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AN AUTOMATED DIAGNOSTIC METHOD FOR DETECTION
OF DECEPTION USING MULTIVARIATE
STATISTICAL ALGORITHM

Kohei ADACHI

A computer-based diagnostic system is developed for the guilty knowledge test. The system
measures and analyzes magnitudes of physiological responses to questions, to judge whether a
subject has guilty knowledge or not. Measures of response magnitudes are respiration speed,
SCR amplitude, baseline change of pulse wave, and heart rate change defined using the auto-
regression model. These four variables are analyzed by multivariate statistical algorithm which
we propose.

The statistical algorithm is basically to compare validity between an innocent and a guilty
hypotheses. The innocent hypothesis assumes that a subject’s response magnitudes for all ques-
tions are distributed according to the same multivariate normal distribution. The guilty hy-
pothesis assumes that a subject’s response magnitudes for noncritical and critical questions are
distributed respectively according to each of two multivariate normal distributions. The de-
cision was made by adopting the hypothesis which shows the higher validity for observed mag-
nitudes of responses, where the AIC statistic is taken as a measure for the validity. A feature
of this algorithm is to make a decision on the basis of only the record obtained from the
judged subject, in contrast with previous methods using the discriminant function which ne-
cessitated the past records of many subjects verified to be guilty or innocent.

The computer-based system was evaluated with the data obtained from an experiment. In
the experiment, one half of the subjects were guilty of committing a mock theft, and one
half were innocent. The computer decisions were 73 % correct on 48 records from innocent
subjects and 90 % correct on 48 records from guilty subjects. These computer outcomes were

superior to human examiners’ judgments.
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Fig. 1 An example of a digitized record of physiological responses for a

series of questions.

HlRE SR & L, WML o SEE 5 [ O BB BhFRHE o B S
Ve b o THHREE L35 (B3 - $37K, 1991-bY ; 18
M, 1993%), 73k HIFIEE O RKISHEE L LTHRY
EF o T ERIEE, BB X ORRERS (il -k
2, 198820 ; BS7 - g5oK, 1990%) 2o Tix, KICFl
BT LEHENLRCARD 5T, (OEGRHSE SRR
ERRLENTRY, &bic, MEIGEEICIZIRIE - A
BRSO ERPEEN TS (BT - 84K, 19902),
(iR, B2 RN 5 ik, BA - RET
RIS SHIE T B R DR K - M/ s & RIE T 2 B
HBH, THARMEREIC>WTiE FEEo A2 BEmic
FETHZ L 3RETHS,

MEVGERNI ISR L OETIC > W THEES B 72w,
2HEOMIGEE B LD, MEEFHL, 1o0fE
WE LD, BIEE - EERR O MR E X — I s FE R
BRT R, HBIRT ST B OB BB A E
EFNRVFEPEZL DL THS,

2. REBEAVEIRVARK

=7y & o208 (BT, SCR LREEE) DiRElE
RFRIGIEL TS, Thbb, BRIEREG0.55%
DIRER S B ETOMRERIZRLL, a2 F 720
DEKEAEZRD, TOFFEEKIGHEEL T2, H
SEEHEITIOEBIIRDO LB Y Th b, ELEHORIBED
AR E VW EE 2 Eo 2 (Venables & Christie,
19802), BASEAHRIC X D SO LEAMFMER RS &
%L, %t 2 IERS M EUE LIHEHHE IC A &
A RBhbThHD, Sbic, FPEHE L HPER
RHFEE & 2D 2L (B3 - 5K 5 1991-b0) &3

HDO12ThHb,
3. Bk K

WRHERRT S HOERD & & & B L (HHEFES
), BERHERBGERY - 1ISHRETOEROEmS O
FE (CERGRIESIE) b BB E 5z
EEfei OUF, IRERISE &IEE) &9 5,

4. » A

R O TE R E oREERRL &, 1FZ L (second by
second) DLMAFRERD, BERIEIC S 2 DG E
PEM LU, BHIEEZ, Jones, Crowell & Kapuniai
(1969'®) DRISELEBBEEZER LICbDTH Y,
DTo#@E) Thd, £7, DHARE 3 KO HERFERE
(BEAR - JBAE, 199010) 12969 b LIRE L, BT
RIS O E IR B 0HAR y: (=1, 2,---+, 15)
Z, FIUTHEILD 3R DA yies, yiez, i1 1ITHE

DBCTFRT S, ThRbL, DER y %,

3
S/:I/Al-i—j;l & (yimj— 1)

X >TFHT 2, 2IEL, ¢ ROAROFIHE, 4 1F
HEERFRE T, 1RIEEL 20HER» L, THREE
DPMSZR—DIERSARIHE D L I RED b &I F bHE
E+ 5 (b, 1988%), = LT, BHAME v OTHEIE $.
2B DIREDOFN

15
2 (ye—31)
t=1

ELboCDERIGERELET S,

5. REOEEL

RETE, EBRISOEBPRS OCGEEIC, TERIEE
DIFBRA == 7 —1T 5, HDVIE, hELk)
WE2ED LR TeDIT, R RFIOR TR
BORE R E2DZ L3 b5b, #oT, Bix3RIET
RIGEDOHE L W5 Z LIZTER Y, 22T, %
B © O SO Wl & FI RIS 3 5 fo IR YL 2 1T 72
9. DED, KINEE, RIINEELOMEN & BT
& LIcHRI R EIC BT 5 i) Th 5, BEMICE,
AT RS TEREETR I,

MRURGES, RIS L OWDARIZ v TR, B0 R
REOF - HlHoRNc, TOEEE O b OBl
5, Thbb, RINOKEGIOBEIEROEED bRED
BRI O 1550 % TOWRE O EMEOFERZE L K




(58)

(B3, 1986'9), Z OIRMERZETILOKEMELRT. 20
BHIZ X - T, FRINOWEEEOH, 2%, BEO
FEHHA~DEL &% L1 45, SCR %, B
SEEBBOFIRICOWVT, B - #hiK (1991-b9) @JF
HIC X 2 RFINERER L ERD B, Thbb, RIAND
ZHEFIEIC T 2 IREOTH &Rz BT, KRIEE
DIFEHREMBEEHL, ZOREEEY EERETRT.
7iZL, ZoBEERZER, RAIRTRDZ0TERL,
LRINOFHFEE F— N LIl bRD S,
HIEDHE

WETRLEL DT, AMBIE, REFEOLITIC
BRI VR O IERRER &, 0T IR T 5 FRik
BRE»LHERSN, Zhb0BMEEIRTT2R5%
DS, FPLB LOIEERPVERIL, BfTICES LTy
BRVEICE 2T, ENPERARMTHS0HBITE R
IORBEENDDOT, WHEVPEETHL, 2TO
BRI L CRBEOKIGLAREL 2 v LB b
%o —J5, BREITIATERO GRS HL, FRPERH
ZRF U C IR AR L 3RO Bie 5 ISR R 5 &
Exbhd, 1t-T, HER, SEMICHREREDRIG
HEUTws (B 2, H5viE, HRERM L IERRE
OB TEEREICEDERR OGNS (BB 22
THZLIRESRS, PEO¥ESR, FEMmHFIC
O LPHRLDOENTH S,

HIEOHEET — &1k, EBROKEHPIOT LY X2
RWBLTEON, FIREE, SCR IER, IREKGE
BLODHKGEDF 4 BOEETH D, £F, 2hd
4FRIBD SED £ ZBEIEHS4 (Anderson, 1984)
ZHED LD LB LI LT, B 2 BT ERE A b7
WA LA S>TVBEEAD TR ENIZOWT, KIisoH
BohaE2 5, b, 22 VHREPBIEOSE
i, ETOBEMIBAREOBRL 2R VDT, %
BRIz 2 S EIRR— DS LB TERSRICHE -
THELB LD LFETES, ZOREFBIEET LV LIE
BT LT B, i, BE, 2% VERELEEOSHE
i, BREMSIERRER L3 Bk b Bk Hoo
T, MEOBEBRRICHT 5 KSR, #hEhRi5
SEBIERSMHHE>TELZbDLELZ RS, 20
WELBEET NV EMEEZ LicT 5, M EXy, HER
TREP LB ONIEIET — #2250 T, BHEEFLE
BEES A O WTFRBEE T 50T 5 2 LiciEE
xha,

UEDESR X Y BEIcRD L CH#EREED B2,
FAFH LAV, 27, BRFEO K nELL, &

BRI IR 2T GERER 5 =1, -, n-1, &
B i=n) THRbYT. £, RET3EMORIIE TR
2% i (=1, 2, -, m) TRbT L&, BRI i OEHH
W o 28 (p) BEOMGREIETNY bV
“5 zijp)
TEEB, L, AHFETERD L 23EEE Lo 4
MTHZOT, p=4Thb, EEBERSME N (o,
2) (g FEHR7 by, ZFRSETR) TEbT L,
LRO2FEDETIMZKRD L D ICRRBETE 2,
[
xii~N(po, Zo) (=1, -
EiETL
xij~N(, 21) G=1, -, m; j=1, -, n-1),
Xij~N (g2, 22) (=1, -, m ; j=n).
INHOFETADOCTRS, BE X={z;; =1,
c,omy j=1, e, n} WERYT SR WETAZLICK
STHEEZIT Y . HUEOIREZ, BERCESVWTESE
T2 GZ - EE, 19840), BB OMIMEE ET 5
&, BETNVOLER, SEEERSMNOMEREERK
¢ ERHCTROE I TRDESD,
RatkEe s ;

xi;=[xij1, xije, -

»m; =1, m). (1)

m

L(po, To; X)=11 ﬁ ¢ (xij5 po, Zo). (3)

i=1 j=1

-

Bire s

m n—1
L, pe2, 21, 22 X):III _ngb (i 5 g1, 2)
i=1 j=

X ﬁ1¢(xin 5 &2, ). @)
iZL,
p(x; p, 2)=2n)r2 | X |12
X expl[— (x—p)’ 201 (x—p)] 5)

BEETNVDOS L TRERRENMETE X 2 —% (B
B off EEHER), Thbb, f, 3o BI04,
B, 31, B 2R, BRKE L (o, 30 x) (e
M) &L, e, 31,325 X) (MRS 0 Fuhl
BICESWTHEEZIT Y, 22T, A7 2 — 2 KO
Dz, BEE TN OLSWTHIC o WT

=2, (6)
EVIHIRIERL, 52— OBREHEEBIIUTD
KTkE3,

e
1 m n
o= Z Z Xij,
mn =1 j=1
Bo=L 3 51 (rij—pao) Gos—pao'. @

mn i=1 j=1



(ot~ par) (xij— per)’

LS (in—prn) (in—p22)’
mn  i=1 " # " #

-+

PIEDR LD, HEFLDOL L TORKEELZ KD,
ZOERKEVFOETFNVERMATHHE S E 2 bh
5, LL, —BcEARER, EFVORBORE L
LTV E LD EDMbAT V5B, T74bb, EF&
DT A= FEBPELCREELRBIRY R, o
Bl - BT T AT, 2RBONMERET B5IET N
5 A — BEDBEEIEETF N DT RRE CRERKLE LR
FEAICH D LETHRENS, 2O LT A—F5
DHEEWELICETVOBRE (EE) OWEL LTR
o R (Akaike’s Information Criterion ;
AIC) B0, KOXTEZRENS (Akaike, 19749 5
PR, 19769),

AIC=—2-ln (BeREE)+2-K. )
7L, K ZEFVICEERE BRI A -4 5T, B
MBI UBEEFNVOEREFRICOVT, K=p+p(p+
/2B L0 K=2p+p (p+1)/2L 75, 2D AIC % ¥
FBleHVS, T72bb, AIC OEIINEVETVIEE
BWI LickB0T, FEFAOL LT AIC Zk®,
AIC DEONSVEOEFVE L > THEETFT.
213, BiEEF 0 AIC ESEBEET VI DAAST
W, BHEEE, o) THRE ST R & o

S =

Tvs] EOHEEITI

S 2T LOYER

P

R=Y g avta—2EHvT, BBEEEITH
2 F AEER L. Zhix, Lafayette ¥R Y 75
T CHESHIABRRIE, 50X, ThboT—4& L
a— i k AR ESEY, A/D =2 3—% (Micro-Sci-
ence -8 ADM-1998BPC) ik »TF ¥ anikl, %
—VFpN - arta—x LTEHHE - HEETOILDOTH
3. A/D O 7Y v rHRE, EERERS XU
SCR 22V Cik100msec, JRHI L OVERM - BE % &
B Lizw—h —(EEIcoVTi320msec & L7z, FHHl-
HER RO T LTy XL, ERLDT v ST A
i MS-DOS o N88-BASIC iz X o TER L7z,

(59)

HIERERE, BEEerREo 27T T -2 RTTS
iz, EFAMO AIC OES—EDHELULTOEE
i, HEREOTF TV —bMabhd i oicli,

5— 512 & HFF{

AL Pa— XX BHEY AT LAOKEE, ERT—
ZEACTIME L, SbIT, Az & 5 REHEDKE
ELoliRbiTo7,

1. F—4

WERE  BLOFLREE (BT24, kT4, F
§20~245%) EHWRE & LT,

HERY : (v —r— 205 EHLLL, N B F
OTFICE»RZ 6 T L FEERZ R L0 ) ERGE
ZHEL, [~v B, [6FM] BRI THHEE] 28
PERM L5 3SEOBMELER LI, 2FY, [He
DB Th -] BT 5 EMEE [Hiih, €
nF—7, ZNRE, ~vHF, vy ] O5ODHE
BIEHE, MEEhcBien&F] IcBT3EMKE 277
M, 47M, 65H, 84M, 1045M] »5¥HH, £L
<, TwEnkiml BT EMEEY (7144 —, Bi
Migh, R & A Yy, FEEEE, B O 5 EHE THERL
s

RERFHE - WERE Y, MAF44, EERALIT
Jioe BMEROHERE T, EROBEGERETRDYE
7et%, TRBHRECEELHESNG IO ENTS &L
Hic] LHUR Ui, BRUEROWRE I ERG K2 TR
bR o, EOFRE R, BBRIUETR O ER
FD, HREVNCTHORrEMY AR X O ICEEL
TiFe olz, 2%, ko 3fEOEMEOTOVTH
2 FOEMEE A CEBRINETR -7, FHEME
eo&, 5 o0BEMEEET — 7 OBEEI X - THI208
RIlE TR L TR LB E0RE 2 KD 2 %5 %, 5
ERE L, BEOIRIEFZRINZ LicExl, i2
L, FHIERIIZRRORMR X ORBICMAELZ VLD
iz Uico BEEIE, RIIOBGIOERMIzRL TiE, BN
FICHGER L, BFEARKISVEL EA DY, RIIO
BB BRICET 5 Kb Bk HREF>»0Th
B, Thbh, RIEME B £l &R @RS
L, BERENEETH - T b ERPE NI e BURE A
UBTHEMED D B 7, BB o R AE & REL
Izo

RGO BIE - 5% : MERES) (MgEs - JEH), SCR,
BLUWREE Lafayette #8IARY 777 X ->THE L
7z. FEUEIESHIE Multi-function ==y M X > THEJRE
WEMEEESE L, SCR X GSG = =v MZ X - THIIETE




(60)

(REESAR) Uiz, MR, #HBEo Lo vz
%7z 50mmHg DZEKEF ML,
= MCX > TEREEDSE L 72, Y EoEBEKERR X
VR - BER G L~ —h— 22 F—2 L a—4
(TEAC %88 MR 30) TRAE6EL 720

2. AVEL—LHTORER
LREOERIC L D, FHo6%E (BkBRE484 x 2 ERI%k
HE - PADOEEICO X48) ORIGEENE LRz,
BRIGRBICOWT, a v Ea—2 itk 3HEST5 -
2o Fabb, KBERIBICKT 5 EREE, SCR iR
W, RS L ORISR ZFIL, AIC iS5
EE1Tlrolc, HERKEIE Table 1 IR+EY T, &
EBICOVTEL < BIEHED T & o S REO iz
89.6%, MABEZOVTEL K BHHETE 2ERED
HRIZ72.9% Th o7, MBEEL AT L, FHERIT
81.2%, FRHIERIXI8.8% L7125, BUFERLF KRS
BHROLDIUEREDO I F Y — 2R FBZ L TH
%, —fRIZ, AIC OENRL L V/hS WA, =FA
FOEL ATz LBmbATys (KT - BE -
BN, 1983, 2z T, Bk - BitEF Lo AIC ©

Multi-function =

Table 1 Percents of computer decisions on
records under innocent and guilty

conditions
Decision
Condition
Innocent Guilty
Innocent (n =48) 89.6% 10.4%
Guilty (n =48) 27.1% 72.9%
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Table 2 Percents of computer decisions with an inconclusive category

(A) The inconclusive decision was made if the AIC difference was less than 1.0.

Decision
Condition
Innocent Guilty Inconclusive
Innocent (n =48) 79.2% 4.2% 16.7%
Guilty (n =48) 20.8% 60.4% 18.8%

(B) The inconclusive decision was made if the AIC difference was less than 0.7.

Decision
Condition
Innocent Guilty Inconclusive
Innocent (n =48) 83.3% 6.3% 10.4%
Guilty  (n =48) 22.9% 66.7% 10.4%
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Table 3 Percents of six examiners’ decisions on records under innocent

and guilty conditions

Decision
Condition
Innocent Guilty Inconclusive
Innocent (n =96) 70.8% 22.9% 6.3%
Guilty  (n =96) 29.2% 65.6% 5.2%

Table 4 Percents of correct decisions by com-
puter analyses on each of physiolog-
ical indices

Condition
Index Total
Innocent Guilty
Respiration 93.8% 54.2% 74.0%
SCR 77.1% 58.3% 67.7%
Pulse Wave 79.2% 27.1% 53.1%
Heart Rate 83.3% 62.5% 72.9%
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