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Holl vAl= GFel &l M2 ASH= didsol =ATH (Booker
et al.,, 2018; Portela et al.,, 2015). X HZFAE A oxE st Ao A
= PAFo] FHEHY 9 g9og HuE HE oy, o Ayd
TEAA A EFAVE vt ARG o 2 BEE AAT D vk

& Badtel woj2RAe BAF W uwd BANE 20 FAEY 9
51e]

E

s

=
=

2

2 FH o7l v (Antunes et al.,, 2010; Hulsegge et
al., 2020). Est wrfFFAe] @E £ Ay 2dF T4 TUHER
o] Ve #HEEH = FAo=Z YErgth (Valliéres et al., 2014; Vidya et
al., 2019). wdjZfet= 58 4ol wdFAe] Ag 9 A%e] v
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Shahril et al.,, 2020; Waage et al., 2010), 4
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Al B vF 9t (Booker et al., 2018; Qyane et al.,
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gLt

BMI<]
AT AH7F o} (Saleh et al., 2023; Sener et al., 2022),

2013; Portela et al.,, 2015).
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t} (Huang et al., 2019).
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2) =WAaed 714
WA AFAFY F Rokz, olHE WPow o] BEE
= Ade) Bgow ARG (RAE,

X%, 2016). HAH Y-S A% 8k (supervised learning), WA & &5

ol
o
rir

2
i
10

\
o2

X,
o
ofd
oz
>
N

o

(unsupervised learning), 183 7+3} &5 (reinforcement learning) &

2 EEEY 2Ad ot AAE 7o AFLETH(Kim et al., 2020). A
S5 YA AAaE @A stFAIA olF VNI E AR dE
A st o, nAEEES dH gkl usHE Ak

=
o
Y,
:Jd
il

of flaL Fol 5SS Tl AR TS Aol ZRIE] MEE dHE
of g AxdE AAsks wRlelvh. ey A3k S dEgtel oSy
= A3t glo] Folxl Adddeld s Bl wbegt Ayt mEl RAAS Ao
W gEets ol o]FelAE EF RES wEE dHes -
T et Adgs vEoRE AEE e s AdE AA s A
% S5l d sttt

HAY Y Aol FEE] AEE AYdEs AEHoE 7HE

e AH(EE, 294, 2019). ol 7ol BAE Hels AL we

Aue adHow WAsslel golatvlel, B8 wAH Aol FEa
AER wge B4

Mencar et al., 2020).
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3) XGBoost % »d

HAalydel oy 7I¥ 5 stul XGBoost EH JARA G U
(decision tree) & 7IRFC 2 &t R Hlo]th(Chen & Guestrin, 2016). 9
AU = A S AT o2 rEES U TER ERSIee] @
A s 2FGo® B (classification) T+ o3 (prediction) 3t &
A ol (HE A ], 2010). JAEG U= HOlHE wtE o R oJAbE
AuFE st i e 7IE 4 arFed wet AFEA THAE F

el ke, efel e ol A Ae AAstel AHe] mg
& FHAT. GAAPURE B4 Pl R T2 FHL B =4
97 WEe] e B4 wa 24 H9e 4A oldsn AT 5 Ak
L AAe AATCEIAE 9, 2021). old] dud, Ty ATy 2o

e A8 Fe ARe] AWeAe GG AT AF AEHL 9

t} (Maniruzzaman et al., 2020; Mistikoglu et al., 2015; Pasella et al.,

-

2023). AW AAAYUTE NRA wed DYoo, NEE ARE
I

G u) e o BRE mg e ual Aol Weld 4 gt

AAAG U GAs Bgetr] 98 s 7IHel Argdd. ¢
AE ZIHoldt AREE vE R MR UE dd 2YS vheksiA A
S e Aas Eob #A9 AyE EEdte WAe ettt (Kuncheva
a
[}

et al.,, 2012). & 7IHE A}

TR o] Foy RV wEel dd 4 VNS AEEle Wrg § e
A%E €& 7 vk XGBoost & AE VHME Tl TR A4
o] d¥tgle AT
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T3 E A (Jang et al.,, 2020).
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(CR318031). A+ FHAAREL FA ZZa3o] A&7 o] >l
eeploR A7|naua AEA e dFd e FHdAS AdEl
2

AP SAE ARE oo

e w2
0,
-1

1) ATEATA AK

B AFoAE Ay, A BMI(kg/cm?), 2F AEH (47 HFE; 7]

=, 57, °olE, vE), wdTHF V() S s

2) FHEH

F£dS Hrkelz7l 98l Johns(1991)7F  /HEEd  Epworth
Sleepiness Scale (ESS)E =WlelA Cho w(2011)°] BE &3t AEA =
AFEal T & AEAE F 87HA EF R TAE o, theFd st
AN Fel & 7Fedel drbyt &% Bkt (Johns, 1991). 7} S92
0~33o=® H7tHm Herl =5 o %ol &9 As yedd. 3=

I ESSe Uz d#AdS 739 % YEFSYY(Cho et al, 2011). & A9

A= ESSY 108E 71507 108 olAs =8 AA+, 104 mwre
FUEY I o 2 Y+ ttJohns, 1993).

_24_



ol AAEE Hrrekrl Y8 Krakow 5 (2002)¢]  sEkst
Disturbing Dream and Nightmare Severity Index (DDNSI) & =4 o A
Lee 5 (2021)°] Bt 3tdt A=A & AREsiadtt. & AEA+ &
How FAH o, % 4

&tk (Krakow et al., 2002). 0~374 HEZ, JF7t =

ek ofgwol ¥ Azd& WeEbiTh. =3 DDNSIO| W2 dad2 92
% YEbsth(Lee et al, 2021).

1o

W%, A%

’

Ed= AZ4EE Hrkstr] 9@ Bastien 5(2001)0]  aks
Severity Index(ISDZ =uWo|A Cho £ (2014)°] ¥t43}st =

TAE ARG B A A = T TR o R FAAFH o, &
= ZAbo) A A S 9 7)skt) (Bastien et al., 2001). ZF 292 0~478
2 JrtEy, A7 =255 BEUS A ¥ AES yErdY. S

, 2014).
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5) PTSD (Posttraumatic Stress Disorder) <4t

PTSD 4% #7187 el Weathers S(2013)0] 7Hutsh
Posttraumatic Stress Disorder Checklist for DSM—5(PCL-5) & =]
oA Kim % (2017)¢] et&stst A& A&t & AdEA+= & 20
7HA gdEow FAEHo glew, PTSD T4 AAAE Bristo

7)
(Weathers et al.,, 2013). & S92 0~4do =2 A7EY, AF7F =S¢
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1. F9Yx 4 .4

£ & A A
¥ =
Bed Time (BT) FaEd E e
- = 9]
Light Off (LO) AL
Sleep O(nSSOei)Latency 2 A E )
Sleep Onset (SLO) el & Azt
Number of awakenings | ey ¥ 74 14 TALA R
s | e # o
{8 ] = A O
Wake Time (WT) gl HEASE
Time Out of Bed AApg o A Y2
(TOB) Azt
T =iE=1
Time In Bed (TIB) s aTE TOB-BT

Total Sleep Time
(TST)

% 59 Az

TIB — {SOL+WASO
+(TOB-WT)}

Sleep Efficiency (SE)

T 88

TST/TIB = 100 (%)
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V. a4 27

1 A7 FIRS ATEBASLE 54

AT Folael QBASE 54, JANY @S9 AE

2> AT AT

ozt 86.8%7F FAlollow oF

21-59A, H A5 38.1(£8.NDAYT. FHAow 8.7d(£7.

oS e

o

E 2. A7 #FAAY AFFATH 54 (N=136)

n(%) M (SD)
ATFFAHA B

A= (A 38.1(8.7)
oo}

] 118(86.8)

4 18(13.2)
AL A

NE 85(62.5)

71 7(5.2)

o] & 4(2.9)

nZ 40(29.4)
BMI 24.5(2.6)
W 713 0d) 8.7(7.9)
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A7 AEA

ESS 8.8(3.9)
AT 42(30.9)
A AF 94(69.1)
DDNSI 4.0(6.4)
ISI 17.6(4.6)
798 103(75.7)
Ay 33(24.3)
PCL-5 23.7(17.3)
a9 39(28.7)
A AF T 97(71.3)
PHQ-9 6.9 (4.4)
THEYA
2w RE ) (R 32.9(28.8)
A9 F 44 3+ (@) 1.5(1.0)
olm 3 zFA] A 7F(E) 31.3(28.1)
82.3(10.9)

A 28 (%)
BMI=Body Mass Index; ESS=Epworth Sleepiness Scale; DDNSI=Disturbing
Dream and Nightmare Severity Index; ISI=Insomnia Severity Index;
PCL-5=PTSD Checklist—5; PHQ—-9=Patient Health Questionnaire—9.
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o)) el %3k th(Johns, 1993). EWS YL UASI F5 158 o
el A 1039 (75.7%) ¢ A tH(Cho et al., 2014). PTSD 19T
(PCL-5 A4 33" o] 399 (28.7%) ] A thH(Kim et al.,, 2022). %
Aglel 9 ol E717FHA HHFH R 32.9%(£28.8)0] Al Zlo=
UERETE, ek W § Hit 1.53](£1.0) Zloiwta, 31.3+(+28.1) 7
o] Atk A &S HAZHORE 82.3%(£10.9) Xt

j
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!
st & Aol wEp vekst UleeEx A T|dxE H7bst
(Nedergaard et al.,, 2023; ZAYH, 2023). ¥ AFoAE= &E= 9709 W
7h Bdlo] F]lElom, ArhA 7l xme] F3ol 100%< As e st
71 E7F 10% ©o18d AS o8 HMFsiRt 52 79E ¢ ZoE wd
shdth i Edel 7P 7los Wi £ a8 (Vo 26.1%) oAt

Loz AE(20.6%), ot AZte (DDNSI A5 20.4%), BMI(10.4%)

rir

7F 22 719EE Btk uHA g & A AIZH(WASO; 6.6%), 9H
(5.4%), 2d%F AZA4E(0SI A5 4.6%), dd F 244 35 (NWAK;
3.5%), A€ ZH(2.4%) % 10% v 719EE Btk <I¥ 4>A
E 2F 2doA 10% o149 =2 79 Hel W4EE7 ESS AFE
vt o g s AHHEE F/IE AAEST dlY AHdEelAE TS
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¥ 3. 0% 2A2Y JARAY 2
F&ds EYWF B S.E. OR 95% CI D
o9 -0.028 0.032 0.972 (0.913~1.036)  .380
i) 1.059 0.611 2.883 (0.870~9.553)  .083
AE dH -0.101 0.117 0.904 (0.719~1.137)  .389
N BMI 0.168 0.082 1.182 ™ (1.007~1.388) .040
rHPT oty Azx 0.105 0.035 1.110 ** (1.037~1.189) .003
o BEdZ A4E -0.019 0.051 0.981 (0.888~1.083)  .704
W ¥ 24 AjzF 0.013  0.010 1.013 (0.994~1.033) .170
W ¥ zb4 A4 -0.330 0.238 0.719 (0.451~1.145) .164
S g8 0.018 0.023 1.018 (0.972~1.066)  .452

#*p<.05, *xp<.01
BMI=Body Mass Index.
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A k= Atoltk(Paul et al., 2015).

o5& % REM(rapid eye movement) FHolA YEMYY, 2}&
MAAZ EA3A17]17] vl FAAdgstd ZHgdS doith. od, HAd
% (electroencephalogram; EEG) & &Rlatls W ZAA L7 mobAal A
gt o] Aol A ®rh(Paul et al, 2019; Blaskovich et al, 2020).
ol HAEQ XFo] vropxu Futrt adsts T W AV]A EEol
Hasks ARbARl FH I Rl = Aol ofF o ® Qe fiE E2

9 sl A A5kt

4 2
e 24E 4o7)a, o]x Qg Y B
TFHEHOR oA A HAr. E=F, o FAoAME REM FHA 9]
dEbT} (delta) o S7H7F dEbuE Zox Bud vk gtk (Simor et al.,
2013). HEtI+= U X (sleep intensity) #HAE = ARE
(Howarth et al., 2024), ety =253 FHEHo] 2 Zoz &
214 Stk (Xiromeritis et al., 2011). o]& w]Fo] Ko} ofg FIHEH
o A ez A9 #AAAo]l & 2JAUS & F Utk #HAF] wd
A vl Ak Hle) ofE fHEC] ¢ w2 JoR Hiud v
AT (Bjorvatn et al., 2015). o]+= wLHF =2 Qs dF7] 859 uw
92 FHow Qs AAe E4F¥% REM FHE F7HF dEY
(Ohayon et al.,, 2000), °t&°] = 9 o] F7lst= Aoz R

(Bjorvatn et al., 2015).

r|

B Ao PTSD 2YE 2 28.7%% YEY, 2% a5d o

d FTE AFolA BuH 21.4%° PTSD 9T FASHAITE 25
=2 v &2 YElgt(Cherry et al, 2021). PTSDE %9 F2 9

g QQlo® PTSD A5 oz 3 AFer: 93.5%9 =2 o
fHEo] Bud ®F doh(Hulot et al, 2022). w3, PTSD A= oA
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ABSTRACT

Exploratory Study of Risk Factors for
Daytime Sleepiness in Shift-Working Firefighters:

Using Machine Learning Methods

Ayeong Cho
Department of Psychology
Graduate School of

Sungshin Women’ s University

This study aimed to explore the risk factors for daytime sleepiness
in shift working firefighters using machine learning methods. Through
offline and online surveys, demographic information (age, gender,
body mass index (BMI), marital status, and years of shift work
service), self—report questionnaires (daytime sleepiness, nightmare
severity, insomnia severity, posttraumatic stress disorder (PTSD)

symptoms, and depressive symptoms), and sleep diaries (sleep onset
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latency, number of awakenings, wake after sleep onset, and sleep
efficiency) were collected from 136 shift working firefighters (38.1%+8.7
years, 86.8% male). Forty—two (30.9%) of the study subjects were
at—risk group for daytime sleepiness. Based on the collected
indicators, we created XGBoost classification models to classify the
risk group for daytime sleepiness. The best performing model had an
accuracy of 75.6%, sensitivity of 42.8%, and specificity of 82.3%.
The AUC wvalue was 0.71, indicating moderate accuracy. The main
factors in the classification model were sleep efficiency (26.1%
contribution to model), age (20.6%), nightmare severity (20.4%), and
BMI (10.4%). Multiple logistic regression analysis showed that BMI
(OR = 1.182, p < .05) and nightmare severity (OR = 1.110, p < .01)
had a significant positive effect on the risk group for daytime
sleepiness. This study holds great significance as it identifies risk
factors for daytime sleepiness in shift workers. The study s
limitations and recommendations for further research were discussed,
highlighting the need to manage sleep efficiency and nightmare
symptoms, and customize sleep interventions that consider age and

BMI, to prevent daytime sleepiness in shift workers.

Keyword: shift work, daytime sleepiness, firefighter, machine

learning, classification model
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