sequentially or serially w th mapping
the brain Qﬁi&a—gﬂ%som ated with novel vs. familiar facial or object

recogniti on W t hipbfects §RHEME bRlindmEN28ghRnScoldfod hidtdian Pensad by thédisat

I nformation. The principles set forth in the IV Rl deception paradi gm of
Exanpl e 1 rigdiasegmenieof sapprmaton d Whilsirndamaniae B aicnef hediua 2Phrsiht i on,
such as Mgy v&)@uﬁie@mg{ré i ik Qfssys@&atléigi/& lahé & NIBT sﬁ{e‘hh@rﬁg, Riatatcditied bgase,

rather than exam ning f deception, the data is used
20  the inventors 1nd1cates significant carry-over effects from the drug to the neutral cue). The

target film used depicts two male heroin users engaged in drug-specific dialogue while.
preparing and injecting simulated heroin. The Baseline film is a nature film about the life of
hummingbirds. FIG. 3 depicts én averaging of the rCBF differences between the brain
response to a movie about heroin use and a movie about hummingbirds in 3 opiate-

25  dependent patients as determined by with ASL fMRI projected over T1 MRI in Talairach
space. Both films have been validated by correlation with skin conductance response and
used in several previous studies at the inventor’s laboratory.

Imaging consists of a sagittal scdut scan (TR/TE=500/10 mseconds, 128 x 256, 5 mm
thick, 2minutes), an anatomical scan using 3D inversion recovery (IR) prepared spoiled

30  GRASS (TR/TE/TI=33/7/400 mseconds, 192 x 256, 124 slices, 1.5 mm thick), followed by
the fMRI using the arterial spin labeling (ASL) perfusion sequence (TR/TE=3400/18
mseconds, 64 x 40, 10 slices, 50 mseconds acquisition time/slice, 8mm thick/2mm sp,

resolution 3.75 x 3.75 x 10mm, FOV 24cm, 180 repetitions, 10mins). The ASL sequence
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interpret the effect of the information on the individual. This uses the
known patterns of 10 brain response, e.g., aversive, pleasurable, exciting
or nmenoryweweldzngs stinuli to adjust nedia content to achiPperasa2/tsi rabl e
"inmpact. This study explores the use of magnetic resonance signal as a

mar ker of cognitive (e.g., attention) and enotional (e.g., arousal)
responses toonggsmbintsiladved gthbeMicenieol) amd diice-seBothjec(babs]) arversigirecyeny gaardent

anal yzed as I cer ntation
and eval uat |016€eco]$f§ rg%a ?I&SI%&SS énz’eél éghags)g‘}’%eupﬁgg a a)1 E’ggda@é lgl tion:

Subj ect s vilewlihhe Ihﬂ&ﬁiZBlﬂE sysicinarreeigteen acqusitiors! Tihetleratiad 9f th@taggmgd by the

t ar get se n sane dur random. zi gl of the
oo it P bl bT B PuC Y SRk M bf s SR S AR S ARGTR O
MRI SyStsemEl?(][)Ifﬁulseﬂ%ﬁllaw&D%bua le@bob&pamdbbmg cwyee/rtiems 1md‘gdlra]1€@.h@ﬁorsllgﬂltétr.lcant .
carry-over e ects romthe u to the neutr cue The et m use
depi ct's t woABINEheAIcH 15 F0aRt Oéﬁ%gata%ﬁ?aﬁ Tae gy 73%?5% Pemmuﬁva@%%%ﬁ
preparing aﬁ'ﬁ'ry'3@]s@%ﬁ@ﬁ'nﬁ'a%isé‘i))@ﬁnéi'&raﬂhdhed?3'@ fingeg filmis a nature
filmabout the life of hummngbirds, FIG icts an averagi ng of the

r CBF di f f er enced\spusemet Rf thsdesiredp Hse %@ﬁ@ﬁ@@dﬂ%&ﬁ taraetiseca®t 4d ¢1bsToi n use
and a novi %b?évm o, fefih @9@! d5d9erkibn, ?se%l %ﬁsag&dqﬁﬁ@ﬁg&ﬁfg ﬂ@?}bﬁ dap

det erm ned projected over Ti Tal ai space. Both
filnms hive foedmieabls da@ceﬁnmpslofdhnoeg@mt A sesbiph §uh3¢pts:@ndm@spams@@ad wstbonse and

consi st s o acgeB e VBT bl e MR B lBec WA QblogbBBRE "]

thick, 2m nté ﬁim)va f@hn@tatﬂmmmhgmya Mddgiong pafametw:eamsh esiskirecondestyncg) R)

prepar ed spob) et 0, GRS (1 I T 3o ThdRRomRRcands, J097%,16200 1 A2d:

| abel i ng ( ABbgedprE:f Usi on sequence (TR/ TE 3400/ 18 nseconds, 64 x 40, 10

slices, 50 nseconds. ch| sition tine i ce, 8mm. t hi ck/2nm resol ution
3.75 x $75 x 10MH# enf@@ﬁ% chlmaceﬂ@ﬁhﬁéﬁmqfhgpmse% ®nce 19

WO 02/ 102238 5’@5%@@@%%%&% aGRO §ibFCBs Bt dnd v RNeE IMAG i@ BEPrisntaRdseP! ) and

slice-selective glabel) i nversi on recovery gradient echg echopl anar

acqui si t i orpdtacheddpiieiinside of fherrpdie digaugpay Berd cpibcthe soangsgieliesed b ais pi n
| abel i ng t Oco kiBh ﬁﬁoﬁégg)fla%ﬂé B t‘ﬁfera@éd Bk %plﬁ%ﬁﬂhb%‘tt%ﬁlﬁ&sscarﬂeﬁmqw ation of

the tagging ou5|s I ne ayl ng ut a Saturation pulse at the
t aggi ng r egYideosare BDMinvtes arf dl@ﬁthrh @ndSaerI@Pqudl kecfollpwd oyne d-niiyute blenk gewnd

post - | abel i i J i he

canner 1 s Sfestfud WRkEVAS CRMEBRRY SRl G, YA uedd Bkl

sanpl ed change in cue-induced heroin craving. Subjects respond using a fibro-optic response pad. -
Table 2. MRI session timeline indicating onset of the variables in terms of time elapsed from
beginning of the imaging session. (x) indicates alternative (counterbalanced) order.

Elapsed time 0 6 16 20 30
(min)
Structural MRI| x

fMRI X X

Target X
segment
Non-target X
segment -
Subjective X X X X X
symptoms

20



every 30 seconds with a pul se oxyneter attached to subject's finger.
Assessnment of the desire to use drugs depicted in the target segnent and
ot her suwpeetd2zes f eel i ngs, such as aversion, sexual arougalr/tsnz19422
remenmbering, are performed at 1o fixed intervals or continuously

t hroughout the session. Subjects use a response pad with multiple buttons,
whi ch perm_D&ltj_ﬁM;ﬁ communi cate the degree to which they experience the
above Teel 1n0S tfidi0fecbEkh 0AEAL corf Al ANBomRFANELE Sndttieh 18RSI N
conduct ance, penl tunmescence respiratory rate and bFood
pressure arSPMQoS @& htqb detvdfilien ndedekl). Ther snnahfrldsl inddgeddire elniftedhindimeldy

witten conse ects are b Vi deo se nts are

bt of ect ed ot rarsbiToEE S eierelpd i, Pk B PO RN ieash e BB 21 o1
pri sm glsas gaiwisaktacbtich edwidnehd ﬂimedratohéd Iabel and corrol nedpae NELG. hdepﬂctediel The
sound is delivered b conducti pn, t hrou c.tubes

t hrough earpirEgdo Me%t ee‘f]ﬂ?%eemél&eaq%ﬁlé? toyis¢ g“é‘”?‘aﬂgif@&@a%ﬁﬁéni ‘?es in
duration, amdbaituréd eofdRdordCRIVI@sRE dftciRd dsiig theleenddhIPNSIgieiisidh) SCreen
during whi ch VAS is adnministered and MRl _is halted. VAS is used to index

the changen?dsl (Gt pigerie eingdhoime ardRATrYS Yde) e @gmp%rgcbwﬁamagw RYS wing

fibro-opti gpypgponse pad. Table 2. MR session tinmeline indicating onset

of the variables in terns of tinme elapsed from beginning of the imaging
sessi oni0 (x) i ndidieithed agiivatemaiapseitlies betn peedsreladine eepifieieribare nprmagliceditot j me 0

cegnent. Su ﬁ%ﬂa% At Yol S bt G DB 5 ihe RERTRRI MBS 0,

Anal ysi s: [Datin afess aseadaiat wiile bladteofarvingrmad ploeialegit¢ad darhmetersorithambeth thef act s and

snoot hed usj 1&{2 A{N f| | .. on ucI ac. uk The ries of
abel 1 maodutapLakdiny vty ANGEAs s v b g Bt RIS
i nt er pol at iteBtudygiclctséto of drogH tusamt tesﬁﬂgp@umuen,g”emmb@de@yn-of-mterest

15  analysis to further study the temporal evolvement of the time-course of the CBF change in

these detected brain regions.

1) Media segment of high emotional value for the target population elicits a

different brain response than a media segrhent of neutral value in the midbrain, the thalamus,

20  theinsula and the amygdala. This effect was not observed in control subjects who were not
addicted to heroin, nor in brain regions that were not involved in the mediation of the reward
and motivation, such as the occipital cortex. -

2) Brain response in some of these regions (midbrain) is correlated with the
subjective emotions of the audience.

25 3) Perfusion fMRI,at 4-T is a promising technique for the study of media impact on
target populations, as well as individuals.

The method herein described is, therefore, useful for the effective manipulation of the
content of the media segments to achieve maximal desired impact in target populations or on
specific individuals.

30 Each and every patent, patent application and publication that is cited in the

foregoing specification is herein incorporated by reference in its entirety.
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5 pairw se subtraction between the tinme-nmatched | abel and control inmages.
FIG 4 depicts the correlation between the change in the desire to use
her oi n amaotobgox2BE|ange in rCBF in the mdbrain area. Convecsiusn21w21BF
values are effected using the general PASL perfusion nodel. CBF signals
during the drug and non-drug video are conpared within subjects using
SPMP9. 10 | ndi viVdi thaﬁmgpatgl specifeaion b@heh@desmlned voith regard &0 eprfaprpreferred
coefficient I Ol

nmet hadone p gg%ﬁ“ S aﬁ’gi Eaﬂ% %A’r%l{é%? e?ﬂ%oge fiffls %tg&hweg%l{eige
associ at ed appérhnt@@ﬂmts@sl@liad\ihﬂg aatrthiatpite)mvamhmgma&be m@nﬁt@mumbmﬁnatbms h the
patients and,t . ANO\/A a i S rfor on .t he .nor i zed

i ndi vi dual a&gtagi&l? ﬁ?i@mf’ A ﬁh@{g 0%&‘?%‘169 gesﬁﬁgedt}éer lPﬁ%n%oﬁnF%tl on,
fol | oned b}bohﬁ@érﬁﬂ]yﬁlﬁthbtﬁtdepﬁﬁﬁg f1&m @teapitB iafd §0opé btﬁ‘mélﬁivelsticmd)gutme t enpor al
evol venent of {Lhetlrre urse. of the Fca@ggln ese .det teﬂaé rain
regi ons. RdByfitications; §q ?Iﬁv??&ﬁ%@d e ‘EIF’SHEI‘” jojatep t ar get
popul ati on Vﬁ!iltﬂlﬁ‘tﬂe%c@eO(ﬂlt}fefagf,ﬁﬁgdaﬁﬁisn response than a nedi a segnent of
neutral value in the mdbrain, the thalanus, 20 the insula and the

anygdal a. This effect was not observed in control subj ects who were. not
addicted to heroin, nor in brain regions that were not involved in the
medi ati on of the reward and notivation, such as the occipital cortex. 2)
Brain response in sone of these regions (mdbrain) is correlated with the
subj ective enotions of the audience. 25 3) Perfusion fviRl at 4-T is a
prom sing technique for the study of nedia inpact on target popul ations,
as well as individuals. The method herein described is, therefore, useful
for the effective manipulation of the content of the nmedia segnents to
achi eve maxi mal desired inpact in target popul ations or on specific

i ndividuals. 30 Each and every patent, patent application and publication
that is cited in the foregoing speC|f| cation is herein incorporated by
reference in its entirety. 21 WD 02/102238 PCT/ US02/ 19422 Wile the

f oregoi ng specification has been described with regard to certain preferred
enbodi nents, and nmany details have been set forth for the purpose of
illustration, it will be apparent to those skilled in the art that the

i nvention may be subject to various nodifications and additional

enbodi nents, and that certain of the details described herein can be varied
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5 considerably w thout departing fromthe spirit and scope of the

i nvention. Such nodifications, equivalent variations and additi onal

enbodi menwe tane22as so i ntended to fall wthin the scope offCrhsoappended
claims. 22 WD 02/102238 PCT/ US02/ 19422 CLAIMS | claim 1. A nethod of

obj ectively and noni nvasively detecting in an individual whether said

i ndi vi dual ¢BABYISvi ding a truthful or deceptive response, conprising
measuri ng qQﬁﬂ es in cortical activity of the individual and eval uating

t hose changes 10 objectively detect deception or the alteration of truth
by that i ndi.vi duainethdd oibohje:ttihddandnmﬁljnaeilvblydbbpctdgtiemindivi@ail whetherisaidi vi dual

recogm tion anat t risin neasur i n anges in
corti cal C‘Pﬁgl ]ldflé) 1?)?’{0?’ gl% %mt@ﬁgﬂacﬁcmhf’%r ”gonse %anm I@S%Srlll | rhan >1an
anat om cal dbﬁldaEddﬁvﬁyefthalﬂdi\mmaCﬁnﬂre&elum thmmhangagtoamgdbcanlpdéteotel y

eval uating those ch S as co h. known brain |ocalization of
cognitive f‘{?ﬁ"&t]}"ﬁﬁét era Ofr?gﬁﬁﬁﬁﬁtﬂﬁtfmé} 2, wherein the anatonical
pattern compri sesn@mby Gﬁﬁbjéo@ﬁ@ly(ﬂéteﬁﬂmlﬂgﬁi@&@m@fwcﬁlaf RESLnitfbn o-fhﬁaﬁ@érhl@d of any
of clainms 1-3, wherein the cortical activity of the individual is

det er ni ned nﬁytemmnr@ﬁwm%agm@m%%&#@@%%@g?ﬁae mdpigual wih regaed tet hod
of any of ijeﬁi g’i{%ﬁoﬁ ofan m?cn?lbeﬁ p‘éltlf@n &R SuAt LABIgAriak a§@6ﬂf} sctigbilyomat ed.

6. The netho any of alms 1-5, wherein activation of anferior regions
of the ci reyaluating tb@qetcb&ngamls qomred ryeidl known besin loralizgion efgioghitiyafunptions.

associated i th ﬁg%gaa&afd Ih 8 @hdrn the%a@maaayweﬁl cc%@mm%% fad}f affBt hod

of any of clains er tonprising: acquiring acqui sition
of the entlmmgde)ofaafaca rrages in the axial plane by functional I\/RI when t he

i ndi vi dual fesp 0 sel ect ns. i ut.ht.ul .or hve
manner, and"savi ﬁllbodt ﬁﬁ%?fe&?‘lﬁlﬁg%ﬁ’% o adv}\?3 (éocrhcali aCUVltP' of f 81 fgﬁ)aalt menory
source; COR&ﬁﬁhhﬁgb?ﬁhmhmﬁgﬁmgmﬁkQﬁbhﬁmeﬁmwﬁﬁg@NEU)and alternate k- space

line errors_on each qr di ng he r onses nade a subject to
sel ected qd%stléﬁ§1?qﬁﬂﬂ8|%?’ @Hwéfl ﬂ@miﬁ%gﬁﬁﬁg%gnﬂﬂﬂgy&ﬁﬁﬁ%nse pad;
automated. ‘\
6. The method of any of claims 1-5, wherein activation of anterior regions of the

cingulate cortex and prefrontal cortex of the individual is associated with deceptive alteration
of .a truthful response.
7. The method of any of claims 1-6, further comprising:
| acquiring by weighted acquisition of the entire brain images in the axial plane by
functional MRI when the individual responds to selected questions in a
truthful or deceptive manner, and saving and transferring fMRI raw echo
amplitudes to a memory source;
correcting for image distortion or motion, and alternate k-space line errors on each
image;
recording the responses made by a subject to selected questions invoking “Yes” or
“No” responses on a response pad;
transmitting the responses and data to a computer system,
synchronizing the acquired image data with the recorded responses;
spatially normalizing anatomic overlays of the functional data to a standard atlas;

normalizing sets of data and corresponding responses to Talairach space; and
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transmtting the responses and data to a conputer system synchroni zi ng
the acquired inage data with the recorded responses; spatially normalizing
anat om ¢ woarlieaess of the functional data to a standard at lPaFjUSOnORRl | i ng
sets of data and correspondi ng responses to Tal airach space; and 23 WO
02/ 102238 PCT/ US02/ 19422 statistically analyzing the data in light of the
responses a conpiatistidelle analyzincdhe daja indighbeithpespgveesticgompatesiped sytefngo

associ ated with each sLEsRansSomb defeollbh ofkoRfucARlBGhbiRbyordnd noni nvasi vely
determning in an indivi dual the effect o exposure to ‘audi ovi sual nedi a
i nformati orf. conrfpmicthbdgf sipentively ngd céramgescly deteominingan an mdividriat the effect he

| ndivi dual J8.1CSDONSS, Lon SXROSUES, LNt A audl ul sual Ediayipharmat i on,
and eval uaetXP?ng‘]m? 586°¢ %ngees1 t6°0 | ecti vé’fly geterm Ae cggni trve and

enoti onal reepieNsHEe ividval in réspohseitelesglosur®to thé endietidvaimedia difaimidy, andher ei n
the cortical activit f the individyal i.s determ ned by functiopa
magnetic r 98 é%h?%é‘gﬁq%ﬁs E"fm"?‘.’elﬁg‘?terﬂ%e Byt ‘?{V%@frest?f’ﬁﬁeﬁgy g‘-ab,
wherei n t hengitvRiggl. are autonmated or sem - automated. 11. The nmethod of any
of clainms 8-10, further conprising assessing the conbjned effect of the

audi ovi sual 9 nedilheimsthodpd clasm 8 owhereip thercqrticplachyity ofdhs indiyaivel is dpieaaiast i ng a
t ar get pop(HJﬁﬁgtggaln;},ggmt}hgsdﬁgﬁ&qglagflgmf clains 8-11, further

conpri sing éxposing the individual or target population to at_ |east one
present at i o). of Theaiedhadpiany eedains 819 whergin thasters arg yhomaedheisewal val ue and
to at | east u(pcpﬁat&{ neutral value; recording a different brain response in
the indivi dial oF t arget popul ati on exposed to high enotional val ue

audi ovi sual 11rediThe mattcdrafaty ofclams 8 didpturtber onimphising disessof theeomrtaed\esiecte, and
eval uating t recorded results to fogus.the.nedia.infor i t 0 -have a
i el des P GRPE TR R D i A e kS "The
met hod of agvpultfio! ai ms8 8-11, wherein activation of the mdbrain, the

S TR TR IR o
Wi th exposukset sopaladbiiol 53 Wakt oiE Pledentdtioh OF Alidvisianasdinthfdth@hoeartigtonal
val ue. 14. The nmethod of any of clainms 8-13, further conprising: acguiring
by wei ght eceraiiguplonaiie gRd torat{eae oom of RtiBl valys: Tererding & diferp bIBIn EPYISa e by
the individual or target population exposed to high emotional value audiovisual media
information as compared with media of neutral value, and evaluating the recorded results to
focus the media information to have a maximal desired effect on the individual or target
population.
13. The method of any of claims 8-11, wherein activation of the midbrain, the thalamus,
the insula and the amygdala activation of anterior regions of the cingulate cortex and
prefrontal cortex of the individual is associated with exposure to audiovisual~ media
information having high emotional value.
14.  The method of any of claims 8-13, further comprising:
acquiring by weighted acquisition of the entire brain images in the axial plane by
functional MRI when the individual is expo‘sed to selected audiovisual media
information, and saving and transferring fMRI raw echo amplitudes to a
memory source;

correcting for image distortion or motion, and alternate k-space line errors on each

image;
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functional MRl when the individual is exposed to sel ected audi ovi sual nedia
i nformati on, and saving and transferring fMR raw echo anplitudes to a
menory sowpme/10x268 recting for inage distortion or notion, pardisa/1senat e
k-space line errors on each image; 24 WO 02/102238 PCT/ US02/ 19422
recordi ng the responses nmade by the individual exposed to selected test

audi ovi sual  ned¢rding de mespousas medechyshe indivirdpal ¢xposed dp emientasl tesigudiatisnal o a
conputer system sypehrqnizing the acquired inmage data with the recorded
responses; spatially normalizing anatomi c overlays of the functional data
to a standard attfansnitiing theorespansastand Hata sseesnpmiber syséahes of t he sane i ndi vi dual

upon exposure to udi. ovi%ual medi

i Zi Q Cquired irin ieﬁftg%%tdlé)r%c&fde eyt ral  val ue;
normal i zi ng set YT UEH ARG“EOFT EF6NET NG resFONSEs o Taf ai rach space;

and st ati sti calshatialp abiyzdlinggtahotltosredlays bt the tturefiohdd date es patasizgd dths or

determ ne the inpact of the selected te audi ovi s i nformation on the
dbvi dual 15 A oy ST SSBPBEY P O B A e RO RBEECE ng i 1 an
i ndi vi'dual whet her sagidovikiabinédid udbrmaSioRbOMudhinglR; t rut hful or deceptive
response, conprising;. an MR based conputer system for mnmeasuring, changes in
cortical activi myrplizingsetsiofdate pre correspoRiling respenseeteJotrdiach 93¢ 289 st em

having the abiligt¥stany es@Ahddal a9 H 1%t 8 thERIHIE 18 118BAhinD R filnPAsLt BREE UM
when the individual responds to selected questions in a truthful or
deceptive manner:; nesglectédiestgadjoyipyahiitspatien efhthedndiidualsi ti on, the entire
brain imges in i al: . ' : ' .
transferr i:nlzs'f I \lﬁ %teggi\)/‘i} %ﬁ@i@ﬁpﬁp&%ﬂ%ﬁ%@ﬁ% @rag{eﬁ%@éPsﬂg‘b@%%@qﬁeg@%ssa%dor

corr ect i ng ihdividusfagerodidgtgor thitininl @rdepaptivorespane campesingit e k- space |ine
errors on 'each inage; ans for recording.the re nses. .m .Subj ect
to selected questi ongn wﬁﬁ\?’gﬁdﬁamp%rsgys%rn% as%%%%lr@ %S%ﬁglgw%iég%véﬁsog pad;
means for transnhdindiviflubheakiesthe rRspesaseiddadtan haviag the apilityeto rsopsd €113 ontoreans

For synchroni zi g%a}dggleeslfgg%i bregr?ngi Igg(gl?m(\j;v %1? thve\liilgc{%vi%i\rllaﬁ rers%gr?(fsqg gelecge%sﬁlgsq{%%s? !

in a truthful or deceptive manner;

means for acquiring by weighted acquisition, the entire brain images in the
axial plane by functional MRI and saving and transferring f{MRI raw echo amplitudes
to 2 memory source;

means for correcting for image distortion or motion, and alternate k-space
line errors on each image; |

means for recording the responses made by a subject to selected questions
invoking “Yes” or “No” responses on a response pad;

means for transmitting the responses and data to a computer system;

means for synchronizing the acquired image data with the recorded
responses;

means for spaﬁally normalizing anatomic overlays of the functional data to a
standard atlas;

means for normalizing séts of data and corresponding responses to Talairach
space; and , '

means for statistically analyzing the data in light of the responses a
computerizéd system fo determine whether deception is associated with each

response by the individual.
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means for spatially normalizing anatom c overlays of the functional data to
a standard atlas; nmeans for normalizing sets of data and correspondi ng
responseswbD@2/Ied2as r ach space; and neans for statistical | ycansoyrdny t he
data in light of the responses a conputerized systemto determ ne whether
deception is associated with each response by the individual. 25 WO

02/ 102238 PCT/ US02/ 19422 16. A system for objectively and noninvasively

det erm ni ng¢ n angJd A ¥l ghialiiveRGng hbGfivasRbly dRRRIEN LA IREVGE! B effect of

audi ovi sua?ldhed?ggs}{s{r%giof;énagft)j?églrl, ycorrprl.lﬁs‘?arslg:. yauﬁwleT_rmj“als}%g corlrput er Bsf;?stoem for
measuri ng odxaogyestoisplectod sidiailisualohedia inforgihtiotheompmgdgi dual in response to
exposure to audi oyisual dia, information, sai t Vi ability
to record data SAto aaf%%gﬁugrg Sgerrlré Orgléigsruln?ll CIq‘a‘rlrlg |%‘§18Hn}ézgﬁa§h@g’r&§§%ui ring
by wei ght ed acqui si t imatividdal irhespenid to exjisadeno bwdigyésial medih énfaxiatibn, spidane by
functional MR and saving. and tran rrin lyi Rl raw.echo litudes to a
nMeENDry source when tﬁ%St'“%B?v\?? ap lﬁéﬁ%f&?@gle t (Blt%%i‘e@g{fbiﬁm%ﬁ%gsual nedi a
i nformation; means fefedi@rrecting for image distortion or notion, and
alternate k-space line errors on each inage; neans for recording the
responses nade BYFARHETAHHITASHYAY el@%ﬁ%%c_éﬁsmgn Eihe entirg braba tmagss i tg‘?/‘i"%aﬂal

medi a information; NBARS LY AinclidAIHRThhd HFidcN8d HBsRGRAE BVIRNFhwdethg tO a
conmputer system neans for synchronizing the acquired inmage data with the
recorded responses; amphiydestip e mamry siurse wisnikg indivisyalip sxnossdio selestedys of
the functional data Tal‘,?di@visxﬁﬁﬁl@@@"iﬁoﬁﬁalti@ﬁ; or to a control assessnent nade of
the same individual upon exposure to audiovisual nedia information of
neutral val ue; memansfof oorrevtingédriimagegligtertion of moltégna azthalteowiy lesgaon dieryrors
responses to Tal ai ra%lqeg(%a}&ge, and neans for statistically analyzing the
data in light of the respons%é to determine the inpact of the selected
test audi ovi sualmdand far pebiding theresprensésadeibglad indiRBlual exposed to selected test

audiovisual media information;

means for transmitting the responses and data to a computer system;

means for synchronizing the acquired image data with the recorded responses;

means for spatially normalizing anatomic overlays of the functional data to a
standard atlas or to a control assessment made of the same individual upon
exposure to audiovisual media information of neutral value;

means for normalizing sets of data and corresponding responses to Talairach space;
and

means for statistically analyzing the data in light of the responses to determine the

impact of the selected test audiovisual information on the individual.
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