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Brain mapping & Printing

27 Bhagyashree Kulkarni

ABSTRACT Research Paper- Forensic Psychology

Physical injury to the brain such asconcussion disrupts normal flow of electrical impulsesin thebrain tissue.
Similarly toxic injury, seizure disorder, Alzheimer’s disease, anoxia and brain infection (chronic lyme encepha-
litis) after brainwave activity. ADD, OCD, anxiety, depression and learning disability have distinct brainwave
“signatures”.

EE%B or electroencephalogram is a recording of brainwave activity. QEEG (Quantitative EEG), popularly
known asbrain mapping, refersto a comprehensive analysis of brainwave frequency bandwidthsthat makeup
theraw EEG. QEEG isrecorded the same way as the EEG, but the data acquired in the recording are used to
create topographic color-coded maps that show electrical activity of the cerebral cortex.

Whileother brain mappingtechniques(CT, MRI,PET, SPECT) Measuresuch propertiesascerebral bloodflow,
metabolism or structural integrity, QEEG measureselectrical activity of thebrain. It providescomplex analysis
of such brainwave characteristics as symmetry, phase, coherence, amplitude, power and dominant frequency.

Infact, subtledisruptionsof electrical connectivity and flowin thebrain sometimes may betheonly or theearly
signsof a problem.

INTRODUCTION:

Scientistshavebeentryingto understand theinner workingsof thebrainfor hundreds
of years. Thebra nhasbeen studied by many methods, and attemptsto map brainfunction dateback
tothepracti ceof Phrenology inthe18th and 19th centuries. Phrenol ogy wasbased ontheerroneous
assumptionthataperson’s character and mental competence could be determined by the size, shape,
and proportionsof theskull. Frances Joseph Gall originated phrenol ogy by desi gnating 26 areasof the
skull associated withdifferent mental functions.

Brainfunction had been studied beforethis, but Phrenol ogical mapswereoneof the

earliest attemptsto spatially represent brainfunctions. Sincethat time, many techniqueshavebeen
developedthat directly, or indirectly, measureneural activity of thebrain.
It hasbeenknownfor many yearsthat activation of nervoustissuecausesincreased blood flow tothe
activatedarea. In 1876, Angel oM 0sso, anltalian physicianand physiologist, published theresultsof
hisstudy of the cerebral blood flow (CBF) inawomanwith part of her skull removed secondary to
infectionwith Syphilis. HeplacedaPlethysmographdirectly ontheduramater and recorded changes
inthebrainvolumeresultingfrom changesinblood flow tothecerebrum.

M ost studied severd other patientswithopenskulls, observingincreasesin CBFwhen
they wereasked to sol vemathematical problems(Cognitivefunction), andwhenthey respondedto
emotiond stimuli. Head sostudiedtheCBFduring physical exertion, deep, arousa fromdeep,andduring
epilepticsaizures. Increased CBFrateand volumeto anactivated areaof thecerebral cortexisreferred
toasthehemodynamicresponse. Fromthiscrudebeginning, blood flow tothecerebral cortex andits
relationshiptocortical activationhasbeencontinuoudy studied.

Inthelate 19th century, Paul brocabegan usingmultichannel cerebral thermometry to
map brainfunctionusinglocalized changesintemperature. Hemeasured scal ptemperatureinvarious
regionsduring theperformanceof specifictasksor after administration of specificstimuli.
COMPARISONWITHOTHERTECHNOLOGIES:

Conventiond fingerprintingand DNA match phys cd evidencefromacrimescenewith
evidenceonthepersonof theperpetrator. Similarly, Brainfingerprinting matchesinformational evidence
fromthecrimescenewithevidencestoredinthebrain. Fingerprintsand DNA areavailableinonly
1percentof crimes. Thebranisawaysthere, planning, executing and recordi ng the Suspectsactions.
Brainfingerprinting hasnothingto dowithliedetection. Rather, itisaspecificway todetermineif
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someonehascommitted aspecificcrimeor other act. Aswith DNA andfingerprints, theresultsarethe
samewhether thepersonhasliedortoldthetruthat anytime. Itisacontroversia proposedinvestigative
techniquethat measuresrecognitionof similar stimuli by measuring el ectrical brainwaveresponsesto
words, phrases, or picturesthat are presented onacomputer screen. Brainfingerprintingwasinvented
by LawrenceFarwell. Thetheoryisthat Suspectsreactiontothedetail sof anevent or activity will reflect
if thesuspect had prior knowledgeof theevent or activity. Thistestuseswhat Farwell calstheMERMER:
Memoryand Encoding Related Multifaceted Electroencephalographic Response........ responseto
detectfamiliarity reaction. Oneof theapplicationsislie-detection.

DEFINITION:

Brainfingerprintingisdes gnedtodeterminewhether anindividual recogni zesspecific
informationrel atedtoanevent or activity by measuringd ectrica brainwaveresponsestowords, phrases
or pictures presented on acomputer screen. Thetechnique can beapplied only in situationswhere
investigatorshaveasufficient amount of specificinformati onabout anevent or activity that would be
knownonlytotheperpetrator andinvestigator. Inthisrespect, Brainfingerprintingisconsidered TY PE
OF Guilty knowledge.

ADMISSIBILITY OFBRAINFINGERPRINTINGIN COURT:

Theadmissibility of brainfingerprintingincourt hasnot yet been established. Thefollowingwell estab-

lishedfegturesof Brainfingerprintinghowever, will berelevantwhenthequestionof admissibility istested

incourt.

1) Brainfingerprintinghasbeenthoroughly andscientificallytested.

2) Thetheoryandapplicationof Brainfingerprintinghavebeen subjecttopeer review and publications.

3) Therateof errorisextremeylow-virtualy non-existent and clear standardsgoverningscientific
techniquesof operation of thetechnol ogy have gained general acceptancetherelevant scientific
community.

4) Brainfingerprintingisnon-invasiveandnon-testimonia

TECHNIQUE:

Thepersontobetested wearsaspeci al headband with el ectroni c sensorsthat measure
theel ectroencephal ography fromseveral locationsonthescalp. Inorder tocalibratethebrainfinger-
printingsystem, thetesteeispresented withaseriesof irrel evant stimuli, words, and pi ctures, andaseries
of relevant stimuli, wordsand pi ctures. Thetest subjectsbrainresponsetothesetwodifferent typesof
stimuli dlowthetester todetermineif themeasured brainresponsetotest stimuli, called probes, aremore
similartotherelevant or irrel evant responses. Thetechniqueusesthewel | knownfact that an el ectrical
signal known as P300 isemitted froman individual’s brain approximately 300milliseconds afteritis
confronted withastimulusof special significance, e.g. ararevs. acommon stimulusor astimulusthe
probeand isasked to count.

Thenovd interpretationinbrainfingerprintingistolook for P300asresponsetostimuli
relatedtothecrimeinquestione.g., amurder weapon or avictimsface. Becauseitisbased onEEG
signals, thesystemdoesnot requirethetesteetoissueverbal responsestoquestionsor stimuli. Brain
fingerprintingusescognitivebra nresponses; brainfingerprintingdoesnot dependontheemotionsof the
subject, nor isit affected by emotional responses.

Brainfingerprintingisfundamentally different fromthepolygraph (lie-detector), which
measuresemotion based physiol ogical signalssuchasheart rate, sweating, and blood pressure. Al so,
unlikepolygraphtesting, it doesnot attempt to determinewnhether or not thesubjectislyingortellingthe
truth. EEGisthemeasurement of el ectrical activity produced by thebrainasrecordedfromel ectrodes
placed onthescal p. Just astheactivity inacomputer canbeunderstood onmultiplelevels, fromthe
electrical activity of thebrainbedescribedonrelatively small torel ativel ylargescal es.

Atoneendareactionpotentia sinasingleaxonor currentswithinasingledendriteof
asingleneuron, andat theother endistheactivity measured by theEEG whi ch aggregatestheel ectric
voltagefieldsfrommillionsof neurons. So called scalp EEG iscollected from tensto hundreds of
electrodespositioned ondifferent |l ocationsat thesurfaceof thehead. EEG signal s(intherangeof mv)
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areamplifiedanddigitalizedfor later processing. Thedatameasured by thescalp EEG areused for
clinica andresearch purposes. Scalp EEG activity oscillatesat multiplefrequencieshaving different
characteristicspatia distributionsassoci atedwithdifferent statesof brainfunctioningsuchaswakingand
deeping. Theseoscillationsrepresent synchronized activity over anetwork of neurons.

Theneuronal networksunderlying someof theseoscillationsareunderstood (suchas
thethalamocortical resonanceunderlying sleep spindles) whilemany othersarenot (thesystemthat
generatesthePosterior basicrhythm)

ROLEINCRIMINAL PROCEEDINGS:

Theapplicationof Brainfingerprintingtestinginacriminal caseinvol vesfour phases:
Investigation, interview, scientifictesting and adjudi cation. Of thesefour phases, only thethirdoneis
inthe domain of science. Thefirst phaseisundertaken by askilled investigator, the second by an
interviewer who may beaninvestigator or ascientist, thethird by ascientist, and thefourth by ajudge
andjury. Inlegal proceedings, thescopeof thescienceof Brainfingerprintingandall other scienceis
limited.

Theroleof Brainfingerprintingistotaketheoutput of investigationsandinterviews
regardingwhat informationisrelevant, tomakeasci entific determinationregarding thepresenceor
absenceof that informationinaspecificbrain, and thusto providethejudgeandjury with evidenceto
aidintheir determination of guilt orinnocenceof asuspect.

USESANDAPPLICATIONS:

Thevariousapplicationsareasfollows:

1) Testfor severd formsof employment, especialyindeadingwithsenstivemilitary andforeignintel
ligencescreening.

2) Individualswho were “information absent & present”.

3) A group of 17 FBI agentsand 4 non-agentswereexposedto stimuli.

4) To detect symptoms of Alzheimer’s disease, mental depression and other forms of dementia
includingneurologica disorders.

5) Criminal cases

6) Counter-terrorism

7) Securitytesting.
BRAINMAPPINGTECHNOLOGYANDMETHODS

Scientistsuse many methodsto study the brain'sstructureand function. They take
picturesof healthy brainsand comparethemtodiseased brai ns. Inaddition, they examinebrai nstaken
fromhumans, primatesand smal | mammal sand try tounderstand how invertebrates smaller nervous
systemswork. Onamicroscopiclevel, they alsoexamineneurons.

Herearesometool susedinbrainmapping. Thesetechni questakeimagesof thebrain:

Computer axial tomography (CAT) scan X-raysthe brain from many anglesand show
structura abnormalities. Structural magneti cresonanceimagingtakesadvantageof waterinthebrainto
createimageswithbetter resolutionthanaCAT scan.

Diffusiontensor-MRI (DTI)images"tracts' of neuronsthat connect brainregionsby foll ow-
ingwater movementinthebrain.

Thesetechniquesexaminebrainactivity:

Electroencephalography (EEG) indicatesel ectrically activel ocationsinthebrainusingde-
tectorsimplantedinthebrainorwornonacap.

Positron emissiontomography (PET) takesimagesof radioactivemarkersinthebrain.

Functional MRI (fM RI) showsimagesof brainactivity whilesubjectswork onvarioustasks.
Pharmacologica functional MRI (phMRI) showsbrainactivity asdrugsareadministered.
Transcrania magneticstimulation(TM S) noninvasi vely stimul atespartsof thebraintotrigger certain
behaviors. New methodsall ow researcherstoseed theconnecti onsbetweenneuronsinanintact brain.
Thisbranch of studyiscalled connectomics.
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The"wiringdiagram” of abrainiscalled aconnectome|[source: Lichtman]."Until
recently, we'vehad nohopeof gettingthesewiring diagrams,” saysJeff Lichtman, aHarvard biol ogist
wholedthegroupthat devel oped someof thenew techniques. "Wecould seeindividual cells, but never
all of themat once."

LIMITATIONSOFBRAINFINGERPRINTING

Brainfingerprintingdetectsinformation-processing brai nresponsesthat reveal what
informationisstoredinthesubject'sbrain. It doesnot detect how that informationgot there. Thisfact
hasimplicationsfor how andwhenthetechniquecan beapplied. Inacasewhereasuspect clamsnot
tohavebeen at thecrimesceneand hasnol egitimatereasonfor knowingthedetail sof thecrime, and
investigatorshaveinformationthat hasnot beenrel easedtothepublic, brainfingerprintingcandetermine
objectivelywhether or not thesubject possessesthat information. Insuchacase, brainfingerprinting
couldprovideuseful evidence.

If, however, thesuspect knowseverythingthat theinvestigatorsknow about thecrime
for somel egitimatereason, thenthetest cannot begpplied. Therearesevera circumstancesinwhichthis
may bethecase. If asuspect acknowledgesbeing at thesceneof thecrime, but claimsto beawitness
and not aperpetrator, then thefact that heknowsdetail sabout the crimewoul d not beincriminating.
Therewouldbenoreasontoconduct atest, becausetheresulting™information present” responsewoul d
simply show that the suspect knew the detailsabout the crime —knowledge which he already admitsand
whichhegained at thecrimescenewhether hewasawitnessor aperpetrator.

Another casewhere brain fingerprinting isnot applicablewould beonewhereina
suspectandanalleged victim—say, of analleged sexual assault—agree on the details of what was said
anddone, but di sagreeontheintent of theparties. Brainfingerprinting detectsonlyinformation, and not
intent. Thefact that thesuspect knowstheuncontested factsof thecircumstancedoesnot tel | uswhich
party'sversionof theintentiscorrect.

Inacasewherethe suspect knowseverythingthat thei nvestigatorsknow becausehe
hasbeenexposedtoall availableinformationinaprevioustria, thereisnoavail ableinformationwith
whichtoconstruct probestimuli, soatest cannot beconducted. Eveninacasewherethesuspect knows
many of thedetail sabout thecrime, however, itissometimespossibletodiscover sdlientinformationthat
theperpetrator must haveencounteredinthecourseof committingthecrime, but thesuspect claimsnot
toknow and would not know if hewereinnocent.

Thiswasthecasewith Terry Harrington (Harrington v. State 2001). By examining
reports, interviewingwitnesses, andvigtingthecrimesceneand surroundingaress, Dr. Farwell wasable
todiscover sdient featuresof thecrimethat Harrington had never beenexposedtoat hisprevioustrids.
Thebrainfingerprintingtest showed that therecordinHarrington'sbraindid not containthesesalient
featuresof thecrime, but only thedetail sabout thecrimethat hehadlearned after thefact.

Another situationwherebra nfingerprintingisnot gpplicabl eisonewheretheauthorities
havenoinformationabout what crimemay havetaken place. For exampl e, anindividua may disappear
under circumstanceswhereaspecific suspect had astrong motiveto murder theindividual.

Without any evidence, authoritiesdo not know whether amurder took place, or the
individual decidedtotakeatripandtell noone, or someother crimina or non-crimina event happened.
If thereisnoknowninformationonwhichasuspect could betested, abrainfingerprintingtest cannot
bestructured.

Similarly, brainfingerprintingisnot applicablefor general screening, forexample,in
genera pre-employment or empl oyeescreeningwhereinany number of undesirableactivitiesor inten-
tionsmay berelevant. If theinvestigatorshavenoideawhat crimeor undesirabl eact theindividual may
havecommitted, thereisnowayto structureappropriatestimuli to detect thetelltal eknowl edgethat
wouldresultfromcommittingthecrime.

Brainfingerprinting can, however, beusedfor specificscreeningor focused screening,
wheninvestigatorshavesomeideawhat they arel ookingfor. Brainfingerprintingdoesnot detect lies.
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Itssmply detectsinformation. Noquestionsareasked or answered duringabrainfingerprintingtest.

Thesubject neither liesnor tellsthetruth during abrainfingerprinting test, and the
outcomeof thetest isunaffected by whether hehaslied or toldthetruth at any other time. Theoutcome
of "information present” or "information absent" dependsonwhether therel evantinformati onisstored
inthebrain, and not onwhat the subj ect saysabout it (Farwell 1994, PBS 2004, Farwell 2012).

Brainfingerprintingdoesnot determinewhether asuspectisguilty orinnocent of acrime.
Thisisalega determinationto bemadeby ajudgeandjury, not ascientific determinationtobemade
by acomputer or ascientist (Farwell 1994, PBS2004, Farwell 2012).

Brainfingerprinting can providescientificevidencethat thejudgeandjury canweigh
alongwiththeother evidenceinreachingtheir decisionsregardingthecrime. Toremainwithintherealm
of scientifictestimony, however, abrainfingerprinting expert witnessmust testify only regardingthe
scientifictest andinformationstoredinthebrainreveal edby thetest, asDr. Farwell didintheHarrington
case(Harringtonv. State2001). Likethetestimony of other forensicscientists, abrainfingerprinting
scientist'stestimony doesnot includeinterpreting thescientificevidenceintermsof guilt orinnocence.

Just asdl witnesstestimony dependsonthememory of thewitness, brainfingerprinting
dependsonthememory of thesubj ect. Likeall witnesstestimony, brainfingerprintingresultsmust be
viewedinlight of thelimitationson humanmemory andthefactorsaffectingit (Harringtonv. State2001,
PBS 2004).

Brainfingerprinting canprovidescientificevidenceregardingwhat informationisstored
inasubject'sbrain. It doesnot determinewhat information shoul d be, could be, or would bestoredin
thesubject'sbrainif thesubject wereinnocent or guilty. It only measureswhat actually isstoredinthe
brain(Farwell 2012).

How thisevidenceisinterpreted, andwhat conclusionsaredrawn based onit, isoutside
therealm of thescienceandthescientist. Thisisuptothejudgeandjury. Itisuptotheprosecutor and
thedefenseattorneyto argue, andthejudgeandjury todecide, thesignificanceandwei ght of thebrain
fingerprinting evidenceinmakingadetermination of whether or not thesubj ect committedthecrime.

Likeall forensic sciencetechniques, brainfingerprinting dependsontheevidence-
gathering processwhichliesoutsidetherealm of scienceto providetheevidencetobescientifically
tested. Beforeabrainfingerprinting test can be conducted, aninvestigator must discover rel evant
informati onabout thecrimeor investigated situation.

Thisinvestigativeprocess,inwhichtheinvestigator gatherstheinformationtobetested
fromthecrimesceneor other sourcesrel ated tothe crime, dependsontheskill and judgment of the
investigator. Thisprocessisoutsidethescientificprocess; it precedesthescientific processof brain
fingerprinting. Thisinvestigativeprocessproducesthe probestimuli tobetested. Brainfingerprinting
scienceonly determineswhether theinformati ontestedisstoredinthebrain of thesubject or not. It does
not providescientificdataontheeffectivenessof theinvestigationthat produced theinformation about
thecrimethat wastested. Inthisregard, brainfingerprintingissimilar toother forensic sciences.

A DNAtest determinesonly whether two DNA samplesmatch, it doesnot determine
whether theinvestigator didaneffectivejobof collectingDNA fromthecrimescene. Smilarly,abrain
fingerprintingtest determinesonly whether or not theinformation storedinthesuspect'sbrainmatches
theinformati on containedintheprobestimuli. Thisisinformationthat theinvestigator providedtothe
scientist totest scientifically, based ontheinvestigativeprocessthatisoutsidethereal mof science.

Inmakingtheir determination about thecrimeand thesuspect'spossibleroleinit, the
judgeandjury must takeintoaccount not only thescientific determination of "information present” or
"informationabsent” provided by thebrainfingerprintingtest; they must al somakecommon-sense,
human, non-scientificjudgmentsregardingtheinformati on gathered by theinvestigator and towhat
degreeknowledgeor lack of knowl edgeof that information shedslight onthesuspect'spossiblerolein
thecrime(Harringtonv. State2001, Farwel | 1995a, Farwell 2012).

Brainfingerprintingisnot asubstitutefor effectiveinvestigation onthepart of the
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investigator or for common senseand good judgment onthepart of thejudgeandjury (PBS2004).
CONCLUSION:

Brainfingerprintingisarevol utionary scientifictechnol ogy for solvingcrimes, identifying
perpetrators, and exoneratinginnocent suspectswitharecord of 100percent accuracy inresearchwith
USgovernment agencies, actual criminal casesand other applications. Thetechnology fulfillsanurgent
needfor governments, | aw enforcement agencies, corporations, investigators, crimevictims, andfalsely
accusedinnocent suspects.

* |nstituteof Forensic Science, Fort, Mumbai
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