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A COMPARISON OF DETECTABILITY OF DECEPTION
BETWEEN PHYSIOLOGICAL MEASURES

Kohei ADACHI and Akihiro SUZUKI

The purpose of this study was to exhaustively evaluate multiple response indices in the psy-
chophysiological detection of deception. Physiological responses of twenty-four guilty subjects
in an experiment using guilty knowledge test were analyzed. Detection accuracy with measures
of respiration, SCR, vasomotor responses, and heart rate was evaluated on the basis of three
kinds of standardization statistics. As a result, measures such as respiration speed, respiration
curve length, expiration time, SCR amplitude, SCR rise rate and heart rate deceleration show-
ed high accuracy. A noticeable result was that accuracy with respiration speed and curve
length was superior to accuracy with SCR amplitude, suggesiting that inferiority of respiration
measures in earlier experimental studies was attributable to insufficiency of definitions for

measures.
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Fig. 1 Measurements of physiological responses. See text for details.
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Table 1 Detection accuracy with respiration measures.

Thorax Abdomen
Measure Mean Difference Hit Rate(%) Mean Difference Hit Rate(%)
SWI* SWS*2 RC*3 SWI RC SWI SWS RC SWI RC

Speed (slowness)

post-stimulus LG4k TR o8k 63*F  67F* L4655 21 BgE 5O

difference*t .55** LOLEE | 21%% 54%F g HIFE A8rF 7Rk 52%% 40%*

ratio*s 53 5O g1k 56**  BgFE 4BFF 45k 17FF 5OTF 46%F
Curve Length (shortness)

post-stimulus BATEGBFE28FE 63EF GHEF 47 BERE 1 BeRE 5QE

difference S4FEBTRE TR BgRe BEEE BLRE gge IgkE Gk o

ratio S4FEB0RE Q1R B4R BgEE 4QRE ERE LI7RF BORE 447
Area (narrowness)

post-stimulus V17 B VAl Ui 50%*  44%** .09* 21FFQ7FF 27 23

difference .32%* Bl 18%* 407k 4470* 12 11 .03 23 21

ratio L3g¥* I Vel Ko 46FF  46%* 10 .10 .03 19 21
Inspi. Amp. (smallness)

post-stimulus 1 Rl ) I S b 42%F  46%F .19% .22% L 08* 42 3@

difference 22F* 21FFQ9FF 27 25 .20% .19* .07% 42%% 35%*

ratio .26%* L2565k Q9 31% 29 2 20F 21* .07% 44%*%  33*
Expi. Amp. (smallness)

post-stimulus L40%* L42%F  16%F 48*FF  40%* .15% .17 .06 40%%  33*

difference 220 7 S § o 38** 3otk .14 .14 .05 29 29

ratio .33%* L32%*% g%k 40** 35k STE .16* .05 31*%  31%
Inspi. Time (length)

post-stimulus L30%F L 20%k 3%k 44%% 4Gk L28%k  ogkE (7% 33*% 29

difference .20% .19%  L07* 40%*%  33* .11 .10 .03 31*% 25

ratio .20% .19% .06 33% 29 11 .10 .03 27 25
Expi. Time (length)

post-stimulus IR 3R 138 gRE 3gRE 40FF BIMF 1% 5GEF 5O

difference BT3B L1 48 40%E 50T 48%F  18%F B 5o

ratio .36%* 35Tk 18%* 467 40** LBOFE 4% F 1gFEF pok 4@k
Cycle Time (length)

post-stimulus .44%* L44%F 15%* 567 48%* L3@FF38FF 14FF 46 gqr*

difference J35%F33%F 07 44%*  33% .30%FL28%F 06 42%%  33*

ratio L35k 33 08* 4%k g5k L30%F 29%F 07 407 38**
Pause Time (shortness)

post-stimulus .01 .03 .02 33%  35%* .06 .08 .05 29 33

difference =il .11 .04 35%F 29 .08 .09 .07 31% 29

ratio —.02 —.02 —.04 17 23 —.01 —.02 —.03 19 21

Baseline Variance

.05 .06 .05 3t 27 .16% .17F .08* 29 40%*

*p<.05, *¥p<.01, *Standardization within individuals, *2Standardization within sequences *3Range
correction within sequences, *#Change from pre-stimulus to post-stimulus, *Ratio of difference to
pre-stimulus
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OIRIFDILK - ZINTBIF 2o DiREET, AR
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3. HRiR - iMA DERBMBE QLR S 1977, JEiz, 7K 1990) Df5R
R (Table 3) o\ Tk, Mo LR - Tk X LR, BHBREIREE L TR TRVC E2VRER
Table 2 Detection accuracy with SCR measures.
Short Term Long Term

Measure Mean Difference Hit Rate(%) Mean Difference Hit Rate(%)

SWI#*t SWS*2 RC*3 SWI RC SWI SWS RC SWI RC

Amplitude A4RE BgRE op¥E BgRk gk gwk g7kk ggik pokk gk
Amplitude (/'4C) P VAN 7 S - L - G A L G-
Rise Rate (fastness) L48%FF 5k g7k 5% 63%* L8k 5%k opwk  Hpkk 5k

Latency (shortness) .13% .13 .03 31% 19 .10 .10 .03 3% 17
Peak Time (shortness) J20%E 30%k  12%* 38%*  38%F* L3k 3ok 1EEE BOFE 467
Total Amplitude WAL T L R

® ook kL k2 43 gee Table 1

Table 3 Detection accuracy with vasomotor measures.

Relative Blood Pressure

Finger Plethysmogram

Measure Mean Difference Hit Rate(%) Mean Difference Hit Rate(%)
SWI* SWS*2 RC*3 SWI RC SWI SWS RC SWI RC
Baseline Ascend
highest value —-.31 —.32 -—.12 13 15 .15 .15 .08* 31*%  31%
maximum ascend —.26 —.27 —.10 17 17 .10 .11 .06 31% 29
Baseline Descend
lowest value L31FF 31 L13%* 46%F  48%*  — .02 —.01 —.02 13 15
maximum descend 17 .18* .08** 35%* 4%k .07 .07 .02 19 19
Baseline Variance
.07 .08 .02 29 23 .13 .14 .07 27 29
Amplitude increase
maximum amp. .08 .14% .07* 21 31* J18%* 37HFF 15FF  HyFE 56
max. amp. ratio* 247k o4%F  O8F 33% 35 .12 .12 .03 40%*%  31*
maximum increase .05 .06 .02 31%  33* .07 .09 .03 31% 25
max. increase ratio*? .12 .13 .03 31 33* .05 .06 .00 29 29
Amplitude decrease
minimum amp. —-.10 —.17 —.08 15 17 =15 — .26 = .12 8 6
min. amp. ratio*¢ —.26 —.26 —.09 13 10 —.09 —.07 —.02 17 17
maximum decrease .18 —.17 —.07 17 17 —-.01 .02 .01 27 27
max. decrease ratio*? —-.13 —.12 —.05 21 21 —.06 —.06 —.02 25 19
Amplitude variance
.09 .10 .04 25 23 J14% 0 L16%  .07F 29 33*
kR k2 ¥3 gee Table 1 O F6 . *T ratio to pre-stimulus mean

) )
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Table 4 Detection accuracy with heart rate measures.

Mean Difference

Hit Rate(%)

Measure
SWI* SWS*2 RC*3 SWI RC
Mean Deceleration
post-stimulus L 34%* .43** L19%* 507%* 52%*
difference*t .43%* .43** .18%* 44%* 50%*
ratio*s .43%* L42%* 187 44 48%*
- Deceleration
minimum rate .20%* . 24%* .13%* 35%% 48**
min. rate diff.*® .30%* .30%* a12¥* 38** 46
min. rate ratio*? .30%* .30%* 2% 44** 48%*
max. decel. .01 .01 .01 15 19
max. decel. ratio*8 —.01 .01 .00 13 17
Acceleration
maximum rate —.19 .23 —.09 15 13
max. rate. diff.*? =31 <32 =12 8 10
max.rate ratio*!0 —.31 .31 —.12 10 10
max. accel. —.25 .25 —.11 17 13
max. accel. rate®!! —.26 .26 —.11 15 13
Variance
.00 .01 .02 23 27

, y

*2 % see Table 1
k4 k]
) )

*5 k7

*8

72, DOifi(Table 4) 1w oW Tk, BT i8>
WTEWIRIEE 2 A b, BB TO ORISR H
ST - RE(973) bOSWIEER &b —F T B, L
U, VRSB &R U iR Y, SEE O Ss & OV R
WECCBF 2R S, SRR BT A IR I
HRELEETR SN o, OIFPHEDCIRE L LT,
ARPEE NS & ENFM TR EAVR SR s
2 &5, EMLAERL Y, HM#to RSO E Th
W ARWODIAB D ZEN T RIE E A7 S b 2 &%
<, DD IEA IS - TER LT A o &2
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AT, MR R BHHREY S 5 2 L8 B,

Z

IERSET), SCR, IR L OB 3 %3 110D
SOEAREE DR 2 3T Lz 2 h DRy — % &
DIZLTC, FRINAEEHER H DDA E 30D
LORFIE LN Table 5 THD, WUhEHE, W
EoBIMIBEE R LE <, SCR DIRIEDOREE R ZHIC
Bi<o fluic, SCR o EHR - H3HRIE - EERR, 17

5=

* difference from pre-stimulus mean

, KT RS8R0 L ratio to pre-stimulus mean

WOET) O AR - FINRER], R X O, DIHROFEER
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BHKSEE D AL 1 A2 4 (L TR BIEE - B o ik
e &R E N, ch b0 2 /AR b B R
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ERHEEX DV bR T 500, EITEENT
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(Table 1), WFEOEL LT, L, EFHED
FEMED D FE, WIREE R S BERICIRETH D &
Wz X5,

PO REIT X DRSS, SCR X 25
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CRWTHHEGRIGE & bk bEERIEREE ST
DL, EROEBROPIE T, —H L TREE
RIS B LR ERTER KRS 1977, KIS
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FRTERLI W, (2) ERMTIE TR 5 T
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Table 5 Thirty measures showing the largest mean differences of within-sequences standard scores

1| RES. curve length (T, P) | 11 | RES. curve length (T, D) | 21 | RES. curve length (A, R)

2 | RES. speed (T, P) | 12| RES. curve length (T, R) | 22 | RES. speed (A, R)

3| RES. curve length (A, P) | 13 | RES. speed (T, R) | 23 | RES. cycle time (T, P)

4 | RES. speed (A, P) | 14 | SCR amp. v AC (LT) 24 | HR mean decel. (D)

5| SCR amp. y/4C (ST) 15 | RES. expi. time (A, R)| 25| HR mean decel. (P)

6 | SCR rise rate (ST) 16 | RES. curve length (A,D) | 26 | HR mean decel. (R)

7 | SCR amp. (ST) 17 | RES. expi. time (A,D) | 27 | RES. expi. amp. (T, P)

8 | SCR rise rate (LT) 18 | RES. speed (A,D) | 28 | SCR total amp. (LT)
RES. expi. time (A, P) | 19 | SCR total amp. (ST) 29 | SCR peak time (LT)

10 | RES. speed (A,D) | 20 | SCR amp. (LT) 30 | RES. cycle time (A, P)

(T) thorax, (A) abdomen, (LT) long term, (ST) short term, (P) post-stimulus, (D) difference,

(R) ratio
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