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Design and Evaluation of Stress Estimation Method

Using Biometric and Activity Indicators and Health

Status Management System to Improve QOL of the
Elderly”

Kanta Matsumoto

Abstract

The proportion of the elderly population is rapidly increasing worldwide, and the
world is becoming an aging society. Therefore, effective measures for the welfare of
the elderly are required. order to promote the welfare of the elderly, it is necessary to
create an environment in which the elderly themselves understand their daily lives and
can manage their own health conditions, thereby improving their quality of life. To
improve the QOL of the elderly, it is essential to estimate their stress state. The stress
state changes daily and hourly, depending on the action taken, its duration, and the
intensity of the stress. However, most of the existing studies estimate the stress state
using only biometric information and specific activities (e.g., sleeping time, duration
and amount of exercise) as explanatory variables and do not consider all daily life ac-
tivities. Therefore, we aim to understand the daily activities that cause stress and to
create an environment in which the elderly themselves can understand their daily life
at home and manage their own health condition, considering their home life. In this
study, we propose a method to construct a stress estimation model by machine learn-

ing, using the answers to a stress questionnaire taken in the morning and evening as the
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correct answers, biometric information at the time of each household activity, and the
newly proposed indices including the biometric and activity perspectives as features.
The results of the stress estimation method are fed back to the system to promote be-
havioral change. The stress estimation method uses daily activity data obtained by a
daily activity sensing system and heart rate data (biometric information) obtained by a
smartwatch as a data set. For feature extraction, we used RRI and Lorenz plot area as
stress indices that can be calculated from the heart rate data. The health condition man-
agement system is designed to feed back the results of health condition prediction to the
elderly at arbitrary times in their daily lives to promote behavioral change and enable
them to manage their health condition on their own. To realize this requirement, three
functions are implemented in the health condition management system. (1) a function
for predicting stress, (2) a function for inputting the lifestyle activities that have been
or will be implemented and a function for generating features for prediction, and (3)
a function for feeding back the stress predicted in (1). In this study, we developed a
health condition management web application in Flask that promotes behavior change
by implementing these functions. When subjects receive feedback from bad predic-
tions (high stress), the system encourages them to check the group of activities causing
the stress and to change their activy to lower the predicted stress. As an experiment to
evaluate the stress estimation method, we used data from five elderly households for
a period of one month, respectively, to examine the following three methods: baseline
method 1, which uses the RRI variance and Lorenz plot area for 4 hours after waking
and 24 hours before answering the questionnaire as features; baseline method 2, which
adds sleep duration to baseline method 1 as a feature; and baseline method 3, which
uses the Lorenz plot area for each activy and the RRI variance for the 24-hour period
before answering the questionnaire as features. The proposed method was compared
to the baseline method 1, which uses the Lorenz plot area and total time per action,
and the baseline method 2, which adds a new indicator as a feature. The average es-
timation accuracy of the proposed method was 59%, which was better than the 52%

of the baseline method 1 and 55% of the baseline method 2. To evaluate the effective-
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ness of the developed health status management system, an evaluation experiment was
conducted with 12 subjects for 7 days (2 days for the preliminary experiment and 5
days for the actual experiment). In the evaluation experiment, the subjects’ physical
condition and the usability of the application were evaluated on a 5-point Likert scale,
and the subjects’ action time was obtained by an annotation application. As a result,
physical condition improved from an average of 2.08 points to 1.33 points before and
after the use of the proposed system (the lower the value, the better the physical con-
dition). Additionally, bathing time and eating times were 1.48 and 1.52 times longer
before and after the use of the proposed system, respectively. This suggests that the
use of the application may improve physical condition, promote behavioral change,

and that bathing time and eating time are related to health.
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DY) v h— b AT —VOEEE, B, B, &5 5 THRVO 3 BRI FEHE
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[[]47\), random_state=seed D Seed fE% 1~10 DT 1T OO L T I10fHDET
WEREKLUZ., FHILZ10EOET VORI OEHEEZ, RENZETVOH

’https://imbalanced-learn.org/stable/references/generated/imblearn.over\
_sampling.SMOTE.html 7 272 AH:1 H 30 H

Shttps://imbalanced-learn.org/stable/references/generated/imblearn.under\
_sampling.RandomUnderSampler.html 727 A H:1 H 30 H
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6. R

ZOFETIE, EUDIZA MV AHEE TVOFHEFERIZOWTIHRRS, £7, €
FOLVOREEREE % 6] E X2 721217 > 72 W T dH % OverSampler, RandomUnder-
Sampler, Bagging DEAFERIZDOWTHERS. 2D, BEFHEOEHMEZFX
% 72 DIZAT o TR DE W X 2R RBGE, FHEOHEEE ZREET 57200
SAHP IZ & & 3 247 o 7. TEIEAFRTIE, ZUOIT, 7 7Y OflkiscliHic
EDEDEDBREADBNG DI ZFNDE -0, KFHL T 7)) OFHliZ EW7=7
VIT—=RNIEBRITIZOVWTERS, TDE, 7TV EMHTLZZETEDELS
WATEIEBDPMTOND DN EFARNB-DIZ, 77V DO AT LIT7EIRRIIZ & 5 45#r,
FAHFEER & ARFEERT OITEIRFIRFE D 22 % MEES 5 72 DI BT BRI & 2 247
ZiTo 7.

6.1 R L R#EEETILOFFEFER
6.1.1 SMOTE-OverSampler, RandomUnderSampler, Bagging D& A{ER

ETVEEZA LI E5720I17, WHE LRWFEL 4D0T — XU ETT 572
FIEDEF 5 D% LLEEHE L 7z, ALFE7Z: U, OverSampler, UnderSampler, UnderSam-
pler with Bagging, Over&UnderSampler with Bagging ® 4 %D 7 — X JLEE /50
%3#fH L 7-. SMOTE-OverSampler & RandomUnderSampler % ffi/i L 7=. Bagging
i RandomUnderSampler @ random_state ® Seed % 10 [2]22 2. T 10 {EDHERE % 1T
W, TOHEMERETRE L \WVMETRET 5.

612, TN 5 DODANEREFIEITHEM U72EE D Accuracy & Fl-measure
2R3, ¥ (MQ) & (NQ) DERA b L AHEEMZ b U 72 FIREE I,
N1 0.65, 0.65, 0.46, 044, 0.58 72 -o7=.

AWHFETIE, mEE ORFEREZEH TSI L 2HKE LTWS. EFEIRED
BHIZIE, SREOSRREBOEEZFIICHKRT LI PR ETH B0, K
FAARRDOH (Do I R) OMEDRBELZEZ6NS. KR6IZBWT, MHRL &
OverSampler (X EFEE TH 503, DI 7 A (Bad) @ F1{HIZE\. OverSampler,
UnderSampler, Bagging DflAG HE 1, Bad 7 7 22 LT, MOFELIVEH
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W & Fl-measure 2SR & N7z, K6 T, /ERFE 2] DHEROAZRLT
WBD, MOFHIETFETHFRROFERVPBONT WS, £ T, LUNOFEAMLERR
TlE, £ TDOFEIZ SMOTE-OverSampler, RandomUnderSampler, Bagging % f#
HT5%.
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6.1.2 FFHDEWIC K 2MRKREE

REFEEEL A DO TEZ LB U2, ZOFRIIRTISRTEVTH Y,
4 DDTFIETENTN0.52,0.55,0.57,0.59 £\ 5 HEERE (EIXEH (MQ) &’
(NQ) DHAEARNVAT Vr— M2 U THEE) 2ERLEZ. ZOZehs,
REARAF IR BRI (R—=2 T 1 > 2) 12k, HEXPRM LT 5 Z L 2RE
INz. TEIZ  OFREREEE, B XOHEEIETEIRE & Mixed indicator
(FRETIE2) 1F, R=ZATA V1 EHRTHENARELL W LTS,
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£ 8: MQIZHBIF B 4 DDOFHEOHETHEE

R=2AF74 1 R=AF74 2 REFE1 REFK2 T2
Accuracy 0.49 0.53 0.52 0.56 143
Recall
Bad 0.35 0.05 0.15 0.23 21
Neutral 0.38 0.42 0.39 0.42 36
Good 0.66 0.61 0.67 0.70 83
F1-measure
Bad 0.36 0.04 0.16 0.45 21
Neutral 0.34 0.38 0.38 0.44 36
Good 0.66 0.64 0.67 0.69 83

F£9NQIZBT S 4 >DOFEDHEKHE

N=AFA V1 RN=AF7142 REFE] REFK2 T2

Accuracy 0.55 0.57 0.61 0.62 157
Recall

Bad 0.56 0.54 0.53 0.64 55
Neutral 0.42 0.42 0.58 0.32 19
Good 0.57 0.61 0.67 0.69 83
F1-measure

Bad 0.56 0.60 0.38 0.67 55
Neutral 0.32 0.31 0.42 0.28 19
Good 0.61 0.65 0.68 0.68 83

X O ERE R A K 8, R IIRT. 72, RETOFHEICLSH (MQ) &
w (NQ) D& ML AHEEDIRATH 2T ET N 12, 13137, #B%E
FE2 DK 13 TlX, Good DIEMEAEN L, Bad & Neutral O 1Ef#EH BN L
TW5.
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6.1.3 SHAP IC & 29

RAE B HINAERIZ 5 2 282572912, SHAP * O shap.Explainer
AL 7. 14 & X 15 1 REF7L 2 12851 5 shap.Explainer DFERTH 5.
Mixed inidicator (2 B9 2 R, FEEOEW EAL 1062 A> TS (304
) . EEIRIGBEEMEIC L D EETH LI Ao NTE Y, EEITHEIRIZ B

“https://shap.readthedocs.io/en/latest/index.html 77 AH : 1 H 30 H
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PN

Mixed indicator x B
Agoo—L>rvy7ay FMEiE

Mixed indicator x AigoR—L>»v 70y EHE
24BMIcHIF3A—L >y Y 7Oy MER
ERZARROO—L >y 70y MER

Mixed indicator x ¥32oR—L Y70y I EH
RRIDEH

RRIDIZ#ERZE

Mixed indicator x REEREFR]

0.0 05 10 15 20
mean(|SHAP value|) (average impact on model output magnitude)

X 14: §iO7 27— (MQ) @ SHAPfEIZ & 2 E T IVH IO & DR E

o el - ABERE (FHEOEWIE, v 710)
o Tl w5 AR (SHAPfE) Off
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4 16 (XHEEIZ 12 NO#ERHE D [FIE DOEaE, B ReHEzEE T\ 5.
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6.1.1 fiTlX, ADASYN XD T v 74> 7)) v I FETIIEEICKRERE
fERR o rotztzd, 7Ty T 7)) > 7IZiE SMOTE % {#f L, Optuna IZ
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