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Sleep-Wake Pattern, Social Jetlag, and Daytime Sleepiness among

Rotating Shift Air Traffic Controllers
Jong-Duk Jeon’, Ahrin Kim"

ABSTRACT

This study aimed to investigate the sleep-wake patterns, social jetlag (SJL), and daytime
sleepiness (DS) among air traffic controllers (ATCs) with rotating shifts. A total of 133
shift-rotating ATCs participated by completing self-report questionnaires regarding their
sleep-wake patterns and DS. SJL, indicating the mid-sleep difference between workdays (W)
and free days (F), was calculated for each shift. Night-shift workdays had the shortest sleep
duration (SD) (5.28 hours), whereas free days following day shifts had the longest SD (6.66
hours). SJL for day and night shifts was 2.73 and 2.71 hours, respectively. The average DS score
was 7.92 out of 24, with a 28.6% prevalence of DS. There was a negative correlation between
SD following day shifts and SJL for the day shifts. Given these findings, it is recommended to
implement effective interventions and work schedules to maintain consistent sleep patterns and
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minimize social jetlag to address sleep issues for shift-working ATCs.
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management), FH5JF(air traffic services;
ATS), 3055 E(air traffic flow management;
ATEM)E 536t 532 (ATM: air traffic
management) G5 Al53HcHHasse et al., 2009).
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5t7] flsf Qe wtidFA ZRFEHE E85
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HCosta, 1999). ILHIFZ QIgh ©2 H&-go] B
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3= A IF= =2 FdF5Eo] aE=T, 8A
g5 wo] dojub= ool AAA, SAH &&
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Ak BEAL AT MY AL, ARSHE
20234 119 1259 129 31274 Ag=ieic. @
T Zololl B9 NS B thgel A o] Bl
i) 748 AR AE SIS ey, o)
Aol AR F HBA AYES RS sk &
A 1545 BEA F FUDT 1Y DPAZ A
KA A 712 NG R A9 ol BER
T BB AT, 13359 HEAE R4S
E20| Q7EANE SHS Table 10 A
o RS WA 1228(34.2%)01902, AFTE 207
7H79%(59.4%9) 02 71 wSkek. s A of
Stk 74%8(55.6%), ALdH= vlEe] 97%(72.9%),
A% G SA7E 725641908 7HY B,

Table 1. Demographics statistics (N=133)

Characteristics n %
Male 112 84.2
Gender Female 21 15.8
20~<30 79 59.4

Age

30~<40 40 30.1
(year) >40 14 | 105
<Associate degree 74 55.6
Education Bachelor degree 48 36.1
>Master degree 11 8.3
Marital status Unmarried 97 72.9
Married 36 27.1
Living Alone 72 54.1
With family 46 34.6
arrangement With roommate 15 11.3
Approach control 63 47.4
s | et || g
Ramp control 8 6.0
T ¢ D-N-O 14 10.5
rotatsilgg ;)hifts D-D-N-N-0-O 110 827
D-N-O-0O 9 6.8

Note. D=day shift; N=night shift; O=day-off.

THRAE HIBA 637(47.4%), = A/ A A
6278(46.6%), AFEEA 88(6.0%)°I1Ae. FF-at]
T2 F-FE-oRg-oRt-vH-ud FEj7} 11093
(82.7%) L& HiF-Z& AASFAAL, FZH-oRt-HH 14
8(10.5%), F3t-oFH-H]H-H]H 97g(6.8%)°] ATt

FFAEBANAL] -2 FE R AR ARE
Z4517] 98 Juda et al. (2013)°] 7Eet MCTQ ™"
(The Munich ChronoType Questionnaire for shift
-workers) AEAE Choi et al. (2017)°] gH=tol2
W2t Shtolst Wil FARE Fdll d571RE AwAl
(K-MCTQ™)& 2839t MCTQ™" HEA= 57t
45, Q5 9 offktRof| mE 5 Y(workdays,
W)k F(free days, Fr& F-=oto] $H-ZHd ol
w3k SAo] 7hssitt. ey LU eI
9] &= YRE F-oik-Hdo] ndEl= FHE

]

Aoteh TS, FEE ol
7} o|FoREE, TR T FY FHE FUEF o]
T oRIEE A FHAIZEe g3t

gRfoAl MCTQ M HEAE B3 Z7FeHE &
FA3t Fdof| 1) FAEo| Ex= AlZHgoing to bed;
BT), 2) ¥ 4| AlZHpreparing to fall asleep;
Sprep), 3) W FE7|(sleep latency; SLat), 4) &
H £8 AlZ(sleep end; SE), 5) ¥oji}= 9 A=
AlZHtime to get up; TGU), 6) ¥& S5} W3t A
2t AlZ{(nap onset) ¥ &5 AlZ{nap end), 7) ¥
AR AEA AESHA] Foh=A] ofFe} 11 o] fo
s Aot sttt E3, HESHS EUHE 4
 AJZE Al Z(sleep onset; SO)T AR oA U A
ZHgetting out of bed; GU), X AlZHnap
duration; NapD), 24417t B9t & <HAITH24h
sleep duration; SD24), $7F 9 AlZHmid-sleep;
MS), Ak3ld AlaKsocial jetlag: SJL)E thad} Zo]
AFEFHJuda et al., 2023 Choi et al., 2017).
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A
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SE = Sprep + SLat
GU = SE + TGU
NapD = NapE - NapO
SD24 = SD + NapD
MS = SO + 1/2 x SD
§JL = |MSF - MSW|
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FFUFHAANY FEESE FF5P] 6l
Johns (1991)7F 7H&st Epworth Sleepiness Scale
(ESS)E Cho et al. (2011)0] §H=olz2 HISH SH=rt
PAA FF HZ(KESS)E ARESHATE L/AEofA
£ 5 3= 871 Aol tiste] ZEF EAY FHEo
HE J=E §HoESE o] glrh ZF #32 A5
A ~ ‘o Zo|3%) 9 Likert 48 HE= BHHH
o, 332 A 0-olA 1 24871R] Exd). d
7t 2255 FUEET A2 ARE AvlsiH, &
HZ 71202 104 vvk2 A4, 108 o2 &
5ol U= AnEiKjohns, 2000). &9 A==
Cronbach’s e+ Cho et al. (2011)9] gFoll4] 2=}
.90, BRI 73010, £ dAqollA= 7701tk

S35 A== [BM SPSS 29.0 T2 TS 0|85
of EAslla, FAIZQl A 2 o2t At

A, AL AFEATH B4 9 AFHSE
netslr] 918 71esAE ARSI

A, TFFHE IRYT FY9 -2
9] Z}ol= Friedman testE Aot al, Wilcoxon
signed-rank test (with Bonferroni correction)&
ARgsto] ARSI AR SRR AR
Z A|2k9] zjol= Wilcoxon signed-rank testES A
&sto] A

AR, JA-EASH Edol| W2 ARE AR E 5
7HEH39] independent rtest, one-way ANOVA
testE ARSI AT

A, ZRFEE AR ARE AL $EE
2 Z}°] Pearson’s correlation coefficientE ARE-

FAT.

ol

3.3 DRHEE ST-ZH QAT ALSIE ARt

ARt 7 SEFEHel wE 2R Fd
S-7H4 AL Table 200 AASIALE. B 4
B/ SR 0.36A1%E, FEE o1F 0.354]
OFFEFY 0.33A17F, oRKHER o Fd 0.2941%F
o7 YeRtthx? =29.956, p<.001). Bt FHEARE
ORFEFUo] 5284zt 7 JF &k, FIHER
6.16AI17Y, ORI ol § 6.22417F, R
T FY 6.66A17F <02 YEPYTE o]+ Choi et al
(2017)9] dA7ollA] =t WefRE 7ESARS] o bR
5.69A1ZFE Tt vl WA Zorout, FIRIRY 520/ KR
U= A Vet Ieiu 2 dolA vere wdi

3 1o

Ny

;

)

O e rfo >

b ABIE AR RS A
. REEE A 2.71A7k02 SR efd 2lo]
L Holx] A9kt Choi et al. (2021)2] AFolA I
o 7ESALS] W ARSIA AIRPE 7R 2.90~
3.77A1%Y, ORIER 5.15~7.37A7k02 H1E A
oF Hug o, B A7oA vEhd FFaETAA
FEE A9) AR ARk o 7ESARe fAL
St Eo| o, oIS ARSI AR ATiE o
2 Z2 Aoz FlFdrh 24417 YU A5t A%
e omr|dEks g, giREe] 332 3T 294
Zro] EAste] T aFIAALfAE o2 F oF
7t FAAIT o] WA o= Qi o]#gt B0 <l
3 FhEEe} o 7he] ARl AJREQ] Aol
A G2 ZoF Hth

TRFEHE IFGT FY9] 9 AR A1z S3E
S Az S EE Az digh A7 B )
&2 Fig. 13} Aot &H AF} = A
0:00~0:59 Ato]9] H|&o] 7Fg =k 1Fig. 1-A),
17A1%E 224714 98 FHoke 5 5old Uy
Bz A5 SRRIEch FHEE 0|39 £d AlF A
ZF2 1:00~1:59 Ao]9] Hlgo] 7Hg =9kout, 224]
~42], 9A~15A] & TRFsE Alto] Exatol(Fig.
1-B) 5 & ofERE QKR Tt FHiE
Srio] o]2ojA 1 9IS FRIT = Atk oEE
A}t FAo] 1 Al A2 0:00~0:59 Ate]2] H]
£o] 7Fg &2t 10:00~10:59 Atel9] Hlgo] &+
HAES 2R3l 0A12F 10415 F402 42 e
Vel A2tKFig. 1-C, D). THA] Zaf, offkts
T Qo] $HE FHoke A9t ool HS FHot
= A9E o] B 4 o F-o-HY 259
Bo] Lol o 18] Fof o R ZglhEof
ofZk AlZtoll f=HHo| o]Fold 4= 9111, U¥= offE
5 % 3 ol&AZE E8 o= gto] 4
4 k. mEbA o IRUS] FHEPHE FFusd
AAre] 5 9 ZIRWGo] Egoz Qe yeRd
232 A

7 A A2 FETolE 3:00~3:59 HlE
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Table 2. ATC's sleep parameters assessed by MCTQ®" analysis (N=133)

MCTQ scale

Workdays
on day shift*

Free days
after day shift™

Workdays
on night shift®

Free days
after night shift¢

M

MED

Std.

M

MED

Std.

M

MED

Std.

M

MED

Std.

xX*/Z
»

SPrep, 24h clock (h)

8.48

1.00

10.66

6.96

2.00

8.78

10.30

10.00

8.38

10.17

10.00

8.99

23.385
(<.001)
b{c,d’

SLat (h)

0.36

0.33

0.26

0.35

0.33

0.23

0.33

0.25

0.30

0.29

0.17

0.22

29.956
(<.001)
dda,b’

SO, 24h clock (h)

6.13

1.25

9.36

5.86

2.00

7.81

8.28

9.33

7.62

9.02

9.42

8.58

27.243
(<.001)
bladd’

SE, 24h clock (h)

6.88

6.83

1.74

9.46

9.00

3.12

9.77

9.00

3.99

9.46

9.00

3.66

82.489
(<.001)
adb,c,d’

GU, 24h clock (h)

6.89

6.85

1.74

9.46

9.02

3.12

9.78

9.00

3.98

9.47

9.00

3.66

73.837
(<.001)
alb,c,d’

SD (h)

6.16

6.00

1.31

6.66

7.05

2.56

5.28

5.33

2.70

6.22

6.50

2.65

24.447
(€.001)
cCab,d

NapD (h)

0.20

0.00

0.43

0.41

0.00

0.85

0.57

0.00

1.22

0.34

0.00

0.81

1.191
(755)

SD24 (h)

6.37

6.17

1.33

7.07

7.33

2.61

5.85

5.58

3.20

6.56

6.92

2.82

13.327
(.004)
ah’

MS, 24h clock (h)

3.98

3.75

2.35

6.13

5.25

3.49

7.53

5.58

4.45

6.89

5.00

4.31

69.984
(<.001)
a(b<*c,a<d

M+SD = 2.73+3.54

SJIL (h) Median = 1.55

5.365
(221)

M#SD = 2.71£3.56
Median = 0.75

Note. M=mean, MED=median, Std=standard deviation; ATC=air traffic controllers; Sprep=preparing to fall

asleep: Slat=sleep latency; SO=sleep onset;

SE=sleep end; GU=getting out of bed; SD=sleep duration;

NapD=nap duration; SD24=24h total sleep duration; MS=mid-sleep; SJL=social jetlag.

"After day shifts and before night shifts.

" Wilcoxon Signed-Rank test with Bonferroni correction.

~5:59 Bl&o] 7P¢ E9kal, £ AR AlZkat vt
A2 OANFE 1541714 theFet Alztdiof] Fax=]o] gl
AKFig. 1-F). oRFEFAI FUoE 3:00~3:59
Hlgo] 7FF &AW 11:00~11:597 12:00~
125990 =2 ¥IEE H3al, 0A~18AI7HA] tF
2t AlZFo]l &ojA &= o] UATKFig. 1-G, H). 5
H T8 AR FEREDoE FEE AR A
6:00~6:59, 7:00~=7:59°] thFE FAFE o] o
WFig. 1-D), FEF o1Fol= 10:00~10:59 H]
o] Tha EQHAIT, 241~ 16A17HA] Tkt Alztdo]]
o] AUUTHFig. 1-)). oKEFY 9 otk F o]%

o
=
ol
=
o)

FYol= 6:00~6:59, 7:00~7:597} BE H|go| 7}
A EUANE, 2441700 AA A9l BE AIZH] Hx
o] QIqithFig. 1-K, L).

3.4 WZF SSUSTMALL FUHEES

AFdvIel FEEES FHS ¥ 7.924

(SD=3.979)°14tt. 957(71.4%)2 &4 104 ©uto
2 AAoIA T, 38%(28.6%)2 104 olitos 7t
Z£330] A== A P Aels 50 4
HI F%e w7k 1.927(SD=0.910)°2 714 &9k
3, TARRE B2 gAL glo] 238 F9l Aol $Ao= g
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Fig. 1. Distribution of sleep onset,

H

mid-sleep, and sleep end across 24 hours on workdays and free
days for each shift
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Fig. 1. Distribution of sleep onset, mid-sleep, and sleep end across 24 hours on workdays and free
days for each shift (cont'd)
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Table 3. Descriptive statistics of daytime sleepiness (N=133)
Epworth Sleep Scale, ESS Mean SD Variance | Skewness
1. Sitting and reading 1.03 0.768 0.590 0.661
2. Watching TV 0.89 0.731 0.534 0.639
3. Sitting, inactive in a public place 0.60 0.758 0.575 1.132
4. As a passenger in vehicles for an hour without a break 1.41 0.970 0.940 0.118
5. Lying down to rest in the afternoon when circumstances permit 1.92 0.910 0.828 -0.463
6. Sitting and talking to someone 0.23 0.502 0.252 2.556
7. Sitting quietly after a lunch without alcohol 1.28 0.891 0.793 0.269
8. In a car, while stopped for a few minutes in the traffic 0.56 0.802 0.643 1.426
Total score 7.92 3.979 15.834 0.499
Normal group, n(%) 95 (71.4%)
Excessive daytime sleepiness, n(%) 38 (28.6%)

Table 4. Social jetleg and daytime sleepiness according to the demographics (N=133)

Social jetlag
Daytime sleepiness
Characteristics Day-shift Night-shift
M+SD t or F(p) M+SD t or F(p) M+SD t or F(p)
Male 2.71£3.56 -0.224 2.69%3.50 -0.148 7.84+4.05 -0.521
Gender
Female 2.8943.49 (.824) 2.8243.96 (.873) 8.33+3.62 (.578)
Age <30 2.40+2.86 -1.251 3.21£3.70 1.975 8.01+4.03 0.333
(year) =30 3234433 | (215) | 1.984324 | (050) | 7.78+3.94 | (740)
<Associate degree | 2.61£3.26 -0.473 2.85%3.52 0.512 7.88+4.43 -0.130
Education
>Bachelor degree | 2.90+3.89 (.637) 2.53%3.63 (.610) 7.97+3.37 (.897)
Living Alone 2.32+2.72 -1.423 3.08+3.54 1.325 7.32+3.499 | -1.901
arrangement With others 3.23+4.28 | (158) | 226%3.56 | (187) | 8.62+4.41 (.059)
Unmarried 2.31£2.73 -1.806 3.11+3.67 2.366 7.78+4.14 -0.635
Marital status N
Married 3.89+5.00 | (.078) 1.62+3.04 | (021)* | 8.28%3.55 527
Approach control 2.73+3.58 2.23+3.29 8.11+3.72
Working Local/ground 0.001 1.096 0.213
department control 2.74+3.55 (999) 3.14+3.74 (337) 7.68+4.45 (809)
Ramp control 2.78+3.60 3.11+4.16 8.25+1.58
D-N-O 1.94+2.69 0.437 2.68+4.23 0.007 6.86+5.11 0.553
Type of " h b NN-0-O | 286%3.65 | 2704347 | 804397 |
rotating shifts (.647) (993) (577)
D-N-O-0O 2.49+3.48 2.85+3.97 8.11+1.54
Note. D=day-shift; N=night-shift; O=day-off.
2019; Lee, 2023) ¥ FHESZOZ QI AbARS] 3.6 ZFYHE STHAZE AMSH ARt H F7H
T e 53 22 AAA 2(Park et al., 2021)3% o= 7t AT

L #do] e Aoz HuHin. uhs Jeuesd

AAte] =7lEg=e HalslA oldjsly] elA: aF TERHME FHARE ARIA AR FEEES A
= A, A BAS TBHoT Xakh 5k of 4 2k ABASE Table 59 Zth ot E ol%
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Table 5. Correlation coefficients among

sleep duration, social jetlag and daytime sleepiness (N=133)

r (p
Variables 1. SDWP 2. SDF® 3. SDWN 4. SDFY 5. §JIP 6. §JIN 7. DS
2 .077 (376) 1
3 135 (122) | -.039 (.654) 1
4 .204* (018) | .189* (.029) |.250** (.004) 1
5 .033 (703) | -.516™ (£.001) | -.009 (.919) | -.049 (.579) 1
6 -.010 (908) | .013 (.886) | -.159 (.067) | .207* (.017) | -.015 (.865) 1
7 -.007 (937) | -.117 (181) | -.028 (.748) | -.060 (.493) | .168 (.054) | -.034 (.698) 1

SDW=sleep duration on workdays:

jetlag: DS=daytime sleepiness.
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