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Long-term habituation under Truly Random Control procedures
during human sleep: A preliminary study

Kazunari IKEDA and Takashi MOROTOMI

Abstract

This study examined long-term (between-sessions) response habituation with the
application of Truly Random Control procedure (TRC) during NREM and/or REM sleep
stages in three adult males using heart rate (HR) as the dependent variable. Subject A and
B received the uncorrelated presentation of one kind of CS (1000 Hz tone) and UCS (electric
stimulus) in stage 2, stage 3+4 and REM sleep over three nights. In both cases, the amount
of HR response against CS became larger on the Ist night than those on the other nights.
Subject C was given the uncorrelated presentation of two kinds of CS (200 and 2000 Hz tones)
and UCS in stage 3+4 over six nights. In this case, differential discrimination of CS was
observed, and difference of HR responses to each CS was reduced night by night. These
results suggest that subjects exposed to TRC during sleep are possible to acquire long-term
habituation in that state.

2 6N

3 ZDORAEF OREIEIRF - Truly Random Control i & (TRC) Z#EAL, MEIREFICE
F2EHO (yvayETEs2) Bhieou Tl (HR) 2EL L THENT, HERE A
BRUBREML 3FE-S T stage 2, 3+4 RV REM izBwT 18O CS (1000 Hz &) & UCS
(BB vk 2REEE b I W L S WWEIR LT, ZORE, mi#EE O CS ioxdd % HR
BEERMOEBRFEICHARE1IFTREL Rok HRECIHN LTI 6 FICEY stage3+4 1<
BT 2EEO CS (200 RUF2000Hz F) & UCS 2R BHEAME R RWE I KR,
ZDRER, % CS 2t d 2 HR RIEDMERBIE LTz, £ 72 CS HDKIG D2 13 EERR DRERIZHE
WA Utz BLEORES > &, BEIRERIC 81T TRC 28 S - BRE C 3 RP OB T
BLEEDILIBTE S,

R OMELBET S L, TORBEIZLIETLTCEY, AR TEULHEER
OMBRERRIZBWTHASHINTHEVEIRRZ S, Ly UEBRICHEIRF OHERE 347
OBEERB A BIRZAEL TW 3 2 L BROF»SHS»TH S, ARONEFH KT 288
ORI HER I ENEERIERICET T2 (Poitras, Thorkildsen, Gagnon, & Naiman,
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1973) . ERERAF O BEE I K EA R PLEBNERK BB T, fiFOLH LB L HE D4
B L & 0% OFIRERT (Oswald, Taylor, & Treisman, 1960 ; Beh & Barratt, 1965 ;
McDonald, Schicht, Frazier, Shallenberger, & Edwards, 1975). BEREEO#EERSE 1o &Py
T X o THRERB(CS) DFABIREIIS | 5 &, HBRE D ARES, NREM FEIRE Iz 5T CS
BOABIERESILTWwWS (Beh & Barratt, 1965 ; McDonald et al., 1975)., BLEOZEEL,
B D EEERF I ES U AR OBRZERFFCBWTHMEL TH 3 2 EE2RL TR 5,

FRTREBRESEBRPICH - 2 EREPEE T2 LR TH S 5 b, TORBEEEL T,
BEIRF I B 1 218 (habituation) OEBRE I N TE T, Bh & ZFBOKER X - TRE
BREZFE LIBEBTHY, BEO—HETH, BT 2BERICEIBEL LSS, B
VMEBRCBOTEROBEVEEINTWS, 2T E2WRICLLERTE, A—FHEORER
£ 0 BB OIEELSHEE L TIT L DY, FebBRBORRC L D EEEENELC S, 20
BRGENT 2 BROMEIT 2 HOKEEHEA THEIEL Tz (Sharpless & Jasper, 1956),
FHROFERS I v P 2RHREC L TESNTWD, ZOBEE TR ISI B 24 BT HEREIEOEN
BEL, ZO%HRIZ 32 BB THLEEL Tz (Leaton & Jordan, 1978),

7%, AHOBERRLEXRNRC LIHRIERFCSU2ENOBRLE#ETHZ 2 L 2R
LTWw5, BEEERFIZ B TERIE (1000 Hz, 3s, BE 30-35dB, ISI30-45s) it LIRS NIz
HEREEOELL, FREOARIC LI VBUBERIN S, 2EBIRMCHEBIRREHEL T,
BHOBSLIZIZE A SER IR - 7 (Johnson & Lubin, 1967), L& L ZOHBOFEIC B
CHESEGR2EETA LI 1 E DYy Yy a v INTIREBABEL B Z LRSI R -7,
Bz EREoFEEEZ/NA3 L LIS 2E LSS (500Hz, 1s, HEBF X Y 10-15dB £,
IS110-20s), BRIREFIC B 2 HIBOKE W L D OENERRENED Lz, /ey va vy NiK
B 2 BREOTRIELHEAT 2 L, KLOBEESE U (McDonald & Carpenter, 1975), DL
LowEiR, BEREO LS RTEREOZLI B TERSEIRMIZEL 3D H~, EiEE
WO ITEMRES R SN CREABPER A BN L 2RLTw 5,

AN EHRICLE EROFRIZ 1 EOEY Ya vRIZB T 280 OB BECS L
PHOMIZLTWSE, TRTRIERFFICBIT2HERRICEEE L LEE, EERGOBE L
BRI HEECES, d5VEREO0MBEEBVIEL (BHOEN) BELETHS 0, KL
BT EER TR, EREORREE 1:EM & L TEk®E O NREM RIRE - S HR# (500 Hz,
1s, 40dB(A), ISI30-90s) 2R LI &L 25, DRRIGOBARERE 1K EE 2RO TE
BENHPE 2R EEIROBM B TEHEI N » 5 1 (H, 1991), I OFERIZERR I B
7 EHEREEORMOBENSE 2R E CETT 22 LERLTVE XS ICR LS,

REBRTIIF] & e TERFIC BT 2 BRREEORMOBEN 2 MET T 2, LT ER GliH,
1991) TILHERIGOFEBE 2K E CHET T2 KBS ko s, FO—ERE L CHIBEE
BRYCEMTHo I LRBT LI LN TEL DI LEELD L DDOFHRE L LT,
AKEBRTRENESEL2IVEHICT 222 LY, DHEEBCERBEL 2 2 CORENEREYT
BIpE S EHEND,

X B 1

Truly Random Control £#5%& (TRC) I Rescorla (1967) I & - THHEEMET T OB %2
MEZEr LTEBEIN:, TRCIZBWTIECS LERAERIE (UCS) 0Ll Ty 5 ACER
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AN s, UCS BESHIBD & 5 BHERIECH 2355, & DEREIZ BV THEMES CS 5 UCS
DEERZEFHT 2 Z L FIRECR D, HEBR GBS ERE 3N 5 (Seligman, 1968),
HERBEOKGME, 5 B84, TRC 2 /- #4138k (sensitization) 234 L, CS
WXL TRERGEEUL TRV IBEEGEORIESER a1 S (LeDoux, Sakaguchi,
Iwata, & Reis, 1986), & 1 CHEBREOMEE C TRC 2FH T3 I L&D, WMEAKKKR
BUORITARENERE2HIVDEET 203 BET 5,

Vil &

WERE WENE I 22ROBFHEL2H, MEL L FOEROHPELRZISMCAZE LIz,

B LR EERREHIED®, Rechtschaffen & Kales (1968) O3y, i (C3,
C4, 01, 02), IREREN, MHEREHERED STHL, M2 CLEN L SRR RNES 2B
VEFES0.03 s, RGN RS 300 Hz THIE Lz, # U CLEREHO ADEREDA 7 54
VAL X D 0LHAE (HR ; beats per minute) 28H Uz, 2 7-@EBREOMFHLRY > (1
B0g OMETHC ) 2EE L, HEENRY V2L L 3HEEHOF ¥ VAN T—h —B
DL L, £IEBERERRMEGH (ARER=Z%1 A% KU FM 7~ 71 a2—5 (TEAC
SR70) wESkI iz,

CS & LT 1000 Hz #%, 40dB (A), F#i1s »FTHEIREYY 455 (30-90s) TR L2, CS
ORI 7 77y arPe v —% (EEFG330) 2HEAL, HEERRIZEEOFHIH 50 cm
WEPNIAE—A I DT o, UCS 21 40 Hz OBEHIEL, B 2s 2w, UCS 28
SHNBEE (ZH3F 3D KLV, SR EBR I N THEBEOE TEARERIN,
UCS#RHED2BBIRD I 2 ThRUTLEL o3 FIcEE LT, WEGEE IS 20.63V (16~35
V) ThY, BEROPERE CREIELGESCHTr»SHEA2HEZ 2 2 TOHEMBE L,

FBOHER U HR O 7 74 YABIIEHEERE -V FravEa—5 (PCI801VX)
ZHEA LU,

Fhie SPREI4WEERCEEER? X -7, EBRROBRRHRE A>Tzl &
724 H, HBREBEZOVWTIRIHEHBEThHoT, 1HERZEREELED 3% (R1~3) TH
BRREITR o2, 1 BHNORBERRE 3 &4 (stage2, 3+4, REM) @Bwikadhl, 1%
HOEEMEZ L1z CS % 60 31T, RUTUCS % 45 TR L, B OFETTERES TR T A
FEITEE 70, CS O UCS DEUT LA { 72 2 FREE T3 TRC ORIERER & MHEREF
DORIBIEEIER T 2720, CS ORTHE UCS OFITH L V%< L, HBEERROBEBIZ B,
Tid, CSHRIEB T2 UCS OB A 2 EMERICOFAF S, CS & UCS M5 E O 217
BBEIIC Uiz, BEBERZBT BIE L AL OREIRR IR OEREEN TIT 5 5 72, stage2 | [
ARREIHE 2~4 (>95%), stage3-+4: EEIREEI 1~3 (>97%), stage REM : EEEEH 1~4 (>
95%) o HERE I IIRMBHOBRC LY, BEPICHB2HEEL L EFORY v 2HT LKk
720

FEROME  2FITON, KR o 3 5s ULEREET 25, FORSY VL, b3 0IidHERE
OEEIDME - T2 b DR RIGEOHED SR LTz,

CSizxtd 5 KHEEE LT HR 28AL, KiME#% Lang & Hnatiow (1962) @ Z-X #icfe
WRD &S ICED Tz, CS BlaE 2~6 RO EK HR, 7~20 AN OE/N HR 2K, #iE»r 6%
EEFOREEPRIDEL Lz, —BAD 1 &E0fELE LT, UCS »54% < L H it 20s Bn -
CS #EIEA W 15 BTV, #0 HREZFHLEL 72,
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Fig.1 Mean HR difference over sessions in stage 2, 3+4 and REM. Left, subject A;
Right, subject B. One block is the average of one night data. R1 is an abbrevia-
tion for TRC on the first night. During TRC, 1000 Hz tones as CS were
uncorrelated with the electric stimuli as UCS. The onset of CS trials provided
the consequent HR difference (fastest-beat minus slowest-beat).

BRI AHEOTT L LT, B—HBEOLT — (135 BiTH) 2HRI U THEOH 21T
ote, 1 BEHIEBROS LA EEVS 2 LIIELHES 2 (Barlow & Hersen, 1984), &
R TIED H 2 BT AR L DB OB, SIEOBAHATERAVWS I LickD
BEFOEBEEPR/NBIZT S X5 EAT
® B

WEE A FBIBVWITRIOKEMEIZ R2 XU R3 OfE L LB L K & o fzstage 2 )
3H4 BT A2B/MEIR R2 CECDIHL, stage REM 2B % 5/IMEIZ R 3 w4 Uz (Fig.
1), SISO 2 BEROSESH (EBE (R1, R2, R3) xHEIEERE (stage?2, 3+4, REM))
PRHOLER, ERERVERBRBEOEMRIERE TH-o EBE (F (2,126) =11.77,
P=.0001 ; BEARELFE © F(2,126) =6.62, p<.002), % 7z EERE X BREHEOR AR ICHERRME
FECT (F (4,126)=2.38, p<.10), EBERRNOFELE (5417 »¥%) T, R1DOKIE
EXPR2RURILUBLEERKE Lo (p<.05), ZEEEMANOLELE T,
stage 3+4 L H#E L stage 2 RV REM 1K B 2 RIGEPEEICKE» o7,

WERE B R/EHEIEBITS HR EIIHERHE A LERIC R1I TEXE2RLE Figl), LrLa
BAMOERL OEELRTIMBERUREERZE otz (EBRE © F(2,126) =1.51 ; EEIREE
BE D F (2,126) = .43, EBE < EEIRERFE | F (4,126) =.04),

£ B 2

BRICBAI TR & 5w, BEROHBENAFORMBEARNT S LIXTAETH D
(Poitras et al., 1973 ; Oswald et al., 1960 ; Beh & Barratt, 1965 ; McDonald et al., 1975),
¥ 7 BEARER I B A EAOFEIC B VT, FARHEC URIGOEESEC S Z & b BERO S



BRI 12 35 13 B IBAOERISIE | Truly Random Control% Fi v 72 TR suaaat 253

FRABF UAABBEINTOS Z L OFHLTH 2 (Sharpless & Jasper, 1956 ; McDonald &
Carpenter, 1975), fit > CHERRF O WEE CHBEFEEOR % 5 2 D0 CS B8R UK, HBEE
O CS I3 5 KIMEREN ORI & > TET T 2 0, HEREEOE Y CS Xy
BRMEREMRIGOHBEC IV EL 2B L FHETE 3,

KREBROFET: 3 B, EB 1 ORBEFCEERZMZ ST Itk QHEED
CS v 3), LHBECENORIIT 2 E COHBPE oRERTINEIPPARDZ I LTH
L, M2T2o0CSOHBEHEELHEBESRAZ LIy, CSHicEROFEO L S REIEOE
BELBZHESIPRET 5, AMRE 1 BHERTH L0, TELRUEELEREBL -
CEZ COLHO RIS E b &Y (Hord, Lubin, & Johnson, 1966) stage 3-+4 RRizfREE L THI
BRRETRo T2,

B

WERE BEEIZ23RMOBTFEE1EL @EE O, THOEROFHLZUSIMCERL,

IEE LRI RIEEGTERE, BB LE—E Ui, CS L L TEBEEAD 200 K TF 2000 Hz
Wi, B 1s, RITHIBYS 455 (30-90s) & FAv7z, CS BOWEEE OBV H3HEE O RIS
CRIZTEEPMZ 270, TELER]1 O 40dB (A) 25 30dB (A) REE Lz, UCS D#
B 16V (13~23.5V) TH Y, HEBOBRECRESELESCHTrOBVWEALHE
Z5ETOHEHEE LTz,

Fhrx WEBRERZ TRIFERCREERL X o7, EBEOMBI 1I~5HTho7, 1RE®
ESEE L, Y 6% (R1~6) @ stage 3+4 THIBERTR 21T o7 1R IXDE 200Hz F% 30
T, 2000 Hz F% 10 3817, UCS % 20 BfTHRA LTz EER 1 L HRICRIBIRROBRICE VT
12, CSHIBIC BT 5 UCS OB S 2 EERICOA 3, CS & UCS e 2Rk
WAL, EEASOREHRRZERRELE 1~3 (>95%) WTTko7.

RROME EER1 OHE AR, BEICES L 2 LERIT 25D 5B L7 1T, HR Kt
BLEEHU, $7- R3IFIBIT 5 stage 3+4 OHREMSEBIH AL L, 40870 CS DR 11
BITUDERRBTERDP DT, ZOWDT —F AW »SHIERLU, —EOEEL LT, UCS
5P bl 20 s BNz CS OFRT2EF WD EE U (6~8 341T) ZBUEIERICED,
Z® HR %2 FSMEL T2,

Hat Pk ER 1 LAk, $BREOLT -2 (T481T5) 2XHRIC L THIEOR O LES T
X RRARR A
w R

HR ORGEERECS b R1IBRUR2ZKEBIAEB R4~ ICBITZELHELRED ST,
FREMERRI AU R2IZBWT 2000 Hz it LEFERCH 0 [l CS EOENKE WD, R4~6
WBWTH CSEOZENEL 75 L 5B L7: (Fig2), ME0EY: 2 BROSESHT (BT
(200 Hz, 2000 Hz) XxEB® (R1, R2, R4, R5 R6)) ZHWIER, MBERUVEREOE
MRNPEETH-7 (FES  F (1,64)=7.25, p<.01;EBR®&  F (4,64) =6.90, p=.0001),
T X ERROXEEBREEEZRE U o7 (F (4,64) =2.01, ns), M CS 2AAIIZ LT
EBRENOSELE T, R1OKGENR4KRVRE EHRLEBICKEL 572 (p<.05), %
72R2OKGENP R4, REGFRURG LEBLEBICKEL T,
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Fig.2 Mean HR difference over sessions in stage 344 of subject C. Different from

the CS used for subject A and B, 200 and 2000 Hz tones were presented for

subject C at one time. Other details are the same as in Fig.1.

£ R

EHEOHERIIROLICEED DL LBTE S, B—0 CS #Hv TRC 2EM L 12355, O
HRIGOEROENIERE 2 RICEKRILT 5, 28O CS 2w TRC 2EEL 7856, B0
BRI T ARABE—OCS PHVWREG LERER TS LD ThH b, EHBREOTAHN
BELEWEINS stage3 T4 BV T HELZ CSEORNMIBIETH S,

FER 1B THEREORIMES R1ETRRIZ 27 L BEETH 505, RRFICEEE
BEREV, HFEESBREINORIERE A OATHY, ¥ stage 3+4 ORHEIZLO stage
ITHN, #EBE A TRBRETH 20 LEERE B CREE TH 2., BRIFOFRIERE G L
SEF AN OLHAREZ % stage BICHRET LRI X 2 &, KIBOKE 2JH 5 stage 2, REM,
3+4 TH-7-(Hord et al,, 1966), & - T stage 3+4 O FIMEL D stage I HEAREEICE» -
7o A OFER LY —BNLBRICGEWEE X 5,

WEE A ORI BT 2 EREMOHE TIE, R1 CORSEBMLOERE CORIGE IR
HECKEp o, ZOFBRIBFREO A2 RERTL CELUEOBR (WH, 1991) 2%b
BV, TRbbEHMOERZRELED T, TRCDEBAK X 28BIEOSRER Loz LI
%35, L LEBRBENTET 2EHOENERETE, TRC 0B X 2 8BIboshR 2 Mib
TELHBHNZ O, B2 ITERE | BROTRBUCNT 2.0HKIGE, TRC 22T % EBRGE
DFBPERBOBEMREEREL VY REL Z50TEEVY, ZOMEIIZSE 5 2REBLET
H5,

WERE A ORISE IO stage 12~ stage REM 2 BEWTAHALEb > B PR L7z (Fig.
1o R2IZBWTHLD stage DEIHEIZ 3EDOHOREMEIC R > TWwB DXL, stage REM T
F#F 5 Thv, BIMETIE NREM BREFCBWTEHOBABEKII T3 wd 2 Ei—8HL
TWwbOIEL (Firth, 1973 ; Johnson, Townsend, & Wilson, 1975 ; McDonald & Carpenter,
1975), REM EERFFICE WL CIXEHOENEKILT 2 L w > HIR (Firth, 1973 ; McDonald &
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Carpenter, 1975) :HEirLZEWwWE WS HE (Johnson et al,, 1975) & KSHPNTWwd, ZDZ
£ 13 NREM ERIREFICH <% ¢ REM BIER B TEHOBIPECEW L 2R REBT 5, [H
B2 REM EHERF I B W TEHOELSRILEBL I L2, BRE A OT—FBRLTWw5DH»
HEIN Y, PODIETOEE GEE, 1991) 1 REM BREOF—2 gz hTnwy, HEBEB O
F—#& b stage REM TORBERLRREISERLTWERWOT, M EcofEsHmys 3T
ERAQBW

EE 2 B IEBREEROTMRED»S, R1 L R2EORIMECHEREZRE ko, &
DLy oRPOBENBRILT AR RIIFEER 1 CHBLER L2 EWB#Es, ERICBVWTE
SRR UCS & LTRAL T ERBOADORERAR L O ERSRHE ah oz Z L
5, FBR2 BT 2ENOBETFHMOEICERT 2 LHHTE 3, 20 2BOTHE
Rl 2 L P HEBRBEOHBILEED O TH 2 5, KR THEILBROBD T3, ERFFOHKER
FEO RIS L 0 SEEREC LENZ sk 3,

SATMRREHOEN E EHOEL ESEWIHNI L BB TH S Z L 2R L Tw2 (Davis,
1970 ; Ornitz & Guthrie, 1989), #iz ITHEEFBICN T 2 BERS0HE, EHOBENLIZNE O
BREEHOZECEZLPTLOIKL, BHOBLIHBORBREMEVLIEERIZLL TV
(Davis, 1970), £ 7:EBERFOEHAOENICES T 5 M TR TH 2D L, RO
E ST 2500E & Y flo RIS IR T 5 (Leaton, Cassella, & Borszcz, 1985),
Ornitz & Guthrie (1989) FIAMOEERE 2RIy vy a yN (ER1) kUtyya VM
(BEHE2) B TEROB T3 2 2R U, BER 1 L 20BEBREREERS B P 572
ZESARBIZBWT B EHOENSEWCHTITHSE I LR HEEL TS, RIRICHEER
2B BREEOESHFRIEHOBENORL%E, FREOFHRSRPOENORIZRT &
ThiZ, EFEXEREORAEAPEE CEr o> 2 L ZEERICS I 2 EHEEHOELD
PWTERBRTZEEZRIDBEY, UL, ZOMECOVTIEE 5% OFERE IC L D e
Lz L CHERmETINETH D,

HB2 B THESOITMREPEETH > 2 ik, RBEOTIMEIBEIEELEND
stage 3+4 B W TEL S CSHOARRPAGETH 57c T 2R L T b, ZOEWIRD DERFE
CBW ARSI AE I NES WS 2 ik, BERREEFIT sl CSHEOFHE
PHEEBREDAIRRD stage 4 TBWTHEBEINTWA I E»5 b5 (McDonaldet al., 1975),
~F, LRI 2HE L 7-F00iL stage 2 KU REM i BWTE U7 DL, stage 3+4 T3
Uiz otz (McDonald et al,, 1975), Z® Z & it stage 3+4 B WTHITZTO & 5 2z Bk R
OFFEAEINTY, ANEAD LS kEHESRHBOARNBTIRETHL 2R TLIICRR 5,
Lo UEBRIGIE & 288 OAFH stage3+H4 TIE LA YRk B30 L (Williams,
Morlock, & Morlock, 1966), BH#LF (BEEO~N, F44DRAFELRY) OFFNCHE LT
Bo5z2 ons2F R UEBRREERIGY stage 3+4 5 54 U % (Zung & Wilson, 1961), Lo
T Z O stage BT 2 ESRBMOBHECOARES N TWE ERB IRV, PR EHERE
BRCTR S - BRSO 29, stage 3+4 BT 24 BB T 2 I KE L BET S &
5THb,

BRI BOTRERERZ2ESHENOBA» SR TE 2, LLrL TRC w3 EREEL S
BohARBRCBENUSOERIEFEL 22 b A2\, TRC 2% L 72K, Rescorla
(1967) DFRTIZCS & UCS ORIz 2T 3B LRI L2 Wwolzx L, Seligman



256 BEYENE £ 5

(1968) DFIRTIX CS & UCS pHIL % 7z BEBMRTH 5 Z L OFFBSEL % L), Seligman
DOFEVEL W ETIE, BERFFO TRCIKBWTH CS & UCS M- 3EBEFGTHI L
OFEPETT 2R T TH S, IEBERT -5 D& TIRRBHORBEREOFE c BiiciEh e %
RAT 25 Z LR TARETH %, BHERFICH ZD LD R¥FPETT 2 2 & 21D 5121, Selig-
man (1968) 7% o7& 512 TRCERDOFHAETIRILINEET 5 Z L 2 RTHEND 3 5,
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