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The moderating effects of perception of safety signal on relationships between
heart rate variability and empathic concern.
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The present study tested the hypothesis that the perception of safety for

surrounding environments moderates the relationship between compassion for others (empathic concern)

and heart rate variability. In Study 1, a psychological scale measuring perception of safety was
developed, and its reliability and construct validity were assessed. As a result, a 41-item scale
was developed, and it was confirmed to be a bifactor model encompassing eight factors. Additionally,

internal consistency, retest reliability and construct validity of this scale were found to be
adequate. In Study 2 we examined whether the perception of safety, as measured by the scale
developed in Study 1, moderates the relationship between heart rate variability and empathic
concern. The results indicated that the ﬁerception of safety did not moderate the relationship
between heart rate variability and empathic concern.
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I (empathy) [ LM #H O BRIECR M ZBF T 572 DICEETH Y, & SITEEICH HME~D
EB &2 ST % (Decety & Svetlova, 2012), #E5iICH D& IZx L CTIHET 22 LT, Fig2o
DEEERIEDETH &SN TS, 1 DHIZHE CEM 2R ARNHREN T o 2 8 A Y57 (personal
distress) C&H ¥, 2 - HIXMHF OEFNZEE L 72t Eim r 72 Pugd < & 2 2 B L (empathic
concern) C& % (Batson, 2011), EHIZH HMEFITKHE L7ZERIZ 2N G DREED H B 85 6 Okl
DMAEL S D )NE, REEEE (arousal ) OFEFEIZ L W H72 5 & 4TV % (Eisenberg & Eggum, 2009),
BRBNCIE, i 05T L TREEMET E 2568121385 6 O b S vy, 2
NRETEDHEAITITMBANTRNEC D, TITMA T, EOBEOITREENTRERE OGS
(WAL~ 5, DF 0, WEEE & LB OITY U T2 Lo RBBRTHL L VWIH FETH S,

JLEAOBLL & B A RCRITENCBI T 2280 D b, 2O L 5 Wi U TR RIR ST\ 5,
BIAZEARRER ORI L L THWHN D Z & BNV B 0 i J8 3 5% ) (HF-HRV: high frequency
- heart rate variability)3, ILEEAYEEL & U FBAFRIC & 2 ATREME AN FEHE S 41Ty 5 (Miller, 2018),
Miller (2018)iX = @i U FRIFRICOW T H CHI OB A HERZ LTk v, A HlE» e C
FUVMEAN (HRV 23D CTEVMEAN) 13852 5 DB 1Tl L C IS OG0 AE Tz nw—3F
T, THAPRD TRUVMEA (HRV 235D TIRVME ) 1320 & 9 Z200RW T TIERW AP (o
F 0, FARER) BAECD EBRXTWD, £z, HOHEZHEEE (HRV 2AHRE) Offl Al
HBEAOB LA ST W0 E BB TS, 22 THI STV D RN E I H DI
K L7ZBRORERE TH D &L, Z D Miller (2018)D T iEI% _EFL® Eisenberg & Eggum (2009)
ERIBED A=A L EBEL TS EEZXLND,

I E TOMTETITIEAIBLABE SN D A =X AIZOWT, RERESCH CHlE, B
BRI EEANOLE T vt 2A0Z U B3 2 A B P ERIZE B LT e, AOTTENEE
ADOBPNTWIREICL > THEEIND 20, HENEELICEDL DBRENER OFBLE
BT HMENH D, AR TIL, LRMEDOHR (perception of safety) & HEH) B /L D BIEIZ DT
Etd 2, T, ZRMEOFITIA ML AT 2HE@mICBWTER SN TEB Y, FHOREN
BRTHDHENIHENA ML ZAOMFNCEE T 5 & 4TV 5 (Brosschot et al., 2017), Z D
LMD L BE AR S L CHRV 3B 6N TERY, ZEME0mRAAEWE A
I% HRV 723 5 ATREME 23 7RI S 41 C U D (Brosschot et al., 2017), ZAUIZINZ T, Eiod X 5 72 HRV
&AL O U FRMREER D &, MO MRV ME AL HRV & AR E D F
BBMRICH U, BTN EWE AL HRV & HEABL N A OMBIBRRIC S 2 ATREMEN &
Do DFEV, BEMEOMFN HRV & KRR ORRZ T 2R EFFOATREMEDN & 5

2. WREOHEBY

AHFFED BIL, REVEDOMT A HRV & SRR O BIRICKT LI R &2 RO &
AETHZ & Thole, ZDDITHIZE | TIXZEMEOATREZFR Lz, ZatomFIcBEb
LERIIEE . TH Y, MR FEAREFRACME & o NFIBRR L), YEREREEE
K (NIL¥DZ /L), RHOFENER (REE L OEERLY), FIRZER (IR R
REZR &) MZEIF BTV D (Brosschot et al., 2018), =41 5 OFE R Z E BN E 3D KEIL/ERK &
NTWDHO0, GFEICZRMEOMRZIETE 5 REIXRE ST, KoT, W91
TIXLEMEOMEREZBHE L, £ OEHEME - 4L RGEEL T2,

WFSE 213, WF9E 1 CIERR S 7o R0 MY R 2 VT, Mo /M R g B0 & HRV
OBRITR L TR R 2 FONENERAE LTz, ERRO KL 51T, BEMEOMEINMEOE AT

HRV & HEHESLASIEOFABIBIR, ZRMEOMTE N EVME AL HRV & HFEAIES A3 A O FH B B
RERTETRILT,

3. WD Ik

(1) WFoE1

BHZE 1 CIEET, REEAZIUET D 7-OICFRIRE LT o7, FAHE CIE 613 4 (Bik
32904, Lotk 273 4, AR 11 4 EEAER 4142 5%, SD = 10.53) BOMi& s ieot-, BI#E
1T PEEDOEIEDH T, 2 - ZLERKUSHmE T AR BERMICEEdR LT a0 £
I RIVICx L, HHEFLARTREIZE Lz, 20 HBEFRIBROEZEIZ-OU T, Brosschotetal. (2018) Tik <
HNTNDLIEEMDOMFICET IS BERONEESEB =YY — RenH LT,

FRIAEICB W TERENZ 67 HEDOAREIZETHEE 2 RET 57201, W5 1-1 217
ST=, BFSE 1-1 TiE 514 4 (B 278 44, Zth 23244, R 4 4 EXIAFEE 42.46 1%, SD=9.97)
WMt GE L Ip oz, ZMFBFLEMEOMTERED T VRE 67 AR L, 5 {HIETRZEEZLT
o7z (In ALY TTES R A~S: FEFICES Y TTED), T VRE 67 HBIZK LEERMIA T
I EATV, AREDKFEHH ZHE Lz,

RS2 1-2 TIXAFSE 1-1 TER SN RO MRREDOR BT VAT 5 & &b, FR
EEFEMEZMGE LT, BF%E 122 TiX, 1 A HOFEOSHrx5iE 346 4 (B 191 4, bk 154
%, KRB 4 SR 53.21 5%, SD=13.63), 2 [ B OFED SHTRIRE 1L 96 4 (B 58 4,
2ot 38 44 EHIFENS 5176 7%, SD =13.77) Th o7z, 1[EIBOFHE L 2 B H OFAEIL 4 BEE O



M@z & CEME LT, SMEXZEMEOMFERE 41 HEIZX LT, SHETHEZZ{To7,
o1 EHOREDT —4 ZHWT, 8K EZBE LR 708 21T > 7o, fEEIE 143
Hrcix, &R+ OMEEREZEET ZMEBET L, 2 TORFICEET 2@mKA T2 8ET HE
TN @EREFET L), RCOHABRICEELEZ 2 —KEF2HETL2ET LV (WHEFE
TN) OETIVEAELRZE Lz, £72, 2BIOREOS REAROMBEGREEEH L,
5 1-3 TiE, ZRMEOHMTERE OB S Y EZWGEE LTz, B9 1-3 OBt RE 1 254
% (BYE 1754, &Pk 79 4 E¥FEE 5540 %, SD=13.68) T o7z, WA YYEDOREE
21X, DBERRYA NV ARDSREE aARM, 1997), NSRS 2 e RE A AGE R (Diener et al.,
1985 HAGEFR MAEF, 1994), HAGEMUIVHUER EE 0 3 35 A i)t (Hughes et al., 2004 H AFEFR Igarashi
etal, 2019), AAFEMRE/L T « 23 b —/LREAMER (Tangney et al., 2004 H AFER FRIRH1,
2016), MR TS R R OV (I, 2015), 2P RTORF-BIMRICE T 25HE (B
3,2001), TSR FEIHAL (Adleretal., 2000), TEAIERK (Idler & Benyamini, 1997),
B - 252 - JRRBEIC KT AR (h s i, 2014) 2 W2, 2IEIX NS ORE L 2D
AR REICEE L, MO REDORRERM S Lo REMRROMBBMR A MEE L7,
AR OPFET — 4, hr=a— R, WO H 14551 Open Science Framework (OSF)IZ T2 B
LTW5% (https://osf.io/n35kb/), 72ds, WFIE 3 IZBI L CIFFATBREREZIT o 70,

(2) W52

AL D IIHT R G 1X R« KRR 46 472 - 7= (BYE 19 4, Lotk 27 4 EY45EH =20.89
%, SD=1.88), AW TIL, ZINFEILE T IEMZNE T 25 ASSHEFERE (Davis,1980; HiE
fil, 2017) & HF5E 1| TIERR L2 RO MR R EIZRIE Lic, o mBEREX 41 THA 8§ [®
FORER SN, BIEE S HE (10 2<YTUTESRV~S: EFICESYTITED) THE
Lz, 728, MO REEE & AOMBERERE R L 3EB Z0W 0 SERIN Lz, & ASUGHEFEE
1% 28 THH 4 TR S, &L S ik (10 <Y TUIELRNA~S: FFFIZEICNT
ITED) THZE LK,

REEZEIE Li=%ic, LEX==v  (BP160 and ECG100C, Biopac 1) % V>, Z#HHE 5 5
MO LEE Z2HE Lz, 2MFIXT =X IR R SNDEEEGRZ 72N, 5 BN TEE
(i 2 U7, DIETEEOMIE T — # 13 kubios HRV software (Kubios £5) % FAIVW Tt L, SERLLA
& L HiZ, HRV OFEHE L L C HF-HRV (High-frequency HRV; 0.15~0.45 Hz) D/ —% 11 7 45 #
L 72 $5 1% <> RMSSD (Root Mean Square of Successive Differences) % 5 H L 7=,

AW TIE 3 DORFHAT-TTEY, OSFIZHFPRERD A TW5D  (hitps://osfio/fg7qp/) s 1K
RO MR R E2TE A A L HF-HRV BN IEOMBEZ RTEWIRHTH Y, £ ORGE
DI=DIZ TG OMEBEBIRE 58T Uiz, F7z, et miE R E 2T B 58 2MEWEE T st A
TS TEFEAR O A B. O A & HF-HRV N IEOMBE 2R L (G 2), E#ECIXADOMBEZ =T (K
3 WD 2ODRE AT Cle, ZORBARRET 272012, ZeMEOMRERESEASA %
HAWSINE 2 R JEdr:- U (KR 21 44, @lf: 25 4), BEZ &2 HF-HRV & EA9BE0AS . 0
FERARAMR Z 004 LTz, TAUCINZ T, BetEomi RESS L HF-HRV OERRELOENH D
RHAEM 2R A, AR OSSR A B AR A L EBR T 21T o 72, £72, PR
|\Z HF-HRV % RMSSD [CEE#ax 7= b B8 2o 7,

4. WFFEE R

(1) #FgE1

HAFAEOHHITRENHE LT 2 A, 180 DY — KN 67 DA T I VITHEINT-, #
DIH L, R EKN 25 A7 TV, BRHIOFHWERN 4 273V, WBERBREEERN 28 1T
Y, BERMERN 10 DT I) Tholz, KxDOAT I VMNLEA X EER L, Ltk
REDTVRE 67 A Z/EK LT,

MR 1-1 TR ERMEOMTEREDO 7 VRE 67 HEIZOWT, HRMKN T EIT-72, KT
BOWREIITEHOEEEZ A, BEEOMREEZ RS LSHETE 5 41 HE SKTZ28A L

(MAP J£4) , ZNENORFIZEENL2HENRND, BEEOMTRE L h#FH L oo7n
DIRT), HEERFEOHNLOLERY), EEFEEREORSH ST, [E#EE~DEERNT,

A AHEA~OBERT), AR AT A~DOEHEN T, ODEOREINT |, FENDOZR
K11 &fd Lic, 2B, ZNENORTF-ONB—EMEIMIE 1-1, W58 1-2, 58 1-3 OWTh
WCBWTHFOTHY (74 = a = .95), &2 CORFIIAELRIEOMBEERE = 2DIChH -7,

WoE 12 D 1 B HORECTIREEMOMRERE 41 HEIZOWT, #MiEME 1O 1T -7,
3ODKFETNDETIVEASEZE LIZEZA, BRLEAENSWVRAFET AN ERMA SN
72(CFI = .890, RMSEA = .059, 90 %CI [.055, .062], SRMR = .056, AIC = 33950.82, BIC = 34577.79),
F72, 2BOWEOT —F EHNWTKRFOFMRERHEEZRF LA, toREEZRLE
(r>.75),

BFZE 1-3 TiX, ZetEomi REOK KR AR IEEOMBIRR 2 et L=, T ORR, ol
BERICBW TR A = T2 TOXT RNAEN OHFREOHEEDOFHBEBRICH Y, FHBERE
DIEAICE L THIRE & —F L T /= (Tablel O KFETAE 8 [r|>.29,p<.001), L7=3-> T,
KR 1 DRERAE &2 L RS S Tz,

M1 Tl 4 >OfEE & B LT, ZRMEOMTREDIERSCEEN: « 24O RFENTTHIL
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Table 1. REMOMEREDERF LS EEDHEERE R

1 2 3 4 5 6 7 8 9
FHENR LR -.56%* - 43** - A4 -.34** -34%* - 44x* -.38** -50%* -.50%*
[-64,-47] [-53,-33] [-53,-33] [-45,-23] [-44,-22] [-54, -34] [-48,-27] [-59, -41] [-59, -.40]
FEOANEBRE .66** .63** .63** 34x* .36** A43%* A49** .39** 61**
[59, 73] [:54,.70] 55, .70] [23, 45] [.25, 47] [32, 52 [:39, 58] [:28, 49] .53, .69]
BABRIVEERE (BEE) -.54** -.58** - 44** -.27%* -40** -.31%* -.30%* -.30%* -.60**
[-62,-44] [-66, -49] [-53,-33] [-38,-.15] [-50,-.29] [-41,-19] [-41,-18] [-41,-19] [-67,-52]
EfEfREL 7 - avba—L 34** 27%* .30** 14* .16* A40** .15* 27%* .36%*
[:23, 45] [.15,.38] [.18, .40] [.02, 26] [.04, 28] [-29, 50] [.03, 27] [.15,.38] [:25, .46]
EEHRRZE .36%* 31** .33** .28** 22%* 22%* 21%* .29%* .28**
[.25, 47] [.19, 42] [-22, .44] [.16, 39] [.10,.34] [.10,.34] [.09, 33] [.17, 40] [.16,.39]
EHERFNHAL 55%* A2%* .65%* 27%* .28** A2%* 39%* A4x* A9**
[46, 63] [:31, 51] [57,.71] [.15, .38] [.16,.39] [:32, 52 [28, 49] [:33, 53] [:39, .58]
B~ 0E8E 32%* 21%* .34** 27 14* 13 53** 12* 21%*
[20, 42] [.09, .33] [.22, .44] [15, 38] [.02, .26] [.00, .25] [43, 61] [.00, 24] [.09, .32]
ERADOEE 45** .29%* .33** A1** .30** .20%* .69** 21%* 37**
[:35, 54] [.18, .40] [.22, .44] [30, 51] [18, 41] [.07, .31] 162, .75] [.09, .32] [.26, .47
A~ DEE 50** .39%* .36%* 27%* 37** .34** .62** 27%* A1**
[40, 59] [:28, .49] [:25, .46] [15, 38] [:26, 47] [:23, .45] [54, 69] [.16, .38] [:30, 51
A RS R A45** 27** .30%* 59** 27%* 23** A45%* 27** .36%*
[:35, 54] [.15, .38] [.18, .41] [51, 67] [.16,.38] [11,.34] [:35, 55] [.15, .38] [:24, .46]
BERORENLREE & DEIR 5g** A8 30%* 34%* 78%* 41%* .39%* 35%* 48**
[51, 67] [:38, 57] [.19, .41] [22, 44] [73, 83] [.30, 51] [28, 49] [:24, .46] [.37, 57

1) i & B 2 MBI RS () & KFCoR L7z, FRBISRED FOLMEIT 95%IEHEX M 27=3, 1. RHARTF, 2 if L
DORMNY KA, 3: #ESRBRFOHN OZER T, 4 BEREOIRRCH IR, 5. REE~OFERT, 6: BHOHIE~
DORGBHET, 7. AW RAT LADOEFEAT, 8 LDHORERT, 9: FDDOZRRK T, **:p<.01,* p<.05

(2) #FgE2

L 112D\, 2RO TREORIE B S AIL HF-HRV & AOFBERRICH > 7225, #
FHICIEA B2 o 7= (Figure 1 /£ r=-.23, p = .120, 95%CI[-.49, .06]), F£7=, RMSSD L[ L < AD
MBEEKRICHY, ZTHLLEKRHBICAERLE > = -31,p= .036, 95%CI[-.55,-.02]; p =
-35,p=.018), ZHHDFERIE, BKEL 1 THEE L TWEBEMR & R ZRFER TH - 7=,

IR 2,3 12DOWT, LMD REORE B ROMEEE, S L 612 HF-HRV X° RMSSD (%
AR O R LA BB RfR & R S 7o T2 (Figure 1 A5 r=.00 ~ .11, p> .590), X 51T, £
RHNCEREIRIW 2T o720, ZaMO M R E2E B 53RO & A B2 EO MBI
RIZH -T2 b DD =0.56, SE = 0.24, t (42) = 2.30, p = .027), HF-HRV(b =-0.03, SE =0.10, ¢ (42) =
-0.03, p =79 N5 DR HAERTED =-0.14, SE=0.21, ¢ (42) = -0.69, p = A IIEHETZ -~ 7=,
Z OFERIE, HF-HRV O 0 IZ RMSSD AR A LIZET LV CHRETH Y, ZaMk
DHTERED B ILEAIRR L & AEREDOHEBEBRIZH Y (b =057, SE =024, t (42) =236, p
=.023), RMSSD(bh=0.00, SE =0.01, ¢ (42) =-0.02, p = .906)°AZ AL{EHIE(b = -0.01, SE = 0.01, £ (42)
0.97,p=33NLIAEZ 1=,
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Figure 1. HF-HRV L RE£MHOMERELRABROHEERERKR (£), T£EOMRERELERE
BRIE®E, BHEICHITSH HF-HRV & BMEL/ROHEBEER (B)
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