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Development and demonstration of evaluation methods for interactive
communication to improve motivation for group exercise activities among elderly
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In this_study, we focused on two subjects regarding interactive
communication through conversation among participants in group activities In real space, which can
contribute to the improvement of motivation and performance. (1) We developed a method to
quantitatively evaluate interactive communication that considers the privacy of speech content based

on the correlation coefficient of fluctuations in recorded speech sound pressure. (2) We also
experimentally verified that interactive communication, as defined in (1), improves the motivation
and performance of group activity participants in field experiment.



B X C—19, F—19—1, Z—19 (Jtm)

1. WFZEBRME LD &

FRE D7 LA V(55 O T 0L OEFEED 720, [TELREIZ L - T, @iEmigo
EHIL 7 ) o—2 g o FOEMEMEHOENEEICEZEE I TWE. EEOERD
SR L LT, HERFOTH « ESDEBO TR EnmbnTng.

Z O X ) 7REMPGEERENCRB VT, ZE ThDLEmmE N, TFX—va VO TICLY,
S CE RN ENEE 2> TV B EHOREE D 1201213, EFEEMNE, T742b b,
B E OEMAERNEE ~DBINWGE D T- DO DEFN—3 5 L OMER: « 1 ERNBEL 2 5.

FAT L DAFZEIZ BN TIE, —RAEE L & EEhcB T 5 1 %1 OoZERIZB T 52
A= =g EETFR— g VOBURIZOWTIIREINTWA L DIEH DD, Bl TE
FAREENEENE, AN 1 AR OZEFEFOZERICB N TOaI o =7 —va Y IMThild D
DB THY, v, —HAaaa=r—g UL EERLT, #FALZHFEEOR, £,
SZEHEMELORT, AR aIa=br—3 3 0 NELIThILDRHMNH 5 5 TER 2 M
»H5.

2. MEEOHB

BT A EFRGESNEENC R T 5, RMZ#E OETT = a3 oNRNT 4 — v U ADM k
~OD, AL ZHMBEMON S 2= —3a AL DREICH X 1T T TICHEIRL, ABFET
X, 4, miE OEMNEEETRENCR T AW H A R o= — 3 g VRN R AT OENT & H
FRL7-.

UL, WFFEIEhaiiil 2 AR5 H ik oo 2020 RIS ZEMIE A Lizaa Mz k0, RuF5EIC
BT 5, @mimERT, oL, BAESOFER 7 1 —/L FOMERIRD CTREE L 72572 Gl
T a R EGE B S BICRAT LIz DI, HER 288 0 I U 7o AR ZE St B fE AR FE 1T N 5 72 1% 0 2023
FEL5HTHHT). D7, Fix eHIRCIisRICH 12 E5E Li2b 00, S EIEEREE %
FTELTCW @ EikZ 50, EInbbEBOEMOWHIIZEVDTHI LN TE D)o
7o, AT, ERTOME SICEE > TOEMEIEEICAR LT, AETOF T4
TOEE L VD b DY I TN, ARRFIEO BIIDO—2>Th - mEFMENH 5 Tk
M7 N o7, £z, A T4 TOEE Z T HITEHREBRE L ORI LD L, @Elma
I HEAMANE L COERBEENEEIZ ZATN5S, L0FELHY, £7-, AENOIHITAH
KLETZVANTHHIZRDEBZ LN, an T @kesBE25L, AETOA VT4 TOEE)HE
b WA 72 D ATHREMER B o T

ZDi, EROEY OFIFENS, aaFRMOREICLY, HRFHOIRBEE TS5 % 27 <
olzboo, VT AREUZEMTOERANICE TS, WHRala=r—1a X bETFN
— g VA B EORGEICELEN T A — AT H I L E L, HENSRE EmECENRERIC
REEIZ, EBRT 4 — 1V ROREITH)> 2L & Lz,

ZORER, BATEHT O & 2 /B O S EH O R RN L HEEIC OV TOW 12 E D S
FHZENTEEIEND, BEMICE, ZZ2|ET7 +—/L RE LT, BlE OEMES)C
b AREREROTREMEND S, WHR 2 I o= —3 a VL OMNEN OS2 B g+
NP Y

3. WMo HE
(1) MHIM=a a=r— g URRADHIETE DRSS

9, WM aIa=r—yay, 34bb, A V2T 0T 4 T IREEEDORILOFEEHES
5720, WE LEZRGEORF# a2t — L AN G 2 =7 —3 3 O OA 24 E
THHEEERE L., COFECEY, a3a=r—2a VR L TWD EHE S 5 &
REHK R ENCEST, 23 a=br—va O ELZERETE 5. milimd OEMEEEE)C
BWTIE, #iEZHEOMBLOZH#ER LOBCONFRaIIa=r—arnE1LbN
5.

AW DO EBFERRANCHEEDIRE L LT, FRAEE OB R EEORERYT — X O 6 X%, JE5G
DF v v FR—=IVIHIET D & 972277570 ON/OFF b (B E DR FT — Z Ol & )
VR L D) L, FOMBREEFETIIE, CEBSENEN L TWAE DL, —EFEELL
FOBOMBENKNLT 2 E B 2T, UKD, TERTOMFZE L 720, SEENECME N kD
HHEFDOTEFEBEOTEREARE L LRGN 2 ET L ENTED.

FhRE LT, RABEEH G5 701 3 ANEgERE & LT, SELESREETNTN
WZHRAEE Iy~ 7 L ICLa—F—%2HEF L THH, ZAZEHE LERFEER S
Z, B0 O— NZIIHE LMY SERCEZFHA LT TH 6 9 WEEEREIT -7, 22 eE
(48KHz) L7=& 7 OFLEORERSNT — 2 OMBREN D, 2 HRIEFERFR ORI A B2 ] E T
XEMEMIELTZ. 2FMFEELEZT, 40T 72, R ERNTEREZITY, BE LUl 42dB
BETHo7=. BRSO EITX, 25 50 BRETH 7. SFHERSCOREEAEIL 20 [7]
ThHY, “ANOFEEORFEE—TEOAFEL, FERLCTHH- T

B, ZOHETIE, 2 EMIRFTERL 2 ZBICHERFICANED S Z LA HBEREN bR 2 &
72570, TOHFETHETE2aIa=r—va i, Wbd, FBaEEU AL FEGH LTV



HETAARL LTSI LIRS, 57k AABRATT HHAN, oz EDMIEY A48
FIR - WS 5 = &3 T BT B,

(2) MFMaIa=r—raraw{TolBADEF—1 a b EORKGE - FHfl

AEOHEETERZESNLIWNFT A a=br—2 a VBT84, EF_X—31 g 0087
FA— U ANBETENEIDDEGEET U — FROBE ik, NI A= ADFLERED
Bk & 72 PEE T DEBED T 4 —/V REBRZITVRGE L2,

FATHIZEE LClE, ala=r—2aiiidEF—varomtbsa7 v r— FTHIET
HHDNE. RIFFETIE, FA Rk & 2 0P (MIMOSYS) 037 4 —~ o A % & a4
HZ LT, EEMNFMAEEL - EFR—2 g L OREXERRLE

BRI, /IO B 3 E ORGHBM O — S OGO M A KR 7 4 — /L K&
L, 8 NRREDRR N E CTh 2% iHMMRE 2 #5E & LC, HBofhbid EENL O
M a=b—a b RLZEDTIDENGEEHILET, EFTN—a 0o T7r—<
VANEIET DN, UFDOX I RT o — b, HERERE, BB SRk e R E
HHET D Z & THEE L. TDMS-STIZ oW T, #IAICHEL, £0#EE R, ZoHA0 E
EPLOZTENFICE DI a=r—va 3, ¥BICVERKROERGEEZB X2, ROT
A TREE, WbPLIEOFERCIIRE (FENTZIT) LRI Izt L) L, %
B~DXENBEEZ 702 A I 7RG DY, #RESIC 1 B 2B (FFarl B, % 1)
TN 5 oERET ) 2L L, EAMICEWHREDY 7 /v a vk Gbala=r— 3
CETAHEICLE. £, SENSTNEVEIR 2 EMAENEL, T0%, SENTH LM E
SHEMMPE Lz, #BREFICIX, SENTOFER EIZOWTOEIZONTIE, FRITBZRD
S>7=.

s BT NRN—T g NI DOWNWT
(7) HEFMATT 7V (MIMOSYS), () RILRSTRE (TDMS-ST), (7)) 7 — 7EREEiiA R
(GEQ), (=) = hL b b« U—2F « == Xk RFE(UNES)

c INT F—< AR DNWT
() VE3EDFE (FRNC LR YR EBICLE L RS > -RIC LT, EBEEDORED
BRI 23 03D o T 03 & 3HEAD)

2B, BITADOHETHRIM EHESND (ERIND) MEHaAI a=r—ya v afro 54
DR L LTIE, 1C La—F— AT 2 Iy ~A 7 OERMES L, P Hh2ET5
RAEBDONRT 3 —~ RTHEL YD Z D, EYROELEFERKTIES, 7L LT,
—FEHMEELTHLHW, FEMNSOSENTONTMI I 2=r—3 3 LIZBWT, REE[HE
FROFER L 725 Z L 2R LT-. RHEITEARHENTH Y, BEF L ULE, 44~50dB FLEE
Thot-. 17, 21T, KFHEUETLIIMSILTEY, REFENICBWT, %5103 5 RE
BOESEEIT V7L, Fi2, FLEELIZIERVIRETH 72, T2, #WEBRERFE UEMICWS E5 &
OIT, T aAIa=r—rarzidter, 7074 (A—NAF ¥y ) TOIIa=
r—a VRN OWVWTREDT U ir— MEEITo 7.

4. BFFERCR ‘ ‘
(1—1) F9, FERRIIT =2 HH OO S G A A
BB TPHBEOR S & EOREICT 500 0.2

L%, R EERFRZFE OIS L < %

fe%. CHMEEEAE L E A BT g 0
X 2 HFEER TG Lo 2056 O35 1 M
RANT—HZRG L LT, 2k 1 NS 10 -0.6

BRIET1RAA CALS ETRBREE A

Ui, 208 L MBIR A BT 5 12, - i
FEF— 2 OBBTHE L LTI, 4 BREN M1 BB ORE S AMBIREO R
BETHDZ AR (M),

(1—2) &FEBA/RICHL A, KUY, MY " p——
SHLTVS A, ZhENRE LIEs ¥ e R

DEEDERI|T — % OFBURKE D, 4 =mbIRICH D56 OMBERE | -0.650 0. 029

B D FEERSAETIE, REEBEEARI LT SZERARIZ 72 WE A OAHEI RS 0. 139 0. 079

LH%EE, B A I RICT S &, -0.6
BEUTFTOAOHENED b, 23FE K1 _FHIFEOMBMRERO Y L EERZE
DAL L TWRWERIE, BXZE, 20 L5

2B OB RS LRWEIENC S D 2 k%

RLT ().



(1—3) BLEE, 2505 (924 4 OBRD) 25817 L reermmre | 1on .
BRSO Rl D FEns k0 ARG 2 B ads —omoni | 1S 0B
CEREETHE, FEOHEEND, LVERBZIRICLE 158014 -0.859 -0.730
MBRHE B C, 2EERRORE A HETE 5205088 oo | o om 0810
e, D, RERCIIES 5Bk |0,

4530 B oFNFRICEBWT, 15 BREI&LW 30 BROF 33004 | —0.798 0. 760

?~&ﬁﬁ%%w1ﬁ%%§%%ﬁbk&:5 ﬁ%m@t
D ORI A RO AT DOIEE & LTlE, a5
KB E LR TYH, BaELARRHNIE, 30BLUTTH, Z0

WP, peo. 01
*2 DEBERPHDLED

FEIC LY, DFMTAHETX LRSS - L aR L ERREZ R L AHBERE
7= (F2).
(2) WAHB I achr—a L b fTol-BanEF~—3 g %0 | HRE | BRETH
OD*ﬁnE nq:'fﬂﬁ ﬁ{ﬁ 1.5
@2—1) EREOSENMFICLDINFRaAI a=r—a UnWgEE
HAHGEAETIE, HOIBEDOHN, EFX—3 3 12O TIE, TOMS-ST @ | EF 1.5
[ZEE] O ENEEKMES B THELZRY (£F4), ¥, 71— Y 1 125
V/Xhowf%f¢¥ﬁ@ﬂ®ﬁiﬁ BAKES % THREL - (£ i
5). HEHEEM %LT@,W&@%S%H(%ﬁ,ﬁ%,&ﬁ)KE 33 1
W, FRENOEHMEITEM L TW=n, et LoFAEHEICTEDS o
o, Z0oM b A OB T, AEA 5%, I xg  BERTco
FHoboElnok. £, 33a=r—va  FRZOVTOT Y L ogmciisie .
r— ML E, #ERELIL REMICWD EREDaIa=r—rva  Fos40 (A—)L
NIZBWT, FESREANEDOFNLIZIERRIC, T4 0 (A= T v v bpE) %
F v v L) T, MEmEiFteZ En3 o7z (F£3) (KAED tﬂﬂﬁmqj/&
T, AR 0% THEBLRROANST). 0L alidlcs o Mk (k4
VT, BIECERLENHA DI 2= — g U MThh RS, £
F_R— g VBRI ETDREENSH D Z AR L.

HH & —&l S A — g} t il to.05 HIE

(SHEH | LR (S3EHNT A Y IR P<0. 05
T RE -0. 464 -0. 422 -0.123 2. 069 —
ZEE -0. 731 -0. 143 -2.295 2. 069 Bing =
F4  TDMS-ST OIE MK TN t 1 e fs 5
b5 S e
t il to.05
HA (BEEHGE LM | (SZERTA L YIF) P<0. 05
VEFEZNF 1. 594 1. 952 -2. 387 2. 042 HINEE
#£5  AEEDROBPE LD t BERR

(2—2) LA R L2 & OFHBINFER S0 TUVN D MIMOSYS & JIEIZH Y, 2258 L7 IE A E
TEhEEzLNE LDOIEEME] TOREEIT-720, T L TE, SENTRENE X

FHEETHE, SERTREL X0, AERIK TR 7-. 2, EBRFEHEHR S, 1
AAAEING 12 AREIZHT TORIBARE S TR TWKEYTHY, ZOKIBOE(LREH
Wik cirbnsd [LDOREME] 2 FF290RB/KEN-Tb0EEbns. FEE, [UROELD
KEWREHIZ, DLOTEEMEAKE <A LT,

(2—3) #BrE L FEOWHmMaIa=r— a0V TlE, IC La—#—TE LI-5FE
T— X OHTOFERE, AiE (1) CTHEMH UZHEBRE L 0 O WAOHBE S & AT, FiE
EBERFRI T & 7e o7z ZHUE, BB EZEST LR OT 2 EMThbN A, a6, T7hbb,
TEOHE BN E LIk EEXBNS.

%o&% (B LEOARFELIZEEBCEIY DFIETERVOT, IC La—F—nhb5DEET

e mf X, HBERD ERMPOLOEFENT I 2=~ a O ETOAEL

fkw(&%w M HEIET — X OBREHE L Tobr - HE L.
%‘iﬁ%%‘O)é%lé’J@%ﬁ/ﬁ%ﬁ IBWTIE, MHMMOH 5FERR00 &0 I ThRnE &
2L, ZHICEY, HEREE~OaI 2= —a ik LT, SEE iFefEm niEmun g
BBV TIE, AR CTHEE LSS EEICL 2 mMala=r—va VOIEICLY, F
NR—= g RN T =<V ADA LEWETE DRSS D 2R LT,



6 6 1 4

Shinohara, S.; Nakamura, M.; Omiya, Y.; Higuchi, M.; Hagiwara, N.; Mitsuyoshi, S.; Toda, H.; 18

Saito, T.; Tanichi, M.; Yoshino, A.; Tokuno, S.

Depressive Mood Assessment Method Based on Emotion Level Derived from Voice: Comparison of 2021

Voice Features of Individuals with Major Depressive Disorders and Healthy Controls.

Int. J. Environ. Res. Public Health 2021 -
DOl

10.3390/i jerph18105435

Higuchi, M.; Sonota, N.; Nakamura, M.; Miyazaki, K.; Shinohara, S.; Omiya, Y.; Takano, T.; 22

Mitsuyoshi, S.; Tokuno, S.

Performance Evaluation of a Voice-Based Depression Assessment System Considering the Number and 2021

Type of Input Utterances.

Sensors 2022 -
DOl

10.3390/522010067

Shinohara, S., Toda, H., Nakamura, M. et al. 1

Evaluation of emotional arousal level and depression severity using voice-derived sound 2021

pressure change acceleration.

Sci Rep -
DOl

10.1038/s41598-021-92982-7

Higuchi M, Nakamura M, Shinohara S, Omiya Y, Takano T, Mitsuyoshi S, Tokuno S. 4

Effectiveness of a Voice-Based Mental Health Evaluation System for Mobile Devices: Prospective 2020

Study

JMIR Form Res 7

DOl
10.2196/16455




Yasuhiro Omiya, Shuji Shinohara et al. -

An Attempt to Estimate Depressive Status from Voice 2019

Pervasive Computing Paradigms for Mental Health -

DOl
10.1007/978-3-030-25872-6_13

Masakazu Highchi, Shuji Shinohara et al. -

Discrimination of Bipolar Disorders Using Voice 2019

Pervasive Computing Paradigms for Mental Health -

DOl
10.1007/978-3-030-25872-6_16

11 0 6

2022

Omiya y, Takano T, Uraguchi T, Nakamura M, Higuchi M, Shinohara S, Mitsuyoshi S, Ishida M, Kumamoto Y, Tokuno S

A Pilot Study to Distinguish Between Healthy Participant and Patient with Alzheimer’ s Disease and Parkinson’ s Disease
Based on Vocal Analysis

Advances in Alzheimer’ s and Parkinson’ s Therapies (AAT-AD/PD2020) (Virtual),

2020




Takano T, Omiya Y, Nakamura M, Higuchi M, Shinohara S, Mitsuyoshi S, Takemura J, Okazaki T, Tokuno S

Correlation Between Driving Skills, Cognitive Function, and Speech Speed in Elderly Drivers

Advances in Alzheimer’ s and Parkinson’ s Therapies (AAT-AD/PD2020) (Virtual)

2020

Higuchi M, Nakamura M, Takano T, Okazaki T, Takemura J, Omiya Y, Shinohara S, Mitsuyoshi S, Tokuno S

A Study and Evaluation Using Voice to Gauge the Driving Ability of the Elderly

Advances in Alzheimer’ s and Parkinson’ s Therapies (AAT-AD/PD2020) (Virtual)

2020

Yasuhiro Omiya, Shuji Shinohara et al.

An experiment to detect Laryngomalacia using baby’ s crying voice

The 41st International Engineering in Medicine and Biology Conference

2019

Masakazu Highchi, Shuji Shinohara et al.

VOICE-BASED EVALUATION OF STRESS BY BODY IDENTIFICATION

27th International "Stress and Behavior" Neuroscience and Biopsychiatry Conference

2019




Yasuhiro Omiya, Shuji Shinohara et al.

Pilot study of distinguish between dementia with Lewy bodies and healthy subjects using voice

Neuroscience 2019

2019

42

2018
HCG 2018

2018
HCG 2018

2018




HCG 2018

2018

(SHINOHARA SHUJI)

(10325897) (32657)

(KAWAHARA YASUHIRO)

(10422403) (32508)

(KATAGIRI YOSHITADA)

(60462876) (12601)




