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Abstract

To improve comfort, research is being conducted from various perspectives such as heat, light, and sound. One of
the factors that should be considered to achieve even higher levels of comfort is individual differences, such as sensi-
tivity to heat or cold. Individual differences are a particularly problematic factor in environments where many individu-
als exist, such as in offices. By clarifying individual differences in how individual comfort is determined, we can
contribute to the challenge of creating comfortable spaces for individuals. In this study, we clarified the cognitive struc-
ture of comfort in the office and remote work using a questionnaire survey, evaluation grid method, and experience
sampling method. Although thermal factors have a large influence on subjective comfort in the office and remote work,
it has been suggested that factors other than thermal factors such as humidity, light, sound, and internal factors also
have an influence. Additionally, cluster analysis revealed that individuals can be classified into three types based on
the degree of influence "inside type", "balanced type", and "thermal type". The existence of this individual difference
indicates that factors that increase comfort differ depending on the individual. The preliminary experiment and the
main experiment with a larger sample size in office work demonstrated the robustness of these results. Similar trends
were observed at remote work. Therefore, it was suggested that the obtained results are applicable to a wide range of
work environments.

Key words: 4 7 « ZE)#5 (Office work), fETEH (Remote work), TEIHIPLEM: (Subjective
comfort), FEIFIAEFENE (Subjective productivity), #Ffif#i& (Evaluation structure),
f@AZE (Individual differences)

*Corresponding author (ZfF#%) E-mail: Kurihara.Kota@ds.MitsubishiElectric.co.jp, Tel: 06-6497-6313
ZATH D 20244E3H21H (Received: 21 March 2024)
SZEEH 120248 H19H (Accepted: 19 August 2024)

FENBE [2024]

201 |

Indoor Environment, Vol.27, No.3, pp.201-216, 2024



Vol.27 No.3

1. i

ZEFHBEEFITB W TIE, ZEB (Net Zero Energy
Building) icfFsh s T %8l LA, @MW
DO NDOHINAEFE: O n] Lo RS S A2 H E T
AYuEthERION T 2FHAEE > TW0WE, Ihid
Peod v o iR 72 S FE R A 2 TR 9 5 WELLER
AEHRIEE DS E K E A 13 U2 < OFE TR EE
BDSLTHED, HERICBOWT IS L OB
NELBELTVWE I ENLSEHLMLTH B, E
BRICIHORFEZENTHITHRAICE-T, B
WRENRRIIEFICERETHY, £ OEITHRE
DENBREE DT = C COAFEMICE A B g
ZRET L TWB, BlZIEWyonldZENDZESTEGD
BESHPD L, HORAZLEEI LD, "IN
HREMAER TS LTI EE2EHLTVLEY,
7cWargocki et al [3ZE P, ZEXVEICHT 5l
FEDS, (LRI 2 eI EE S ATV
TEERLTVAEY, [dific, BREEZHDTEORE
avbho—TELD, W RN, BENEREE
XS BRI B A 5 2 TW B Y,

COPEMEER LS B oI, R, T,
HOEHA BRSPS BBEIN TV S DS, P
MESPEFMT BBRICEE T NEERDO—D2 L L
T, PIZIFEN D RN, #HrBREETG, §
hTX 3BIEA O E V- 2 MAEND 5, AAE
347 4 2EDZ K DEABERT 2BREICBVWT
FRFICREIC I 2 BETH D, HAOYEMELE D
EOBERICE ST, EFOLIITHRESNZDMIC
B 2 AZEZH O PICT 5T E1F, AOPuiEr:%
S o bTEAEANCELE IcPuEZEM ORI &
WO BRI ICEIRT X B,

¥ 72, COVID-19D RGN Tifi 2 7 1 )WiT K
SRR E b I2O Lic, 2 < DEEPETE T &5
AT 52ET, INFETREEZERTH - EFED
HEEEHBEOA 7 4+ 2 & L TOMBREE > L D1
1ot T OETHHIEREICH T 2 Julitks X oA
FEVEICBIL T b, &f) - BB EA(LAEC TV S &
FEAHN5,

ZIT, KWFETRA 7 4 ABLOHEEHHOE
B bt O RS A0 S vt d 5 2 & A HIIT,
Ty —MEBRERELT, FHEZY v FEEB X
Oy v 77 ) v ik asER LI o Fkic k0,
* 7 4 ABLXOETHFEITE T 5Pt L O
PEDFLRE & MaERFER 12 > W T L 7255 Ic> v T

[

WiEd %,

2. BAERE
2.1 EZITHROBEBLBRAE

BRE Y D B EIIERE & L CPMV  (Predicted Mean
Vote, FTHURBIEEE) »b 205, AMOENERS
FROFHE E VS FEIFEEE, PMVO X S KK
B L KT L b——T/IET 2D IF TRV
EFEZALN 5, Nakano S lE [H x5 EWVW ] Eild
DEAAZEITOVTHHAEL, HARALH: & A EAF
DORIT, LU 2ERICICOENAS LN
5 &% LTY F£72, Tanabe b [ EEINTERE &
LToOHB2ERTIEEL, EBMEEE LT
FZIROFEM ] 5% OBRESICE 1 5 RS I
ABZBHTEARERLTOVDEY & SHICERNEREN—
EThH-12E LT, ZOWRBICAZE, ME, BE
TE2EVWS)—EHD Y A ra—2DhT, ABMEL
LPGEMENET E T EBHOSNTVWS, FES IR
NGO FE P 2 KRS inE ichlE s €, A
BRID O NIBERIC 1T T EBIR YD B4 2
CEEMOS T LI, BENREEICK T S EBREER
(d, HUTZ OBRESPUE AP & W S FEi 2 T
3724, TORBICB I 2ITENIC bELS ATV
bEEZ NS,

NS DTN S, ENEREOPEMEP, <
CTOHEFEW AR T 2B, BAEB X UHR
FITHET 24 NV +D2ODEAZEST L ME
MbbEEZEZOND, LId->T, RFFETREA
MG T B DIIFHE 7 ) v P ESE L,
BB OB A4 5 2D IciRERy 7)) v o
B0% O TR L 720

M) v FiER = — X ERERICET 2 2 &
AHWE LA v Ea—TETh b, iz »
FEE TS S PN B3I * H = X L GE
T 5o RBHINES I3 BN S R A AT, R
fzrphric, fhgRemiEE Wz EAIcE < REgiid
Th, ABOTE)LC OFRBRMEEIC X > TRES
N5 EMELTV S, RIFFLTIERFFEDHEALFD
A D 7 OFHME E R Ui, M) v ik
BRaSEfbaniA vy ea—FiETH B0, 5O
Z2FNEHESAL VI 2T R LTHELDF—%
Ao ThiE TINET 5 T EBAJRETH %, Fig.
NTHEHEER) 7S 30l 27 ) v FiEEo&EERd, 7— %
31 v va—ETcNEsNE, FT1M 72

HNBREE [2024]

200 |



Vol.27 No.3

7T —WEEFITH LT, EHRORREHIKRLTXD
BWhHZREIES, 2LTC, 41927 -3
BITHLT (255050800 0n] E0WH'E
MZiTV, SEomMRrIaiifEzimitd 2, 1 >~
a7 —i@EkT TOOTH 5 7T 3l sz
] EVSEBZITY, HRITO W T O BRI
T 3, ChoDA vy Ea—%2fp0iKS T &
TEME O MifiERE & R 5,

1B, FEENEHEZ ) v FIEETBWTIE, 54—
Vv 7 ERWT EAEE E MBS oS 2 i
%5, UL, ShlofEto i, PuliicpEs
Bz 28RAEMBT A EThotctcd, 35 —4
v v EHOWT IS O A E2T - 12, T DR
I, BEERISEHE Y v FiEERIRICS 5= v
ZHEROITS T & T, PUEBICEEE G A 2 ERD
SEBEEET 5 C AR Lo, £/, FREER
EHE 7Y v FiEE FES D, KRBV Tk~
IRRFRIC B 1 2 FEBE ORI T 25l 21TV, %
IHhoDF—s%2IELTVE, F—7INED S 1
I v 7R R OO R RIS E, o
ZOBSETORBEHICOWTHEELTHELH VD
AFEOTER, NEENEF— 5 DR 2D S
H 5 LT, FIAREOHE LT OERO A %A
BT BEVWS T, HEICKZOEDEAZEFHS &
52 EMAFETH D, F— ¥ OfFFEEE L ET
WBEZEZOND, T Ea—7%iEH LR
TOFHM 7Y v FEIRIZOWTIR, * —IVEHWL
foEHl 7Y o FEODEAET 508, AW TIEWeb
[&7 + —sZ2HVEIET, BHEIOS S—1 v
TE5A4 LT 71T LT, wto G 2
oy RETRELOVRKED 7 — s INEAEH L 72,
TR & » TPl AL T 2 ERIc W T, XD

HAFRI 7S ATEAL AT 5 T E S AJREIC TS - 7o,

Fro, AROFHEZ ) v FERITB VT, FRM%
RETHTULA VMO ABELTA Y VIV
HHoMH 2TV, 2hick LT ¥ — 5w VER
L5857y TEMERVERST LT, WHROFEM
Mg Zrgibd 5, SROFETE, + 7 « RZE[H
VDR SENE LA LIRS LT oM
HNThBIcH, T LHERME T L2 v L
THFHIEE Ot REZ L BEZ 6N b, T DT
Y, BHREToRE S WS B—0fHliEE ICkd %
FEIPETEO¥IW A2 5 57— v S OldE E L,
TROL, WEHREISMEMASIhE TEREL
TEIA 7 4 ARBEOYEEIC O W T OB 2ART
bo, ZIEFTORBREKEHEKI LAY FEL
CTHIFF R TOFHIPEEZ KT 5 2 &1tk - T,
B o EE bR c B 2 BRA RS I
LB ENTE D,

IVEE L 72 @HEI 74 v o B o —F — 4 2 ERMIC
@4 % 72%, B-Grid"® % O IZE-Grid® 7 v 3 Y
R LATHE - TRAPEFFERFD3E%E L 72ESV  (Evalua-
tion Structure Visualization)'? % H \\ 7z, E-Grid |3 &F
Wiz v K% RO T & 7Rl 2 fRE L
TELLOOY 7 Y 2T THY, 75 7HRIHES
WCTHA v & Ea—TF— 7 ORBGEHE L= b 24T
5T EMTE S, ESVIEIRED T — 7 U Z 1R
L7cYy 7 b9 27 ThHD, &7 4 R8BI ST
VI — FEBORICBFE S NI, HEHBO T —
g ISR L 72,

By v 7)) v R, BEAEORhTHESN
T L CHREDINE %2 2 AT ETH %,
BERy v 7)) v SEO X )y ~ B EIEE O N1
7R ([REH O « MEFRN LBk - T

Laddering up question to elicit higher levels
"Why ‘luxurious’ is important for the item?”
— "Because it let me to feel sense of superiority.”

Higher Lower
Abstract value Sensuous Objective and concrete
judgement — understanding — understanding

(e.g. sense of superiority)

(e.g. luxurious)
T

(e.g. large engine displacement)
A

Laddering down question to elicit lower levels
“What is needed or how is it like for the item to be ‘luxurious’?”
— "Large engine displacement is.”

Fig. 1 Overview of evaluation grid method.
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Table 1 Questionnaire survey composition.

Survev tve Targeted work styles
y P Office work Remote work
- Chapter 2.2
Preliminary survey - -
_— Preliminary survey
Survey objective
Main surve Chapter 2.3 Chapter 2.4
y Survey on office work Survey on remote work
Order of participantresponses >

Further determinant
(Free response)

Determinants of
subjective comfort
(Free response)

Determinants of
subjective comfort  ——
(Free response)

Further determinant
(Free response)

Subjective comfort
(1: Very uncomfortable -
7: Very comfortable)

Determinants of P
subjective comfort ~ ——
(Free response) P

Further determinant
(Free response)

Fig. 2 Schematic diagram of the response form for the evaluation grid method
(Solid line nodes require responses, dotted line nodes are optional responses).
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B Questionnaire structure about evaluation grid

method

— Subjective comfort

+ 1:very uncomfortable to 7: very comfortable

— Comfort evoking factors

* Factors that evokes comfort (e.g., hotness)
— Participants also rated levels of valence and arousal of these factors
* Factors that evokes factors that evokes comfort
(e.g. air conditioner is working too hard)

— Subjective productivity (work efficiency)

* 0% to 100 %

‘ Subjective comfort }.7 Facto(rzzr;hfiitaffect

Factors that affect
factors that affect
comfort

‘ Subjective productivity ‘

Fig. 3 Overview of questionnaire using Google Forms.
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Fig. 6 The valence and arousal of the factors that affect comfort.
(The size of the circle indicates the times of the response of the item)
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Fig. 7 Average relative frequency in the three clusters.
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Table 2 Changes in each index depending on date (Numbers in parentheses mean SE).

Date Number of Average of subjective  Average of gupjectlve Average of PMV
responses comfort productivity
10" April 400 4.25 (0.06) 71.46 (0.79) 0.40 (0.01)
11" April 370 444 (0.07) 71.39 (0.87) 0.40 (0.01)
12" April 290 4.35 (0.07) 72.75 (0.93) 0.41 (0.01)
15" April 269 4.22 (0.07) 68.38 (0.99) 0.45 (0.01)
16" April 221 4.50 (0.08) 70.71 (1.02) 0.29 (0.02)
17" April 150 4.45 (0.10) 71.89 (1.28) 0.38 (0.02)
18" April 127 4.49 (0.10) 71.78 (1.44) 0.38 (0.02)
19" April 59 461 (0.18) 71.07 (2.39) 0.43 (0.03)
22" April 114 4.36 (0.13) 70.79 (1.66) 0.33 (0.02)
23" April 75 444 (0.13) 70.33 (1.84) 0.39 (0.02)

Table 3 Changes in each index depending on time of day (Numbers in parentheses mean SE).

Time Number of Average of subjective  Average of gupjective Average of PMV
responses comfort productivity
08:00 1 5.00 (0.00) 80.00 (0.00) 0.49 (0.00)
09:00 9 3.56 (0.59) 5422 (11.52) 0.46 (0.05)
10:00 390 443 (0.06) 72.03 (0.84) 0.39 (0.01)
11:00 302 4.50 (0.07) 73.91 (0.87) 0.41 (0.01)
12:00 224 4.54 (0.08) 71.42 (1.05) 0.42 (0.01)
13:00 254 4.29 (0.08) 69.11 (1.16) 0.43 (0.01)
14:00 144 4.24 (0.10) 69.80 (1.29) 0.38 (0.02)
15:00 320 4.15 (0.07) 70.28 (0.84) 0.37 (0.01)
16:00 74 4.41 (0.15) 70.78 (1.82) 0.33 (0.03)
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Fig. 8 Evaluation structure on office comfort.
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Fig. 9 Circumplex of the factors that affect office comfort.
(The size of the circle indicates the times of the response of the item)
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Table 4 Correlation between subjective comfort, subjective productivity, and PMV in each cluster.

Correlation coefficient

Clusters n Subjectiv)e(z comfort ng P)I\QV
Subjective productivity Subjective comfort Subjective productivity
Total 2,075 0.54" 0.04 0.05
' e o) 626 059" 005 010
(Eala 2 oo B2 041 0.05 0.17
(Ther 3 406 564 052 0.07 0.06
"D <005, p<0.01,” p<0001
1
o 09
£ 0.8
& 0.7
‘*§ 0.6
£ 05
504
£ 0.3
& 0.2
0.1
0
1 2 3
Cluster

W Thermal @ Sound @Light @Inside mWork m Others

Fig. 10 Average relative frequency in the three clusters.

Inside factors
affect comfort |pside

type

o
o0

e
oy

o
-

Inside factors

! Thermal factors
| affect comfort

<
to

The other factors )
affect comfort 02 0 Thermal
04~ 04 type
Balanced Zhe, 0.6~ - 06 o
1777.3/ ' N P ,“@
type gy 0.8 - 0.8 ¥

(o 1 1

Fig.11 Distribution of individual types in office comfort.
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Fig.12 Frequency distribution table of indoor temperature at
the time of answer.
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Fig.14 Evaluation structure on remote working.

Table 5 Comparison of percentage of comfort evoking factors.

Unit: % Remote Office
Thermal 54.9 524
Internal 18.1 19.6
Sound 13.8 15.8
Light 5.9 4.0
Work 4.6 1.8
Others 2.7 6.4
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