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Analysis of Occupants’ Bio-Signal According to Indoor Lighting
Environments and Development of the Productivity Forecasting
Model in the Smart Office
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ABSTRACT

Recently, the need to make a personalized environment using personal bio-signal data from various smart
devices has been increasing. To acheive optimal productivity and energy-saving for indoor environments, we
conducted a human experiment and analyzed their bio-signal. Based on the results, we proposed machine
learning based productivity prediction model. We experimented at Arizona State University to obtain bio-signal
at each indoor lighting condition. Among bio-signals, the pupil size and heart rate are selected. We show that
pupil size and heart rate highly correlate with indoor lighting environments. Also, pupil size and heart rate
correlate with productivity. Based on these results, we propose a decision tree-based productivity prediction
model using pupil size and heart rate. The proposed model almost correctly predicts each person’s productivity

level.

s o] Avhe ARG S EAMe Ao AT AR A8lE o} e QAT (No. 2020RIFIAI075137).
¢ First Author: Dept. of Electrical Engineering, Soongsil University, Korea, taegeun1520@ gmail.com, SH3]¢]

°  Corresponding Author : Dept. of Electrical Engineering, Soongsil University, Korea, sgyoon@ssu.ac.kr, %413]¢
*  Architecture, The Design School (TDS), Arizona State University (ASU), AZ, USA, dyeoml@asu.edu

** Dept. of Electrical Engineering, Soongsil University, Korea, seheon0223 @naver.com

E=ArHE 1 202207-132-C-RN, Received July 11, 2022; Revised August 24, 2022; Accepted September 1, 2022

1867



The Journal of Korean Institute of Communications and Information Sciences '22-11 Vol.47 No.11

I.M 2

il T w2 Abato] 3172 oF 87%2 Alke Al
Wellx] amlghet. ool mef, 2 Av) 3 iAol
g Alsee] 8771 Zl*ﬁﬂ*i S7k8kaL Slek. 4dst
A FAE A e AAaEe] kgt oéc',\
Aol Bdell =g F 5 lvke At o Al
et met H2 ZRu ez e Qs 7]l
APPSR G A e A1 e
£ AkSo] Z71siela, Al o) Fellw dxje] Afe)
25 P sk BAE el glek ofel w
2}, shlale] ekgat el 2 2He) Ay
51—73 g TAsR= o] Zsiuly 9jc)

el mE A7 A3k o)

fr -[n
o>
~
o,
2

J
I
d
0
2
o,
2
i
2

<1 A5, v ol Qus 53
el Aol ol A e® Frsidnl,
Tt 71e] ksl iAol 2 gt
7 2% 9% ATE F2 AR AEEAE )
nko 2 A, Alele] B mesh) ke o
el A B2 sletshs Wgto R e
o} o= <lall, AL F oF 66%7F AiZE ol wH:

s}A] el Aom Falw el
ol#3l A& Hekshr] 95k 2o w <+ ol
FAS 4 B 7Ie] A 2nkEg)A ek Al 23]

I

o] dlelel& AfafFom x| Alad 24l 2
S50} 2nfELs| s o] A8 5 9l

T o] BEaL gle oy avkE 72}7] =
3 7i7Hsle] AASA dHlole & ARSEE slgAls 71t
AEAle] 71l Bt A7} b 2= glek
3 AT T2 2 i ARl se} AR}
o] B BAE U, 2Rl ukE A
wo} Aadate] S M AR s

oft

Az} ZH*‘XM QAR WA A7 )

7Nele] 71 FE=rIet Al ARA 2T
2 o] 3lel] M2 So=7] Msd ?113] Rt
s ‘%‘ Ieof| whE 5*27154 Aed WAL AT
1 5 ksl =L 9l lﬂib} el =7
77 AE Ae *Exﬂ*lz Sg=7|w wes}
aL dAnlEe] 5492 lﬁ%dﬂ Fskar, sk
A =

e
dahe] AR 2Alsislel

2 QAo ole] 2ok A2 SHE Yol
HE 28310 o] JrA L GUAES T

g AW S A8 7] dsken, 23k
ol W AAFES] EEmle) ANE Sgel 4
TAE A kR GRS A sy
(Operation Span, OSPAN) HI~EE 3] A3l
QAN ESe] ABPAZ T o] Falo] 2
Agelie Az} Aol frefvlgh ‘Jiﬂri‘}

A7E She& BofFslet =3 4= vlole S
o] @] Z#|2~E(Random Forest) 7|49k 374 E*&*é o
SRS /el slHes AR s F8
EE shalalith
o] F 2%ellM= A3 Hloly HASIS Ardst
32 35 dlolel o] AR E A 24T
- 47} 5l A= AR AE 7]Rke] ] AR
dlSid U e EAsk, 28 Y B8 6%
o 7]sdhe Zlo® B 2 vk

ml
2

n

I. &3 & HOlE S

& Aol AW gl wE AAAS WS}
5 7HECE A SRS sl $18 of
oz} st ol 34 2498 oite R AP
Z133IAtHIRB STUDY: 00014074).
AP 27l ® A Zrigh o] Wislel mE Al
3 W3lE 1] 93] AWREE 22TE w43}
L AFE Assiginh AW 23 2708 kel
AR 317 (4501ux) & i sled We] =X (lux) S 3%t
Al(150lux, 450lux, 800lux), A% -2 (Correlated
color tempera-ture, CCT)+ 1%HA|(5200K) = A3}
gk A3 ARk & 7R AY 276 2E R =
= AAEI L, A Al 7], A, 55A, deleh 2
A7iApe] 7]RmA el AANHRE AR 2Adsla) Al
Al s527], ARvtsE #ASsha, AR
715 913 OSPAN H|~EZ Z18)s}gict,
& AgelA A= A7 ¥el]l Empaticarte]
E4 WristbandW & AH83le] S48t 5a=7)e
o #ele] 547171 obd vlbar) el S 7](Tobii

g r[o J

|



R AT E P L PR

=
—

AF] EyeTracker 4CMhE ®UE] 9]x]ol] o] ALE-5)
ofek, Aol A4 Sule] A} Ajake 23] 1
3} % 10 =4Sk
A kel AHSEl OSPAN HIZ~Ex= 7l
‘:iﬁ%"%ﬂr M R M i - Eatbg i fa o
63} 7& QRHEAL AXE 7, Ak
2ale] 5ol g el dek i)
1—? & 7lle) aksidle] kgl of 127 54
5]_04 ;<l—7};<},« o] ol—_q_u!]_o. 7]0—1—5—Ho]; %]—1;]. o]a{-&]. o

rii‘

1:1

r‘_u..

+6,

01 m

(e}

il

n:KL_—‘.’&

AREA & Al Ao A o] 13]¢dlA] 63|7HA] F- 7 3. AA| AgAbRl Tobii EyeTracker 4C(H7HA Wx),
Aoz 2180 T Ay el olublo E4 Wristband(354 %)
o2 AR F A7l SR deblS A Fig. 3. Experiment picturs example. Tobii EyeTracker
2 9] allof gt Frixfuic) iAo} °3.‘—’T% A1k 4C(Red box), E4 Wristband(Green box)
A AL AN bR, & Al At _ _
o)A AlslE ) o]% 2% OSPAN A= A A A T Aes 2 IR 1008 7 oR ik
So] Ausisich
A A e 3 e 7 AY 2
of 4 Sel wpgsto] Askale) 1) 29} 1
3-8 27 AR =R AlA] AER1E ARRle|c)
. EHH0E A
] . =5 EH x| BAM
a2 1. AY =4%E. B4 Wristhand(3F),  Tobii 3.1 ZFHolH Al £ =4

A5 ZAdlole|e] EAoll= dlolg] 7t A Zts}
2 EA|Z 2 721¢] Minitab®} Microsoft Excel 2~ZE
izt /‘]'9“5]‘”‘4 Ao ulE 23 Al

Eyetracker 4C(-%3)

Fig. 1. Experiment mesurment device. E4 Wristband (left),
Tobii Eyetracker 4C (right)

T 1A Zxgu) wd W Auer 2] ApolA& BAEN7] Q13 o] F EAlelA AR IAL
Table 1. Model and specification of  experiment 2 FE3le] A5k
measurement dev1ce _;_‘j_ 2 -‘1:_—‘— i Hé /\é@ X]—7]—7(]— /] = 74] 71_ ° 0:] %
= melul A FAlek o} zr3l7o) tﬂ—o]_z] oﬂ uz} Txa7)= 71—/\—5],v]ﬂ
%—Ejf] Tobii E_:_O ;’ A‘EEEE%] H]—g - 90Hz }‘\JI:I_'Z\,_Q,]_ OSPAN Zé 7%]:}‘01'3}”1:‘ 7/_1‘% E}%‘G}‘ﬁ‘ﬂn
=7 |Eyefracker 4C AANE F Lxel] 2A¥ AT el
Ak | Empatica B4 | AlRb A5 WIS : 64Hz 5 5 5
T pa nT w=Ee = > Sko =) ;(D]— %/\]E‘—]O Eilgy
DT | Empaca Ba | UST BEY MO el el el el 0] Ey=v]e}
2. 7 293 4 SAdleld] Hur ¥ ZEHA
Y Wix S Table 2 The average and standard deviation of measured
ensor data by each lighting condition
N;zzle ] [PCl e/ ’ o
. ! ) —] . . £ =
o 00 © or Lgm| BT At OSPAN
o R (mm) (31/%) s
0 o o _ - - (lux)
*Smart Light bulb 150 | 2.97:0.22 | 87.36+12.87 |74.16+11.16
HVAC o o] | 2.90£0.43 | 84.19+8.76 | 83.19%7.29
| 2.9520.20 | 84.95412.73 | 95.30+0.46
450
39m o] | 2.82+0.42 | 86.34+10.94 | 88.17+4.29
| 2.73+0.47 | 89.13+13.58 | 94.44+1.50
a2 2. AFA A =9 800
Fig. 2. Experiment room diagram o] | 2.37+£0.26 | 96.33+13.89 | 91.10%4.41

1869



The Journal of Korean Institute of Communications and Information Sciences '22-11 Vol.47 No.11

Alake~ _E_/Ké.g =5 o:]

A TH] 5]'7‘"4‘:’}' 11:7%3;1]'
lsick A 292 .

Al vt EFle el

A oFE 79 150 loxel ] %, o 25 EERA)
2| Vel ol A 2wEge] Wolds oy
Lol e ] A, OF-E 234 150

lux?] A$E 77 Aswr) chaks Aoz 3

4 4 gk

bl .
°]“H /54_‘41 3‘—“3%734 %7‘; =Z719}e] A=
o ZZF r = -0499(P-value < 0.001), r
-0.628(P-value < 0.001)Z vlelstc} AAlG) <t
P-value: olgl] 218 &3 Akslach A=
T WS Ale]d] A 3AE JERlT, -1 oA
+1 ARREE Zheth ARG 004 HoAdE
EAA A7 J= AL Yvigt P-valuex ol
gk FEeA #SH Feol AAE AFH FAA
A o S24Ql FES vele 3o, 3ol
0.05 "lEteld FAMoR fovlgk ke vepdct
- =

= i )

: Hlelel 7i4

LY ﬁ]_ur xh;].

A AR W gt
FHA ] tf

s AR R g
Sl el ot

ol

vz

]:L:L

O_u‘

EeEia
b3

g

23]
o,

p=h
i
=
o

f
B
)
N
&)

ool el F

=4

]
-

==

P—walue = 2P(TS> | ts | | Hy is true)

=201 —adf(1ts 1)) &Y

IR FEE S

1870

32 E =
34
20
23 2
28
27 L)
26
25

Average pupil size

24 -
23
Gender Female Male Female Male Female Male

Lighting condition 150lux 450lux 800lux

Indivicusl

tandard deviztions are used fo te the intenvals.

J2 4. AW 2R3 e 3y R s3] Wt
Fig. 4. Change of the pupil size by indoor lighting
environment considering gender

100
L}

95
Q
)
O 9 I
S 3
3
T ® =

80

L3
LN

75

Gender Female Male Female Male Female Male

Lighting condition 1500ux 450lux B00lux
Indlvi

fusl siandard deviztions are used fo te the intenvals.

32 5. A 2R WE g B A s
Fig. 5. Change of heart rate by indoor lighting
environment considering gender

o

o] Ylozle|| we} AlRtar} Frkshe 1S E]lssla,
o] Alubae} AWy 2wt ale] AAlTE 1, o

2}y r = 0.394(P-value < 0.001), r = 0.559(P-value

< 0.001)= vepgtrl.

a3 62 AW 23l & OSPAN A& A

95 i -
E =
20
o
=
E 85
v LN
o]
80
75 I
Gender Female Male Female Male Female Male
Lighting condition 1500ux 450lux 800lux

individual standard deviations are used fo te the intervals.

Z93e e Y 3rlxl OSPAN A

Fig. 6. Change of OSPAN performance by indoor
lighting environment considering gender



i 2vtE LT el 4] A 2RO whE QAR AAAE B4 B 2 A elERd At

o] uje} EA)ER o] 2 AU 2737 (1501ux)
E AloJgh dubEal 2] AuEE(4501ux) - e
Zrd 2] AUEH7(800lux)ollA1E= OSPAN A7} =7
veh = 218 galsisicl 71 gk 2o Alujshy
oA Wzl Arixke] HAGoE $3F 91 Zect
A vhebgA| R o) oF 094 Aol z Ad ke
NS arefshd wlu|gk Fro FAIc) ofuj Al
273747 OSPAN AHpofe] AAlT= W Ak
247} 1 = 0.690(P-value < 0.001), r = 0.512(P-value
< 0.001)Z Rl

A 236 w2 T =7), AlukE OSAPN
Ag 25 2 AAGe) U Pvalue s B 54
Ao 297v) AL ol AE 2

2 Aol
AP A5 A5 BAsle, o F T ol
E3 g7)9} Al AREE]y] Aglkekx] 2xdsiedn)

& 5% 27] Wslel u}E OSPAN
413} OSPAN A< Wisle} At
ot FF 27|19} OSPANS]

R,
+

)
&
o
4 o
df oo

I~

2] sS4
AAASE o o] b r = -0.467(P-value < 0.001),
r = -0.444(P-value < 0.001)°]c}. Al¥lrel OSPANS]
AAGE o o] Zbzt ¢ = 0.288(P-value < 0.001),
r = 0.428(P-value < 0.001)Z dA} H7x}e] 7% 4l
H2} OSPANS| AFHAl7F vlad] A vepte
v, oH3] AR fofrlgh 3hE Bk

a5 59} 17 89 AFE 8l I wE o
TR Al Sl T3 2716l Hate] Ak w3k
owgt Al AL gl

a3 95 FF Z|e} Alukgee

Wbl wE

100 ~ Gender

Female
~ — =  Male

90 ~

80 ~

OSPAN

70

60

2.0 2.5 3.0 3.5 4.0

Average pupil size

|
Fig.

5527] Wsle] whE OSPAN A4 5174
. Change of OSPAN performance by pupil size

~~

100

90

OSPAN

80

70

60

50 60 70 80 90 100 110 120 130 140
Heart rate

32| 8. Ak sl wlE OSPAN A% 31914
Fig. 8. Change of OSPAN performance by heart rate

Average pupil size

80 9 100 110 120 130 140
Heart rate

32 9. FF=7|9}k AllnE OSPAN A Sail=
Fig. 9. Counter plot of OSPAN performance considering
pupil size and heart rate

OSPAN A& T3 o= glalr] $ste] Al 714
255 SRR xSk Y SaEE Aol
ASPE APl 22 7S ofngiel a3 73 a3
82 AFNAY T35 7 A At 55 =
£ OSPAN AHtle] 3271 Yrke AL #eld 4
ik

el A EwEdel wE FyEl, ARt
e

& Al ALzl s el Fefmldt 2
As &3 AFEA=E 7 A olSElS

o

Alkstar 71 oS Aeke =Askelck
1 HEZ2|AE(Random Forest) Z& EZ|
E

4.
ZA# E2](Decision-Tree) 7] dubE oz AAgH

AT Beow ke ¥ S AT, A4

1871



The Journal of Korean Institute of Communications and Information Sciences '22-11 Vol.47 No.11

(Overfiting) A4S o718 5= i} o1& s Zsl7] <
e s A3 7] 5 2= 7F21A)7](Pruning)
wale] slek ZHIAZE E3l Erfe] deolE 4%
2 glx|uk, o] mpuluko 2= g FAlE FypdoR
th77] ofgic) A EzdaEs A3 TAE Bk &
ez sjdstr] Sl AlkE wes o s
29l o] AR ER S ANkl ERE Al&ska, B
gk Aol 2A o] AAERE 2 W]l o]
o] slHon Fal dlole FellA] FApel= F-EAldt
< W] AH83k= Bagging WS ARSI =gt
of2] 7ie] AAER] YA A, AHEEhe ] F
= o1 dlofe]ellx] Fakel® Adegict. o] F2ts]

= Aud e A o2 Ao A= E )
BRE A9 7 FEE A 240 =2t g}

= °d%L<>ML OSPAN H<=5 Wz ~E ZH
Ege] ¥R ﬂf@d‘ﬂﬂr Ao w4 AE &
gz A AR S| w2 OSPAN HFE o=
7] S5t R E iRk A *E‘LH W, &
Azt AAAZ FF=7)e Alvkr } A=Ak

G SR ] RS fel wE A
o HlAE 9 mds o W SRl wel Adet
A w7t 2188t ol AWal QA sEE AR
vt,l_t;l_l’ /\juﬂ xﬂ;]x}l Nq}ulﬂ == /\}.9_?‘5 E_tﬂ% %
o detele| R F3ste] A5-S vlasisich

|al3t 73S 7124 el AA E](Decision Tree)2}t
3

(
-

2

gl3-A17d vk Artificial Neural Networks)2S AR2-3lF &
F719F S v|aEgink AAER] ERrdle 2ol
gk vlaLE 93 A EA~E 7|He] FA 9 JJrE]'”lE%
T A, AT HRREe F3
LA} A% S s AR S
sl

aﬂﬁizﬂ/\e 7324 Eﬂ = gsk-learn a}o] H a{a] 0]
RandomForestClassifierS- AF8-5}3] 37, sk-learn Z}o]
H#g] = GridSearchCVE ARg3le] 27 Aster}
7P A vehuss sl Bl A sEeE T
sigdek. g mde] Fejrle] F Er]e] Zo]
(max_depth), Z3le] xreo] FHa AEA
(min_samples_leaf), #7]ol] T3+ A4 AHZe
(min_samples_split), A& Ez]9] 7N
(n_estimators),  F3}¢] xxreol Ho )
(max_leaf nodes)E thile & z1a)slgic}. w0 W
2 E7)Y zlol= Bl BAAE AP 99 2
o 1002, Hshg] mr=e] Hi 3w Jlet —"%71011
2% 4 FEe| 28, H3M =2 FHd Aee

o
b

Y

>

b

m&aﬁ

1872

E 3. %l Ez]74 seile
Tab

|le 3. Optimal Randomforest tree parameter

Parameter Value
Max_depth 6
Min_samples_leaf 2
Min_samples_split 2
Max_leaf_nodes 15
N_estimators 100

7HAe] 5 Ajksl] flste] 248 15744] 170 244
o= AAsisivl A B9 Zle= 1047-E 10071
A 107 2402 AdAste] He) sleprle g FAs)
sk 3 32 A seprlelE Bl
g W Al whE e Ariate] w4
W71 S AR 2, As) gAales AR
o, AW, A, AAAls wrE AF&L %““ 5
o vepE e Flste] i Aeert 4
87.65%, 99.52% % /4, Au¥~], *ﬂxﬂﬂ = E_%
ARSRE melo] 7P sl ety ARt ARt
< AHERE Bl g A E718P7] S13 AR el
Holx Asol Azl vehd Aos %'J#Fdﬂr
Ao splEE Bl 7Rk STl 5 g
L= AAER, gAY, AEHsE sy A
84.87%, 84.26%, 99.52% = WPEH~E, AAEL,

QlZA AW} 420 7 1,}5}143} Q1A AT wule sk
AL die] BRIES M olEle 54

(Black-box model)©] 9}7] ]|, B =Follx= 3]
o] fol3l Erjnd F Alo] o EHH;,L_H]/\E

1
Aol HAE dole el Ao 21 el
Ansise

n —1

1 samples

1ify=y) D

Accuracy =
n

samples i=0

= predicted value of the i-th sample

-y, corresponding true value

I3 10> AAE gz aES] 9 W] o
3kl Pix= FOEE BAEIIC 91 W] S8
=5 7 ilgr) el o] B<eX(impurity) ] A
o] HEoE v )9} 2ol ARkt oldf &
TR T el A3 A5A] o]9fel| thE A5
27F Ao ole AEE ofvlghh



R AT E P L PR

S AL AAAE B4 4 2 QA SRl e

Top 20 Feature Importances

average pupil size

Group(light} 1°

Gender

Heart rate

00 01 02 03 04 05

J8 10, APzH~E mde] qfHEusy Za %
Fig. 10. Input feature importances of RandomForest
model

N, N,

W=
t t

i(t) @ tx=e] E<L%(impurity)

N, =2 A5 N

Ait) =i(t)—

it,) @

Q2] WS FRwE el B3, A vk,
R, Ak oz dhegel gerlel vlaia A
1k

e FLEE 2E AR W A

il

W oARARE A
7 FAATFe] dsto ez} FHoistae] 34
55 ke R oe] A 7 ARk A

=
A5E ST QTS WK ol s
2 2P AP ATk A5 vlolEE ulero.

)
X
N
-~
%

» 1
o5 Helstelw, B9 At o
AR} GRRA 9le-e weleh Akshe
BAAOE A4Y 5 =S AT QAN ETE A}
galoln, AYEL)S] T2} Tsbl Bk ke
2 2A9] slelu|e]2 ehlsle] REAIT 995292
SAstlch £ Aol TeE AANES] FFE)
o Al H2 we] wgE vk 4AEE 77
@ wf B Fgshlol A 2 Pl A
9 o7} olek & AFL] QT SR LS v}
goz GF A2 29 AelE T A1) 1A
A DT ololl HA oUiA AHgEA el
g 172 AU Aol

me

(1]

(2]

(3]

(4]

(3]

(4]

(5]

(6]

References

D. J. Yeom and F. Delogu, “Local body skin
temperature-driven thermal sensation predictive
model for the  occupants’ optimum
productivity,” Building and Environ., vol. 204,
Oct. 2021.
(https://doi.org/10.1016/j.buildenv.2021.108196)
Y. J. An, D. H. Kim, J. H. Lee, and B. J. Lee,
“Indoor environment control system utilizing
the internet of things,” The J. KIECS, vol. 12,
no. 4, pp. 645-650, 2017.
(https://doi.org/10.13067/JKIECS.2017.12.4.645)
Z. Gou, S. S. Y. Lau, and H. Ye, “Visual
alliesthesia: The gap between comfortable and
stimulating illuminance settings,” Building and
Environ., vol. 82, pp. 42-49, 2014.
(https://doi.org/10.1016/j.buildenv.2014.08.001)
A. U. Viola, et al., “Blue-enriched white light
in the self-reported

workplace improves

alertness, performance and sleep quality,”
Scandinavian J. Work, Environ. & Health, pp.
297-306, 2008.

(https://www jstor.org/stable/40967721)

R. Yao, B. Li, and J. Liu, “A theoretical
adaptive model of thermal comfort - Adaptive
Predicted Mean Vote (aPMV),” Building and
Environ., vol. 44, no. 10, pp. 2089-2096, 2009.
(https://doi.org/10.1016/j.buildenv.2009.02.014)
G. Ye, C. Yang, Y. Chen, and Y. Li, “A new
approach for measuring predicted mean vote
(PMV) and standard effective temperature
(SET*),” Building and Environ., vol. 38, no. 1,
pp. 33-34, 2003.
(https://doi.org/10.1016/S0360-1323(02)00027-6)
P. Ricciardi and C. Buratti, “Environmental
quality of university classrooms: Subjective and
objective evaluation of the thermal, acoustic,
and lighting comfort conditions,” Building and
Environ., vol. 127, pp. 22-23, 2018.
(https://doi.org/10.1016/j.buildenv.2017.10.030)
J. H. Choi, R. Zhu, and A. Johnson, “Human-
environment interaction: Potential use of pupil
size for visual environmental controls,”

ASHRAE-IAQ Proc., 2013.

1873



The Journal of Korean Institute of Communications and Information Sciences '22-11 Vol.47 No.11

(7]

[8]

[9]

[10]

[11]

[12]

[13]

1874

(https://www.proquest.com/dissertations-theses/
human-environmental-interaction-potential-use/d
ocview/1637727054/se-2)

J. H. Choi and R. Zhu, “Human physiological
signal based building environmental controls
for visual comfort,” ARCC Conf Repository,
2014.

(https://arcc-journal.org/index. php/repository/arti
cle/download/278/215)

J. H. Choi and R. Zhu, “Investigation of the
potential use of human eye pupil sizes to
estivate visual sensations in the workplace
environment,” Building and Environ., vol. 88,
pp. 73-81, 2015.
(https://doi.org/10.1016/j.buildenv.2014.11.025)
J. H. Choi, “Investigation of human eye pupil
sizes as a measure of visual sensation in the
workplace environment with a high lighting
colour temperature,” Indoor and Built Environ.,
vol. 26, no. 4, pp. 488-501, 2017.
(https://doi.org/10.1177/1420326X15626585)

F. A. J. L. Scheer, L. J. P. van Doornen, and
R. M. Buijs, “Light and diurnal cycle affect
Possible
circadian pacemaker,” J. Biological Rhythms,
1999.
(https://doi.org/10.1177/074873099129000614)
K. C. H. J. Smolders, Y. A. W. de Kort, and
P. J. M. Cluitmas, “A higher illuminance

human heart rate: role for the

induces alertness even during office hours:

Findings on subjective task
performance and  heart
Physiology & Behavior, 2012.
(https://doi.org/10.1016/j.physbeh.2012.04.028)
S. J. Tsukahara and W. E. Randall, “Is baseline

pupil size related to cognitive ability? Yes

measures,

rate  measures,”

(under proper lighting conditions),” Cognition,
vol. 211, 2021.
(https://doi.org/10.1016/j.cognition.2021.104643)
B. Pfleging, D. K. Schmidt, and A. L. Kun, “A
modeling relating pupil diameter to mental
workload and lighting conditions,” in Proc.
2016 CHI Conf. Human Factors in Comput.
Syst., 5776-5788, 2016.
(https://doi.org/10.1145/2858036.2858117)

(14]

[15]

[16]

[17]

(18]

P. J. Sleegers, N. M. Moolenaar, M. Galetzka,
A. Pruyn, B. E. Sarroukh, and B. Van der
Zande,
concentration positively: Findings from three
Dutch studies,” Lighting Res. & Technol., vol.
45, no. 2, pp. 159-175, 2013.
(https://doi.org/10.1177/1477153512446099)

C. McCarthy, N. Pradhan, C. Redpath, and A.
Adler, “Validation of the Empatica E4
wristband,” 2016 IEEE EMBS ISC, pp 1-4.
IEEE, 2016.
(https:/fieeexplore.ieee.org/document/7508621)
https://help.tobii.com/hc/en-us/articles/2134142
85-Specifications-for-the-Tobii-Eye-Tracker-4C
R. A. Thisted, “What is a P-value?,” Depart. of
Statistics and Health Studies, 1998.
(https://Sy1.org/download/511b90bc1233c516£0f
9bd5ab4da67e6.pdf)

L. Breiman, “Random Forests,” Mach. Learn.,
vol. 45, pp. 5-32, 2001.
(https://doi.org/10.1023/A:1010933404324)

“Lighting affects students’

2 Ef 2 (Tae-geun Kim)

2020 29 : A A7)A
Ak} skt

20201 34~3A) : SAIvEk
7|55kt Aatal E5tax

<Rl wAled, Heid, 2
Eollu | ] Al 2 E)

[ORCID:0000-0002-6676-4869]

Rl
2

L

hun
[



it rhE e ol A 2R B2 A AANE 54 A D TN e A

A = £ (Dong-woo Yeom)

2006 29 : o}t 7153}
5 gt

20081 24 : o}kl 158}
3 AAl

2014 24 : opFeEtaL 71535}
5 whal

20154 19~2016 2 : 7|2
el ZeleladFgdoisga el A ol

20161 49~20171d 69 : A5l 7| F1 o} tigta kAl
F A7

20181 14~20201 64 : B~ Fbehstw AEsta)

Z 1l _/F.

2020 89~&AN : o]z} Tl A531E 20l
A
ES

<Al Aa-AAAt g3, AR =4
47}58 & tix}e](Sustainable Building Design),
A&7}

[ORCID:0000-0001-8505-3619]

2 M| & (Se-heon Lim)

2018 8 : FAIH L A7]%-
shy- st

201991 29~ : At A
71833 At 3k

<IilRel wAle Y, W, A
Follu x| A Al 28]

[ORCID:0000-0001-7049-4163]

£ M = (Sung-guk Yoon)

2006 24 : A]&Tstw A7)
- At

2012 29 : A2 HiEta A713
FFEEE MR A AR
I4)

20129 94~2014d 24 : A&
Sl BRALE ded

20144 39~AAY AL A7) eyl

2=
nn

<FHFol A Hulele A2, AYAE A4 3-8,
srhe)E B4 vESD
[ORCID:0000-0002-8987-6628]

1875



