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Abstract

Although smart homes have been much developed in China, smart homes has been mainly towards the adoption of
new technologies. There is little development of smart homes to consider and meet residents’ needs in China. This study
investigated residents’ living in apartments in China using a questionnaire to identify their demands on smart homes.
Through the survey, this study analyzed residents’ space use patterns, daily living patterns etc. according to their ages.
The results implied that there are significant differences in the use of spaces and demands on daily living within
apartments. The results of this study should be considered for the development of smart homes in future. For example,
it might be easier for people in the 20’s to adopt Internet of Things (IoT) and environmental control systems compared
to other age groups because most of them in the 20’s use smart phones effectively without difficulties. In case of people
in their 50’s who stay home more times for taking a rest and eating meals compared to other age groups, smart
technologies should be applied to support their health care and works in housings. This research emphasizing residents’
experiences could be basis for the development of smart homes in China.
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Figure 1. The Foreground of Apartments Surveyed
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Table 1. The Development of Smart Homes in China

Year Stage Content
Chinese residents living in high-end housing
2000 Concept ~ started to become aware of smart homes
stage High-technology furniture companies began
to appear
Exoeri The potential of Internet technology was
2001-2003 PNt explored
stage

Control and management became smart

Chinese residents living in affordable housing
Popularity began to become aware of smart homes

2004-2007 -
stage China started to develop these techniques
independently
The first smart home community appeared
Active  in December 2009
2007-2012  development CMCC developed YIJUTONG, China

stage Telecom developed EODEEJIA and China
Unicom developed WO

All information technology (IT) companies
Diffusion  began to invest in the smart house market.
stage Consequently, there were significant
developments in smart house industries

Post 2014
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Table 3. Average Hours per Day Spent Using Smart Devices

A
2 7P ke, 3,000RMB 143l <97} 51.7% 5 Mean £
_ = i . Ttem Duncan 20’ 30°s40°s 50’ F-value
STt = =7} 5 A (national bureau of statistics of (N=50) (N=45) (N=42)
china)ol] W=™ F=1 20149 715 @ Hd ALYI= & ours spent smart " cl0 15 ser NS
2ol 1,665SRMBSIT phone ’ : : :
Hours spent using M 1.48 0.24 0.71 3049
Table 2. General Information tablet iPAD D b a
Item N(%)
Gender Male 25 ZAEAES] 2ntEE 1529 AMSE ] He A
N=137 -
(D Female RATD g w2 Ashe <Table 429 Ptk APl el Lt
20 50(36,3 lA
Age — 450 45(33 0) L 129] AMEE T BAHOR 42277.920%%% p=0.000
’s-40’s . - -
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S . - -
’ 12.9) 2 JHHRIHEE 7P AS3HaL 42.0%, 50t o]/d-2
5 34048) 262%2 TriE 7P AssiSin
Households size 3 43(35.0)
(N=137) . Table 4. Smariphone Usage across Different Ages
4 23(16.8)
More than 5 28(20.4) ltem Age
_ 20's 30’540’ 50’
: - N=137
- Sharing an apartment with (39.4) ( ) (N=50) (N=45) (N=42)
Apartment condition parents Health and fit 3(6.0 12,2 1023.8
(N=137) Living in an apartment calth and tness 60 (2.2) (238)
independently 83(60.6) Games and entertainment ~ 21(42.0)  23(51.1)  0(0.0)
Living with parents in the 37(27.0) Economy 2(4.0) 2(44) 6(14.3)
Living condition daytime ' Education 2(4.0) 122.2) 9(21.4)
(N=137) Living without parents in the 100(73.0) Weather 2(4.0) 12.2) 3(7.1)
daytime News 6(12.0) 11(24.4) 11(26.2)
Less than 100 m? 51(37.1)
Apartment size T o Books 12.0) 0(0.0) 3(7.1)
(N=137) o m (50.9) Social networking 3(6.0) 6(13.3) 0(0.0)
More than 120 m*~ 16(12.0) Sports 1(2.0) 0(0.0) 0(0.0)
none 43314) Music 9(18.0) 0(0.0) 0(0.0)
Number of cars 1 78(56.9) $2=77.929%** p=0.000
(N=137) 2 13(9.5)
3 3(2.2)
1000-2000RMB 30(22.0) 3. TEH L 27
2000-3000RMB 36(26.3) ZAINAE 0] el 1] 27k Aleo ZAlaly] & =
Cost of living per month 3000-5000RMB 25(18.2 - ]-_EH © }E_'q T T CiL ]’%;a AR 3
(N=137) . (18.2) H AL, P34 Vs, JAA e, 2 3 NS
5000-7000RMB 27(19.6 e SloLs .
O sk 30, 9% 32 5E viekedinh A 2
More than 7000RMB 19(13.9)
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Table 5. The Use of Space in Housings g AAgME JA=ZES Wo] B = Ao 7 e
Age Wit AHEEE 200 66.0%2 ot E717F M B
frem e N e sk son elgel AgE AU/G81%)E ohE]
0, = s= Ao
Livingroom 2142.0)  24(533)  36(85.7) (12;))?@01? ——;—101;:: °‘7/;—§‘:—jlqj ;}_./\}ﬂ A3} 75
Living space Bedroom 27(54.0)  19(422)  0(0.0) B o Lo o ‘; = = Eo )
for daily life Kitchen 00.0)  2(44)  6(143) m(54 0%)°] AAlh 2 d=ggre] A flelr ddnt
(N=137) " Toilet Bathroom  2(4.0)  0(0.0)  0(0.0) I FESATh SHEAe] 4798 (34.3%) HT flol A
1°=40.754%%% p=0.000 £ ‘%‘3’_ ds St gHEtATh SHEHAE] 16%(11.7%)
Playgrounds, parks ~ 25(50.0)  35(77.8)  36(85.7) 2 BYe] A QoA dgiga st EHAH=
Space for  pome 1204.0)  920.0)  6(14.3) <Table 7>¢} 7+ch.
(egirf;e) Gymnasium 1326.0) 122 0(0.0) _ _
12=25.112%%% p=0.000 Table 7. Space for Work in Housings
Livingroom 11(22.0) 12(26.7)  6(14.3) Item N(%)
Space that  Bedroom 24(48.0)  10(22.2)  3(7.1) Space for Independent space for work (working desk)  74(54.0)
ng:isvzeze Kitchen 1020.0)  15(33.3)  21(50.0) work Working at the dining table 16(11.7)
(N=137) Bathroom 5100)  8(17.8)  12(28.6) (N=137) " Work at bed (using computer stand) 47(343)

$2=26.718*** p=0.000

2—26 718%*%  P=0.000914 F2]4Q1 Z}ol& YERATE 20
T 48.0%= HAS AL, ool Hls| 30thelA] 40
1‘41, 500) oS ZHz; 333, 50.0%% FHHS Mgt
AN SRS A s A st 7158 24
gt A= <Table 6> 2t} ZAMNFALENAl s
S ol §E= o83 =AE TE EsH & A %
Agro]l 70.1%= 7HE B%er, o1ty M=E HI|7t
46.7%% Edth AHUEEZE 2000l F=F 1Y)
60.0%, =2Fo]sl7] 52.0%, AFIBHEA S2tE7] 48.0%=
o2 Al vlE] =A JERsth FAE ol §&
ARESEEAE AN At F H717F 63.5%= 71 ‘5%
UL, SHET] 4R2%=E 1 T o). shAl

Table 6. Space Function in Housings

Age
Item 20's  30°s-40s  507s
— - N Total
(N=50) (N=45) (N=42)

Listening to o

music 24(48.0) 9(20.0)  0(0.0)  33(24.1%)

Washing o

clothes 34(68.0)  33(73.7)  29(69.0) 96(70.1%)
) Make-up 13(26.0)  12(26.7) 3(7.1)  28(20.4%)

Toilet Check mobil
eck mobile o

phones 30(60.0) 21(46.7) 13(31.0) 64(46.7%)

Read books or

newspapers 5(10.0)  8(17.8)  10(23.8) 23(16.8)

Drying hairs ~ 26(52.0) 11(24.4) 9(21.4) 46(33.6)

Rest 0

comfortably 28(56.0) 34(75.6) 25(59.5) 87(63.5%)

Listening 10 3366 0)  26(57.8) 7(16.7)  66(48.2%)

Bedrooms music

Read books ~ 12(24.0) 20(44.4) 16(38.1) 48(35.0%)

Check mobile N

phones 6(12.0)  6(133)  6(14.3) 18(13.1%)

A= <Table 8>9F 7t}

‘=ehul, G3tE A" 7715 FEA REA]E AR
Az} ARPER EAF O R 42=58.140%** p=0.000°]A]
frolgh ol HIATH 20the 44.0%= A=ESR 7P
2ol Bk, 30thel A 40th= 44.0%=, 50t ©] A2
92.9%% TVZ 7P @o] HSt}h ojHl AL HEXE
AR Azt ARUEE FAFSE ¢=16.867**, p=0.002
oA Folgk xpo]= ®Th 200H, 30thel A 40thel 50th
oS Zbzb 42.0, 40.0, 76.2%= ?—._lt&z'i; 7 ol H
£ ZAo2 Yt AT 2009 A Aaddn g
(32.0%), 30tHollA 4othe] 7% X*X}%-ms 6%)S S0tH K
T} o] HE Zow L}E‘HE}

Qg Aol tigh 2AHS 2EA] F REAE A
3 A3} AP R EAZOZ ¢2=14.797*** p=0.0010]
A folEk zpolE BHATE 200iE 62.0%, 30thellA] 40th
T 55.6%Z 4173 <F kol oF Wb 50tH ol 76.2%
2 A WAy A7 2290ukal gRekth Q& Y
g 24l & ZYst=AE 5/\}?& A3 A ER
EAZ O R 42=15.692%%* p=0.00004] ]2 7‘<]—0]§

=

[s}
B AT 20009 54.0%, 30tholA 40thE 73.3%7F 2
AeskA] Eettty S8k vhd S0 o] g I Zéahf}
E]'—L— 011::1 ]’%‘\

oA g3t XqOl NEAE A A3t ARl w
2 BAIFOE ¢’=6.927*, p=0.031°14 I3+ 2Jo]E B
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Table 8. Related Items to Daily Activities

Age
Item 20's 30’s-40’s 50’s
(N=50)  (N=45)  (N=42)
. v 9(18.0)  20(44.0)  39(92.9)
Device for
watching Computer 10(20.0)  2(4.4) 3(7.1)
drama or Mobile phone 22(44.0)  19(42.2)  0(0.0)
movies  [pap 9(18.0) 4(8.9) 0(0.0)
(N=137) ~
¥*=58.140%** p=0.000
Species of Physical paper book ~ 21(42.0)  18(40.0)  32(76.2)
books for E-books 13(26.0)  16(35.6)  3(7.1)
reading  Web fiction, Webtoon 16(32.0)  11(24.4)  7(16.7)
(N=137) =16.867** p=0.002
Smell 1938.0)  20(44.4)  32(76.2)
Shoebox
(N-137) No Smell 31(62.0)  25(55.6)  10(23.8)
¥2=14.797%%* p=0.001
Tidy 23(46.0)  12(26.7)  29(69.0)
Wardrobe
(N=137) Messy 27(54.0)  33(73.3)  13(31.0)
¥>=15.692%** p=0.000
Working at Yes 41(82.0)  41(91.1)  29(69.0)
home No 9(18.0)  4(8.9) 13(31.0)
(N=137) 12=6.927* p=0.031
Lights are dim 38(76.0)  23(51.1)  36(85.7)
Lighting -
(N=137) Lights are appropriate  12(24.0)  22(48.9)  6(14.3)
¥>=13.612%** p=0.001
Eat at Home 22(44.0)  31(68.9)  39(92.9)
E?tmg Eat outside 15(30.0)  6(13.3)  3(7.1)
ace
(15):137) Eat at parents' home ~ 13(26.0)  8(17.8) 0(0.0)
¥2=25.950%** p=0.000
Automatic adjustable 1,4 o 19422y 21(50.0)
Kitchen height function
workbench No adjustable
(N=137) function needed 38(76.0)  26(578)  21(300)
¥*=7.070* p=0.029
Frgsh food shopping 9(18.0) 5(11.1) 0(0.0)
Online online
shopping - No shopping fresh o ) 4088.0)  42(100.0)

(N=137) food online

$*=8.119* p=0.017
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Table 9. The Price Range of Smart Devices Available for Purchase

and Spaces in which Smart Functions should be
Implemented in the Future

Age
Item - N N N
(N=137) 20's 30’s-40’s 50’s
(N=50)  (N=45)  (N=42)
Lessthan 1000RMB  5(10.0)  6(13.3)  0(0.0)
1000-3000RMB  12(24.0)  15(33.3)  6(14.3)
The price of 3000-5000RMB  15(30.0)  21(46.7) ~ 21(50.0)
smart devices 5000-8000RMB  15(30.0)  2(4.4) 12(28.6)
More than 8000RMB  3(6.0) 12.2) 3(7.1)
$2=21.098** p=0.007
Entrance 4(8.0) 2(4.4) 0(0.0)
Living room 17(34.0)  20(44.4)  20(47.6)
Spaces that e qroom 1938.0)  5(11.1)  9(21.4)
require Smart —
technologies Kitchen 6(12.0) 12(26.7)  10(23.8)
Toilet/Bathroom  4(8.0) 6(13.3)  3(22)

$?=15.661% p=0.047
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Table 10. Future Uses of Smart Technologies

Category Item N Mean S.D.

Digital toy pet makes leisure time

cheerfully 137 3.08 127

Leisure 3D video partners (Avatars) can be

supplied when watch movie alone at 137 3.15 1.18
home

Temperature can be adjusted
automatically according to residents’ 137 421 097
Daily life physical conditions

Daily schedule can be reminded when

. . . 137 346 130
residents wake up in the morning

Foods which residents want to eat can
Housework be searched and then shopped on the
support  Internet and required ingredients can be
prepared.

137 3.15 1.19

Safety of Visitor’s faces and information can be

living  identified and provided to residents. 137398 110

Weight, pulse, blood pressure can be
checked by system sensors daily for 137 398 1.04
residents’ basic physical examination

Telemedicine system connected with
TV in bedroom makes telemedicine 137 393 1.16
possible.

Health
Support

Video call with doctors can be supplied

at bedroom 137 3.88 1.09

A virtual system remind residents of the
schedule and information for their 137 3.65 1.12
exercise automatically

Exercise equipment can be customized
to residents’ health conditions and 137 3.65 1.03
schedules

Environment Indoor temperature can be customized

. 1 96 1.0
Control to residents’ preference on temperature 37396 3

Work or 3D projector system can simulate office
study su Ortscenes thus residents at home can feel 137 293 1.13
Y SUPPOTe office atmosphere.
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