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An exploratory study on the relationship between stress-related biomarker characteristics
and psychological scales of daycare teachers using fitness trackers
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ABSTRACT

Objective: This study aims to explore ways to empirically analyze and manage
childcare teachers’ job stress based on their relationship with stress-related
physiological indicators measured by a fitness tracker.

Methods: The study participants were 27 childcare teachers in Gyeonggi-do and wore
Garmin’s wearable fitness tracker Vivosmart 4 for 15 days for three months. The
collected information was analyzed for mean, SD, ANOVA, and correlation using
JAMOVI 2.00.

Results: First, among the daily changes of physiological indicators measured by
a fitness tracker, the data collected on Mondays were significant. On Mondays,
the stress index was high, the duration of the rest period was short, and the sleep
time was short. The stress of childcare teachers showed a significant negative
relationship with the body battery which was calculated by considering the duration
of the rest period, heart rate variability, stress, and activity level. Also, the duration
of deep sleep was positively correlated with a low degree of stress. There was
a significant relationship between the childcare teachers’ psychological indicators
and the biomarkers measured by fitness trackers.

Conclusion/Implications: Stress research using a fitness tracker is big data, and
in-depth analysis is possible. Fitness trackers can collect and utilize repeated meas-
urement data for each individual childcare teacher.

| key words childcare teacher, job stress, sleep, fitness tracker, physiological model
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3. AFERt

29 F8E Atste] v A o2 AFE Pt WA FAREAA AT 5H
o S S5 AYstdon, AT T E dokA FE AF AAEA T E B3I T
AeS AW JEYU 2. EAE AT FoARd A $HCR Byju AX 2 28 s
W d 2 s gt olo we Foxte A M EYA EfA AEHE e JEY
2 EYALY &5 W9 S 7S5 F= Zukd o] 2] o] A(Garmin Connect)s £A] 3 AWlEZE
of At JEYx EYARZ SHI 2EY s 59 on|E B &3] ola)str] fl8lA
= A7 HEESH S st Blo] FaEit T dojE s V7 E €83 AAAE S Al
] Apple Watch 3, Fitbit charge 2& 5¥%t 2§33t A7E &8&37 Lt(Nelson & Allen, 2019),

Garmin®] Vivosmart 4 S 253t 2-&3}o] (Hehlmann et al,, 2021) 4@ Aut4y g ~Ef 2 A5

2 AT &£ g Aow YJElt) oo wa B AR = ‘?l’ 1791 SH Eohe v S o]

Eldsltta Basle WY AR F2 Fo= 33 =H e ghe

2020 7€ HE 997X el 2A vig 2 dFUA, e

1597 JEUY~ EAS 28590 13 =32 20204 79

o 3YRE 7R, 33 S & 8% 314 5E 9¢ 40177}X1 {‘Ji
Z]

A7 W5 g7z A3

ofN 1 oo of

>
>
o
=
e
-
ofo
tlo

ol
ol

4 A0S G2 S 2% 9114

X
T o kU kU (>

el BN Aol E LAAL *oh B 29 Bl A ARG YA L] A 2 7
EYs EdAR 248 YAAE 2 BAL Ao ugh
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ZELA EolriE 288 BRWALY AEwA B MARE SN ZHD dalAzete] 2ol thet AN o7
s g A
1. ERWAIY| AT AEYA AF, 2ot Ak

1) ESuAtlel 282 AERA SE A
HEmate] A5 2B 2E 793 o9 134, F 23] SHT dae & 29 2o P T
HEwAES 99 @2.13%)dl vl 7924750 47 HAFstE =4 A4 A THF=8.61, df=1
p<.0l). Tt2 aRloXE 797 9go SR e Fog Aozt glATh 787 9ol m&@‘,
M€ 2AE Fau vHE S el AT 2Ef 20 59 99 T AT FESel A 7€
o WARZF A Zbgk A F ~Ed s FFEo] 999 AR T =it
F 2. HEuAlY| TR AE A
2o IEtnto| | AT TS| =290 2| EEmoto| T eS|
. 78 ogl 7¢ ogl 78 9gl 7¢ 9¢ 7€ 9¥ HF
M 1.74 1.83 247 213 226 245 296 297 221 2.16 2.19
SD 046 052 073 066 080 0.83 090 0.79 051 0.49 0.49
A4zt 100 100 125 100 1.00 120 133 133 1.30 1.22 1.26
ACizt 2,91 3.18 3.88 3.25 4.40 4.40 467 500 3.04 3.22 3.13
2) BEgmAtel X SE FE
BEwAbe] &%E 797 9ol 1384, F 23] S A 1237 2k §kY] IE S AvE
A AE 33 29, Yas 13 F9d, AGAte 33 S o] & B3 BH o] 4
Fol A3 HEuwAlELS $3 79 &7 dHoln Yihe FHEG 2o, APl
S oAU S & F Y F EEuwAlE dutd oz A3 A ez 2% Folg B 4
AATH € 27 AFE 793 2|7t St > .05).
T 3. 2#SmAle AF
&7 s | xpAIZt a7 &3
T2
72 9gl 7¢ o 78 9gl 79 9¢ ®F
M 3.26 3.07 1.86 1.98 3.68 368 217 212 2.15
SD 0.95 0.90 0.88 0.71 0.82 0.64 0.89 0.75 0.82
= At 1.40 1.20 1.00 1.00 2.17 267 152 1.62 1.57
=7k 5.00 4.80 4.50 3.25 5.00 5.00 5.00 5.00 5.00
3) E|uAle| 2t SE FE
BEwAE 22U §3 3 At A 43 Bl 55 793 99 47 ey 14



ro
H
Ho
J:Io
rTo
10k
fol

t5|X] M18E M6=

of 37 o] dEo] FetEo] 24 o] RS EA o AMEATH B&wAte] EF FES 13 53
89S wel 53 Al 1963 (SD = 0.76), 23tell SA S wWoll 2.14%(SD = 0.90)°] ATk,
A7l B BEwAZE A Zbek 220 B Bl 5 F3F olatdith e € A de e
Frelgh zpolzk AU TH(p > .05).

1278 58 27H9E &£H) e
S N = 24 N = 27 g
M(SD) M(SD) M(SD)
=¢t 1.96(0.76) 2.14(0.90) 2.05(0.83)
ol el NEe Fal 2w Aol FAd wgnAEe] A7 sEd s 27, B 2]
FOoE 3T B HIUW Wt YoM, F oldhe] 2B, 2413 B $FS v
@ % g,

1) E|UALe] AERA X5

159 zte] Y Bt AR 2E# 2 A5 P 29708 (SD = 5.01)°1 A H A
20134, HhgtE 3873 o ATt FodA 2798 9] 15U REH S A4 Hte] REE AAAH L
2 Yehild 19 59 2k

45
40 L]
35 . ° . * .
. b . °
30 .. - . b . - ..o i
25 .
2 . . . . .
15
10
5
0
a2l 5. BEFuALe| AEA X HHEe| BX (V= 27)
HEwAle] 2EY A A4S 9ddlz Ay Hy 98 333073 (SD = 10.07, Range: 20.0 - 42.0),

3} 8 Y 29.90% (SD=9.22, Range: 14.0 - 44.33), 5~ 2. Y 28.8%(SD= 6.99, Range: 16.0 - 42.0), 58 Y
28.10% (SD = 5.97, Range: 18.0 - 39.33), & 24 29.4%(SD = 7.46, Range: 18.0 - 48.0)°| 3t} 2.dqj
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TEUA E8lriE 228 BRUAS Asea B MAXE SM e} Az|dEele] mof thet SIS o7

i

02 B8 wAle] AEY A RS 593 ol st AU THF= 340, df=4, p<.05). AT 52 (Tukey)
Ay gedo] £2U(r=-395 p<.10)3 E2U(r=-4.69, p< .05°] Bl&] FolstA ~EH~
Ae7b w9tk Bkl x5, Az, QY2 5o AR 37 FEE adH S o

ol 7b 9lth. ol Ate]l AW E AlZ4H o Jehd ad 63 Zuh

E b 29 AEA X|o| HE (N =27)
o HRUALS @ad AERA X2 B
e M(SD) Range
& (n=83) 33.30(10.07) 20.00-42.00
5t (n = 88) 29.90( 9.92) 14.00-44.33 .
T (n=90) 29.40(10.45) 16.00-42.00 F; )2;’,33(%4)
= (n=92) 28.60(8.45) 18.00-39.33
= (n=88) 29.80(10.02) 18.00-48.00
o 29.70( 5.01) 20.13- 38.73

50

45 4
35 1
30 4
25

20

15 -

O3 6. IEUA EE EHE HRUAY QU AEA HF

e L e e o R
¥ 63 2o} WA F2 S AuEd 99 647 178(SD= 1417t 415, Range: 2417 365
Z 1

& J =]
- OAZE 4, 38 TAITE 358(SD= 2217 128, Range: 2A17F 38 - 12A17F 16%), 8.4 8AI7H
0%-(SD = 2A17J 5%}, Range: 2417k 448 - 11A]3F 358), 52 8A1F 138(SD = 1A 3t 474, Range
14%-(SD = 1A] 7 555, Range: 34| 3F 11%:'4 - 11417 318)

2}

Aol W2 7 F F2 7] AH A Fol gk 2ol 7} AU
D}(F 6.81, df=4, p< 001). APZ R (Tukey) A2 Dodo] 2 (r=-3.17, p<.05), FLA(¢
=417, p< .001), H8A(r=-4.68, p<.001) W} F24 ko] A& Algbe] k.
L9 Vet tgF 2ok WA Be £Fo

2EY 2 FFE0 mE AHAS ~EY
20l AEAZHS AuRd 9ad 247 6%(SD = 345, Range: 143t 0% - 347 8%, 3led
2417t 1332(8D = 483, Range: 51+ - 3A13t 41F), 8.9 2A13F 72(SD = 46, Range: 483 - 34| 7t



ret

TESX| USSR H18H M6ZE

17%), 59 2217 78(SD = 445, Range: 1A]3F 0% -4A]3F 1
Range: 361 - 34t 63)°] U Th 31 T W 5o AEY A A& AFE 8 H {23 Ao
7F LA T (F =443, df=4, p< .001). AFZE2 (Tukey) 23} 2L H]3] €2 (r=2.94, p<.05),
5 2 A(r=3.80, p< .01), FLLY(r=3.10, p<.05), =L U(r=3.14, p< .05 &+
Te] A& Alzto] At & Y T 3oYe] thE 8dd vla] FdiH e
& AlZro] A YEEth O o R 8T F 3 7 2Ed 29 A& At AuEd
8. 2A17F 243(SD = 58+, Range: 44% - 4A12F 20%), 3t 241 7F 28-(SD = 51%, Range: 18
- 3A1ZF 358, 8. 2A| TH(SD = 143t 2%, Range: 184 - 4A|3F 274), 58 2A17F 78(SD
55%, Range: 33 - 3413t 398), 8¢ 1A 7 59%-(8D = 55, Range: 124 - 443t 283)0]
3 89 Fpole o5k ZShth F T L T 2EH 2 A& AIE ATEA 49
59%(8SD = 1A]3F 0%, Range: 8% - 2A|3F 18), 312 Y 558(SD = 1At 118, Range = 047t 1%
- 3A17F 128), £ 2Y 48E(SD = 545, Range: 0417t 3% - 243t 36%), 58U 478(SD = 1A 3
0%, Range: 0A]TF 4% - 2417 558), & 2Y 598(SD =047t 15, Range: 0A]ZF 18 - 34 7F 485

ol 24 Aol= FolshA &%k

R

ML ml

E 6. 5IF T AEZA F7HHE X|SA|IZH

£ 2 3t + B Z BE
M(SD) 6h17m 7h3bm 8h0Om 8h13m 7h14m 7h28m
(Th41m)  (2h12m)  (2h06m)  (1h47m)  (1hbbm)  (1h24m)

T4 2h36m 2h03m 2h44m 4h34m 3h11Tm
T2t Range - - - - -
9h04m 12h16m 11h3b5m 11h54m 11h3Tm

F(df) 6.81(4)"" (& ( 8L,+.F

M(SD) 2h06m 2h13m 2h7m 2h7m Th41m 2h0b5m
e (0h34m)  (0h48m)  (Oh46m)  (0h44m)  (0h42m)  (0h33m)
TE ThOm Ohb51m 0h48m ThOm 0h36m
ZE  Range - - - - -

A 3h8m 3h41m 3h17m 4h11m 3h6m

F(df) 2,944 (&, &, = F) )

M(SD) 2h24m 2h02m 2h0m 2h7m Th59m 2h6ém
=7} (0h68m)  (0h5Tm)  (1h2m)  (Oh55m)  (0h55m)  (0h44m)
& 0h44m Oh18m Oh18m 0h33m 0h12m
£~E  Range - - - - -
2i|lA 4h20m 3h35m 4h27m 3h39m 4h28m

F(df) 1.81(4)

M(SD) 0h59m Ohbbm 0h48m 0h47m 0h59m 0hb2m
o (ThOm) (1h11m)  (0Oh54m) (ThOm) (Th19m)  (0h38m)
= 0h8m Oh1m Oh3m 0h4m Oh1m
ZE  Range - - - - -

A 2hTm 3h12m 2h36m 2hbbm 3h48m

F(df) 0.74(4)
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2) EnIAte| diC|HiE{Z]

TJEYx EYAR AEE BSuAbe] viduig el & edd 2 Av R vidujg el o] P
22 30.98(8D=11.7), 3t2¥ 37.11(SD = 17.39), =LY 39.05(SD = 15.47), =2 Y 36.54(SD =
13.30), 8¢ 32.03(SD=15.35)°]Qt}h. 2.4E vioule gl e 31F FHFL Fol g xpo] S BT}
(F=2.67, p<.05). AF5-3A (Tukey) 23 € 2YS Fod it viofujele] a7 FHdo] Z48H
k(= -2.59, p<.10). U E B9 FAHFLS LAY 47.71(SD = 26.47), 3t2 Y 56.91(SD =
22.49), 2. 54.12(SD=25.05), &2 56.70(SD=20.01), LY 53.82(SD=19.47)°] At} 2L
w2 viouig e SHFS Fo g zbolzb fldth vitulE g o] WA TS €8 U 6091(SD =
18.95), 3t 2 Y 55.89(SD=122.99), 24 56.78(SD=21.14), =2 61.11(SD=17.29), 2L 61.26
(8D =20.51)°|th 8o W& vigulg g WA /o3 2ol fideh FAAQA W&
3F 79 Zon, EgmAate] 2E, Ax, AU EF5] AHE 357 £3E a9 S4 S A
o] 7} 3l

I 7. Hif] HiE{2| QY dH|w
e SHE G =X Eig|
= M(SD) F(df) M(SD) F(df) M(SD) F(df)
2l 30.98 47.71 60.91
(n = 84) (11.70) (26.47) (18.95)
3} 37.11 56.91 55.89
(n = 88) (17.39) ) 67 (22.49) (22.99)
% 39.05 e 54.12 1.39 56.78 1.38
(n=289  (s4n W7 (25.05) (4) (21.14) (4)
= 36.54 BT 56.70 61.11
(n = 92) (13.30) (20.01) (17.29)
= 32.03 53.82 61.26
(n = 89) (15.35) (19.47) (20.51)
= 34.43 54.38 59.20
= (20.41) (22.49) (20.29)
3) ERuAle| =1 EM
HEwAle] 1 5AS A0 E A3 83 2l WA & FAAzte A4 Hde 743
9B (SD = 1717t 445 )0l ek F FHANE e dd® Ao Ed ded 6A)7F 8E(SD= 1417} 13
), 32 TAZF 208(SD = 1A 418), 28U TA T 158(SD = 1A %) 498), 2o 7A7F 29
T(SD = 1A3F 433), B8d TAIZE 192(SD = 1A 3F 490l At & A2 2 Apo) 7}
frol gl oM (F=12.14, df=4, p< .001) AFF 52 (Tukey) 23 € 2Uo] t}E 2dHT} F FH A

Zrol frolshAl &kt

FH GAE 540 mE add
L A2 128(SD = 1A 13)o| Ut 2 e &@A 5
2E(SD=42%), 3tad 1A)3F 148(SD = 1A 3F



rok

2| Asts(x| H187 H6E

= A AZRe] A T 4AZE 498(SD = 14]3F 27 )0l AT &

IAIZE 8E(SD = 49%)0] Tt & 41 A|7HS add g ngm -g g el m{} 65-(SD = 475),

3o 555 (SD = 40%), F24 1A RE(SD =52%), 524 1A3F 188(SD = 51%), #a¢

1A 3 82 (SD =49 )01 em ad o] 7} o YTH(F=12.66, df=4, p< .05). A4 (Tukey)

A3 dado] Zadu & £H AIgto] fFoatA &t W F 20 AIZFe] AA HEe 8F

(SD = 18E)0) Ut} 74 A7+ oAz Aued 4o 728D =9%), 32U 88 (SD=13%),
_9_1

ToY 10F(SD = 13%), H2Y 8F(SD=10%), &Y 9F(SD = 34)010en a4 Aol&

¢

i
HJE

. 2l 3} ES = = _

T (n= 68) (n=83) (n=83) (n=86) (n= 82) S
= jsp) Bhosm 7h20m 7h15m 7h29m 7h19m 7h09m
_,;4 (1h13m)  (1h41m)  (1h49m)  (1h43m)  (1h49m)  (1h44m)
AZHF(df) o7 lf(f)i o
zle visp) 1h02m Th14m 1h06m 1Th07m 1h28m 1h12m
= 1l (0h42m)  (1h04m)  (0h56m)  (0h49m)  (1h23m) (1h1m)
Z=0
Il,z F(df) 1.78(4)

@2 op) 3D4Im 4h42m 4h37m 4h47m 4h48m 4h49m
cHA| (1h18m)  (1h25m)  (1h24m) (1h26m)  (1h28m)  (1h27m)
T _7.90(4)"

s apsp) OhSBm 1h06m 1h13m 1h18m 1h08m 1h08m
oy (0h40m)  (0h47m)  (0h52m)  (OhB1Tm)  (0h49m)  (0h49m)
AlE Fldr) 2'%6 6<(45)

0h07m 0h08m Oh10m 0h08m 0h09m 0h08m

A7|L:P MSD) (0h09m)  (0h13m)  (0h13m)  (0h10m)  (Oh34m)  (Oh18m)
& Far) 0.82(4)

4) E|mAte] LY E%
HEgwAte] edd dd Pt HasE €8 10,7435.(SD = 3,1921., Range = 5,0055. - 17,328
By, 3129 10,6275.(SD = 3,3145, Range = 5,530 - 19,2045), =24 10,381H(SD = 2,985 1.,
Range = 4,693 - 16,2911), =2 Y 10,929K%.(SD = 3,170%., Range = 7,462K. - 20,147H.), Y

o‘:l als
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AATHp > .05). ol¢k o] HamAte] add Kol & &

A A B ogdd ~EY A §93 Aol sEZete] dEHy &9 = ML uf

Aol 7k obd = AlARIT AL & & Sle Atolth TA A< - <l
=7

= W
g, dzh, AP IR AR 373 FiE a9l S gl 2ozt gl

By e S

¥ 9. UYL oy Hin
2 M(SD) F(df)
2(n = 85) 10,743(3,192)
3l(n = 86) 10,627(3,314)
#*(n = 88) 10,381(2,985) 0.38(4)
2(p = 91) 10,929(3,170)
Z(n = 88) 10,498(2,769)
H 10,636(3,086)
3. ERWAIR| AEYA T AlZ|X|ZERL MAH|X|ZES| AFZFEHA|

Y
1):,
r o)
o
iv
o
9
O
El
>
o
B
)
H
ry
0L
P‘l
2
o
o

E 10. E|uAre| AERA T AE|X|FEeL MHX|FS| HutetA

1 2 3 4 5 6
1. 2AEA: HA -
2. dic{uie{2]|: @ -.88%** -
3. ARAERA .29 -.38" -
4 =¢t .25 -.14 .32 -
5. &F: A .29 -.24 437 48" -
6. &7 27 .03 -.15 .48™ .25 .28 -
7. AF: AR .08 -.13 -.09 -.15 -.B61*** =17
*p< .05 "**p< .001.
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TESX| USSR H18H M6ZE

ro

4. DEUA EefZ 58t AEHA K|, HICIHEZ], M 54, 29 H3l50| AR

JEU2 EYAR A AR T AFZHQ BAS AR fste] ~EY 2 A, vy
e ], £ 54 2 dd 2o ARAAE BA Ay 13 2o /o3 das 5
Aoz AmEY gy 2l 1A 2Ed o HiE A5 F2 7Y AHATHr=-58, p<
001) 2 vlolulEle] HF HA5(r=-88, p<.00)SF 2 ARS B 7 F£F ~EH X

A &A1 ZHr =71, p<.001), ¥ FF] 2EH 2 AEAZL (r=.73, p< 00T F A FHS 23
o FA T3k ASAZE wiH el e G = .62, p< 00D FA FAE, AL BIYF(r=
-50, p< .0}t F-A F@E Hoh B FFo 2By 2o AFANL 3 FE 2EH
R &AZHr=59, p< 0D} FZA AHES, 2 GdA FH A =-42, p< 053 32 F4HS
Bt S 59 2EY 29 A&HA < 7 2EY 2 A& AN =58, p
A dde Ba vuieeiE e i A -81, p< .001)9E B4 AAS Btk & £F
o] 2E# 29 A FAZEE vl 2] FiHget B4 FH(r=-75, p< 00)F itk F 0
A7 Fe Fm A ZHr=.75, p<.001), Z(r= 38, p<.053 FZA FFS ZATh 2 FH
| W AIZNr = -48, p< 05)7 A FHE BT

w

filo
fo W

>

KR
T
e =

_\.4—4

2=~

/-\

T

E 11. ZEYA EcfAZ FHE AER A, viC|HiE2|, £H §M I Halipo| At
1 2 3 4 5 6 7 8 9 10 1M
AER A A -
2. AER|A FA -5
3. AERA g 34 -.16 -
4. AERAD BZF 717 -29 59** -
5. AERA: =2 73"**-26 -.06 .bg** -
6. HICIHHE{2|: HF-.88%** 62***-.38 -.81***- 75***
7. =M £ AlZb -.30 30 -29 -07 -.03 .09 -
8. #H: Zle £M - 31 -.18 -.42* -37 -.18 .16 .28 -
9. =4 &2 £ - 05 34 -.08 -.01 12 .02 5% =10 -
10. +H: & +H -.06 .22 .06 .28 .00 -.05 .34 -.48* .05 -
11. F=H: A -.05 06 -.14 02 -.01 .04 .38 .19 .20 .10 ~
12. L Haljs 05 -5B0* 24 12 -17 -156 -34 -05 -37 .02 -.21

*p< .05 *p< .01, ***p<.001.
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