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Abstract

Currently, most people spend 80% to 90% of their time working in an airtight
indoor environment. Indoor air pollution may cause different levels of hazard problem,
e.g., would cause uncomfortable symptoms or relevant diseases, and therefore result
in productivity reducing, time losing and cost increasing, which can degrade work
quality, work efficiency, and long-term health. Many researchers have demonstrated
that plants can be used to purify the air and relive stress, essential oils can promote
positive emotions and eliminate negative thoughts, and music can relieve stress by
calming nerves and relaxing muscles. All of these are positively related to the release
of stress and the promotion of health. To improve IAQ, create a refreshing,
stress-relieving environment and build an assessment model, this study first reviewed
the importance of IAQ, highlighting the function of plants, essential oils and music in
improving [AQ and reducing SBS. The second chapter reviews four key research
methods, being DEA, DMAIC of 6 0, ANP and TM, and explains how each of these
methods are respectively applied to this research. In the third chapter, using a school
classroom as an example, we employed DEA and TM to select plants and determine
their optimum configuration, in order to enhance the quality of the indoor
environment. In the fourth chapter, using the reading room of an aged care facility as
an example, we applied the DMAIC procedure of 6 g to select the optimum
combination of plants, essential oils and music, in order to maximize the
health-promoting and stress-relieving features of the indoor environment. In the fifth
chapter, using the conference room of a kindergarten as an example, we employed

ANP to select plants, essential oils and music, and used TM to evaluate the



health-related quality of the indoor environment. This study also used statistical
testing to verify the experimental results. Lastly, the sixth chapter discusses how our
findings demonstrate that the optimal combination of plants, essential oils and music
can effectively purify indoor air, relieve stress and enhance environmental quality. We
also emphasize the importance of developing a model to evaluate the quality of an
indoor environment in promoting health and relieving stress. We believe that the
proposed system provides an effective means to enhance air quality in the promotion
of a comfortable, clean, and healthy environment. Our findings provide a valuable
reference for the implementation of environment improvements in medical facilities,

retirement homes, and office spaces.
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Fig. 1. The study flow diagram of this thesis.
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Fig. 2. Target level dimensions dependencies feedback

Bl 3. K F1F 3 SN VE F1F 508 B

Fig. 3. Main effects plot for S/N ratios

Bld, TP BRI Bl

Fig. 4. The assessment mode of indoor healthy environments

B 5. SIN VY BT 223 BBI(FTE )

Fig. 5. Main effects plot for S/N ratios (school classroom)
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Fig. 6. Probability distribution of satisfaction
Bl 7. R FRE TG AELE

Fig. 7. Healthy stress relief performance evaluation matrix
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Fig. 8. Diagram of probability distributions of expectation and satisfaction
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Fig. 9. Diagram of low expectation distribution vs. high satisfaction
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Fig. 10. Diagram of high expectation distribution vs. low satisfaction

distribution

vii

16

23

26

40

46

47

48

50

51



Bl 11 % & Rkidipz B SR 0EE L F 53

Fig. 11. The healthy stress relief performance evaluation matrix of nursing and

caring institutions.
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Fig. 13. The cause and effect diagrams for poor healthy stress reliefs
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Fig. 14. Main effects plot for S/N ratios (reading room)
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Fig. 15. SOP chart
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Fig. 16. Target level dimensions dependencies feedback of this study
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Fig. 17. Main effects plot for S/N ratios (conference room)
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AT ER GEGAHDETRT LD 0 N E T AR AR DL AT
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Bt R R e M E R R AR Uz

-

KA FERCTEY SRR L AR 00 0 F UM S F Al s A Mo B

il
(‘ﬂ}

TAHNARP T 2 ARERE o T > AR CCR K~ H 050 > 3 Bodp 2 1

FREFORFRE SRR RGOS TR AFLHEY E A G -

S8 AHRELIfAGO)

p i¢Motorola=> 7301987 # B 4xE* > A BRI AR ER e 57 - Bg

Ao FIRE LY gl REL O E s Reel fEMTER A £ F

Sk
=
2
X

B4 T EEREEDN L bdr s H B DD A1995F For 2 L S 2

EOFPAAE FEFN Y TIHEAL AL A A

B S R F S YA AR L 0 0 R NF R ESLR
FROF LR L SR RA LY RBEDE ST % R E F oo bl4cHam
and Lee(2002)#7#% siMAIC2. iz & /i 42 ° Geogel(2001)#% It enDMAICZ. i A2 L 4

F ORI LA A AR B frid B o Linderman ¥ (2003) { i& - ¥ #% 11 DMADV

e H B G e G kRt AT R RTA SR R Aok
RPN S 335 M RE L R § 0 4eChen % (2006)3% 18 - 158 £ AMAICT 42 -

# = TFT-LCD# 4= ehBlAz. 5§+ Hsia% (2009) % » = 453 £ 8 » 5 4o 5 e gt 7
4 PRGE & F 5 Chen# (2010a) % ~ » 12 £ DMAICH 3¢ » &= kA JRIF & < &
e o 2 R L AR LB R RIS {18 BREIF S FH A

SRR EFILE S SRR ] £ 2T

AL ARG F S R BT 2 F oo E g iR

(DMAIC) ~ jw42% 3+ (DMADV){rin424 32 (DMAC)= #& - DMAIC¥ £ &4t %
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A4 F T E  DMADVSH AP 5 2L & - Binde & A ¥ S A

BEE AP EFRY S DMACRI & 220 24l S g A o £ ¥ fdi > {1 3F
APF > VLR ADANER AT R w R PR AR o ﬂ} ey

A it e (PR, 2008) ¢
- ~ Az (DMAIC)

(=) %A (Define) | FAMFE A E B bR LR PR RS Ao H A

;'2,7%515&&?%%@%1?&%%?"ETi‘%%IEB .

(=) §8 (Measure) : e v {735 222 = £ IR B IBRISZATE T

ZFE 0 35 DB AR ARATIE X e 3o

(=) # 17 (Analyze) : A2 B3 4 hE & R F|2F T # L F 4 8 A R 7] 37

RREER SR RS Rl KEE L O ERGRE ER M

() z;:%i(lmprove) B lndi2 3:—“2; - BhAe F] 7 45 ﬂﬁk%ﬁfi‘% E ‘75? %‘k{ (7 o FETL

)&’«

CEHR OGRS FREGREL S ZI RN AR RITR

=g

() #x#1(Control) : 4rir AF e f & & ?2x % msd ~ I > Fcd o T
P E AN P e A B0 A MR R AR E L

]ﬁ]}]\ o
=~ A7 2 (DMADV)
(<) TADefine) | B LML 2AFF I AR DL 2R AP iAW A

P Al T RE AP
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(=) #78 (Measure) : A 4r P (732 22 = F R AR BRI B B D

A BE o B fRBLHT - B HARE 0 BT AT o

(2) ~ ¥7(Analyze) : iB423K - 4 7 o ¥ 548 £ B+ (voice of customer, VOC) >
i R EHBRFRIMAE BN R R Mg RS A R

JRAR R Sl A SR JRAA IR P Sl S W 2 .

(z) &3+ (Design) @ 3T FATIRAL 5 R AEF SR FEEEL ) L L

KIrEEGET o
(I ) & (Verification) : B g % ¥ MAF 20 HRF RIFE R A TR G -
= a4z # 72 (DMAC)
(- ) % &(Define) : % TinAz - MALAE £ & Rfcinfedet 4
(=) 78 (Measure) * Hr€ 1 & /nARdg iR 2 Hox L F LTI L& K -
() ~ 7 (Analyze) : ~ 47 FAL 25 1 78 3 i3 & IR AR E LA o

(=) ##](Control) : o BT AR T E/A D FR o R T

LR E e P b E KR AL

i+
FAe s e d o FEAHREE AL BENTE o FP o R 602 DMAICE

?«‘*
215
[y
AF
A
=
Tk
*
e
9-:\}
;*n\?
p
IS
hios
by
=
(\n
"

“
3=
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¥z & Rk s~ 472 (ANP)

& 5/ 7% (Analytic Hierarchy Process, AHP)#&_Thomas L. Saaty ** 1971 # 3%
Mo AR AERZET2ZFR 2 EF BRI EA SR AL o AHP - fAH P
s BRI A 2 F AR S R e odhlR T o ek K AT e BT
FREA AR . AR PR B HELL  HEER S XY & ﬂ:&i&iﬁ - AHP %
WAL R » FERF BISA P& FHF45 b2 » IR RO R
b 5 123 {735 (Saaty, 1990) ° Zhm » G A EY R B 3 iR v A
oo LAERNIARRIER B2 BT BB % N3 R L Fanp 3 iRifx

%ok AHP 9= 2% 2 2 24 h 4 P

ANP ¥_Saaty (1996)¥* Saaty and Vargas (2000) 5 7 fi#i& AHP & 3 F# & H50
ek Bl ot W PR g o T i AHP 0k s N AT I 4v4p & 3 73 (dependence) 2 w 4k
(feedback) B 7 o Saaty (1996)E Rt B HE A ZF 2 dp ko 3 PEM G 7
PR FEFALYT LR R BAFLER AT LS BES B
B A AR R o et T R PR 5 AHP K Y BRI A 2 BV A2

|

L=

RS R R MR WA AL o TP o ANP ¢ A E R B X EALT
L BARK > JEIR T 4% chs s o 4 ! Taslicali and Ercan (2006) ~ Gencer and Gurpinar
(2007) ~ Voulgaridou % (2009) ~ Jung and Seo (2010)%# Tseng (2011)% - 4345 Chung

#(2005)F L 4g 11 0 ANP el AR A7 & F T B > A o™ o
HAp1e 32 A B

ERCRRE S 2 2R N N sl R R S S A
FA-RRAH AR F PR Ko ER o AT EFEAER

-3 2Bk RASKI PG 10 =+ (Parente and Anderson-Parente,
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1987) o i ALA g4 ? o 1% i B35 (loop arcs) & H ~ A v & S 5 0 M4

TR B KUBM o 2 e A 5 o] 2 A o

2k

> B 1&(Goal) —»  FEHBAS) e REENC)

B 2. B ARA Sfh o 4p ik 4 )

Fig. 2. Target level dimensions dependencies feedback

UL PERERE S L O 2L

FRIHARFEW(E QER AN L » 70 F R SRR o e 3t
B i A R R i B e £ 0 TR (7 - PR T o 1995 Saaty (1980)4,
B hARR A EcEE T S Z A - R 1+ 4p #%(Consistency Index, C.I)¥2 g 4845 1%
(Random Index, R.I)&t &) » F % — 32+ &(Consistency Ratio, C.R.) » 4= 2 54 (1)

% (2)%7 o % CR.E/] > 0.1 0 B - R R R 4 43 o
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Cl= (Amax -n)/(n—-1) (1)

CR=C.I./R.I )

He

Amax % 7 e 2 FHCE N 4 7 3B 2 P BoRL S 325 48 e g g 1B o

HI3FE LR E

RoEtdd S BIEL R LA S o F - BIELhE S Ld 2 e

Bl B TR FEL 2 BEE > AR SARREL  AHFAR B3
BE - paedap g > - BELE AR ERET EN 1 R b fileed

M' (Unweight Supermatrix) ©
W4 A T

ANP thig a6 F 5 4R ¢ 7 = B » A w L A ffiged M
(unweighted supermatrix) ~ 4v {4z %62 M (wighted supermatrix) ~ &2 it 4z &L M*
(limit supermatrix) - M'% & *v f#(unweighted)s4= # 4B > B P chiF B3 fr7 &
1 A 28 A4S (column- stochastic)z. i B o #7012 » & T S EAF TAMES 4o 1Y
ko T E O {F e A 5L (weighted supermatrix) 0 02 M £ 7T e %ﬁﬁ BaRUS ¥ g
f A 1 s (limiting) B4z » 8% 2 8 (3) > Mt AR M e i 18 k =
ik FAapEATaniE) TE EIHEFMAZEE MF o M*E - BT atei& LB RF

T RKEE LR ZF 2 4p 8 £ B (Saaty, 1996) ©
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M* = lim_ M¥ ; K € % 3)

Rl 5?ﬁ”*%ﬂﬁ%¢mmkﬁm’%ar$ﬂwﬁb4@¢ £ o
BLRLEAF > LA AFRKEPOPLEALF > 7 F ARy FARFNLY
iP5 o

W gl A MR 2 RN G L E PR DEE FRTE - A Y

4l 3 B S 7% (NASA) R 4o 45 28 it > 518 DEA BB a4 >

2 # G Flak L FElic o B0 RAE (T o 00 DEA B2 % B F) SR B RS

KPRy 0 A R EF BN F) S E R R AR 2 22
P

]

h kA o~ LB 0 T AFTFiE— % ¥ Chung % (2005) AN

I=q

Bh 2 GEEE MR R TR AR Sk

S
5!

& mor 2 E(TM)

TM d = v = — (Dr. Taguchi Genichi){% X *+ 1950 & &7 BB % 15 % > 2003 %
3 AR A TR S A R AT KA 0 RIEFIFF 2 B R RSP
i % i enE 2 4 (Orthogonal Arrays, OA) - # RIZE & R ER 7| & > F]5F 3R
v ARFIH AT EE > B SR FTERZINA B £ TM & F 354 7
FERE2 EE CE AL RE IR 2L A Sk BFHEZE SN

W2 i X7 Ip ek
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Ji

CEHTIE SRR E R RRT R MR IF]S 0 5k

WokATF HiE 2 BN R FRATEG R e i:@,ﬁjp\’“ﬂgw’? J& * DEA ~
ANP % 7 " %(Kaom Ishikawa)# ! e3F 14 & ) B (cause and effect diagrams) &

i ) R

ERAZ2ped B A AT 2 f(Latin Squares)siigk A BRI K e F)

e

WA E 2 o HIRBE AT R Rk e TG A f g 3
FAERFRDBRA B0 GIREREIFF PPN E L 0

La(b®) # 354 7

L4 = faenz o

a: @ik &’»Y{Fiﬁé}m I ek R pTE R
b:EAHET Y ek Fa 4 Fee B AR vk
C:ERANfFd: » PARRT 3 g FF B

B 2 T i T balance) 2 4 df(separable) o R F Lok Eenke &k 7
b2 MR HE LA S EAAT LA 4 PHAGLS A

il

FEITMEAN > FZIEERT Tron o1 277 18ME & - A&

HFTHREE 24 o

RIEH 2 vk P FFRE T FAFRIIEY  BH Y R & g

gy

ERF P AAEEPRACE AR I FREE Y o n v L A ERE
B fyH2 S gty o v d SIN W2 dg B UK ek B g s B
Bltom 27 Nz BIRNF]F S P 0 2 F 2 = ﬁiﬁf’ﬁﬂij {E%

EEP TG LI A T R B AR SIN Mz o R
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pas
[}

é_i ’ T' ‘Ef’f EFIQFéI%E l%l\’pﬂ. pFW{?’ ir} 2

e A Sl EFRFR ST AT FRARZ v v Bl e Taess il A

&éﬂ&%%%ﬁQ%&ﬁﬁi’@%égﬁﬁip#§$ﬁﬁioJ4%

RRETRZIHEE S Rnff4 5% o0 v E LR Fami £

A4

A BRI SR S ket (@) A

FT

£

L(y) = k(y —m)? (4)

A
k=p

Gri R sy AR A SR AR m A B RE A k LS G
(quality loss coefficient) » # ¢ A Z BB & {3+ & AL 7 2L R (F3F

MAR) FASPEPREF FALF Ay A REm RHEL 45 -

T ~SIN 2 -t 1995 Taguchi(1987)% Taguci(1991)dp & » SIN v+ & 5 esa
(signal to noise)'* E @ AL > - A% KRFE SFOAFER > BT L &
BF oM oSIN AR AT EFHRAG SN K 27 BFH
Lg% oSN 2 dih o R A SfE RPHEERME A T R A 2
;% (additive models) » 13 A F-F efrE 2 BR o SNV L B B3 8% &
40 F B EFAIFF Ak 0 TR B A K2R SIN W T &
F AAISIN P AISIN 2 P ASINW Z e d 3t AT 95 Eend

L a0 B A A SN 2 R e 2 X (54
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S/N = —10log |1 31, |dB (2 * 21 & ) )

Ao G B TM ek kB i e T

%’951? 1372 @% 46 EFHFFELE T FENL -

AR LIRS

Table 1. Control factors and levels
gk kE 1 % ) ki3
1+ A Ay As As
%1+ B B B, B;
¥+ C O] C, Cs
F1+ D D, D, Ds

B2 HUETIF SRS N £ 0T LA ek 2)0 X R R MR

% F i SIN VT o



%2, Lo(3YE 2 sk %

Table 2. Experiment results by Lo(3*) orthogonal matrix

o s L 2

A B C D Yy Y» Y5 S/N(B)
1 1 1 1 1 A A A SN
2 1 2 2 2 Bl By By SN
3 1 3 3 3 Ci C G SN
4 2 1 2 3 D D, Dy SN
5 2 2 3 1 E. E E; SINs
6 2 3 1 2 F, F  F3 SN
7 3 1 3 2 G G G; SN
8 3 2 1 3 H Hy  Hy SN
9 3 3 2 1 I I l; SNy

L FHPECLENE S EREE L SR R S TS L& S
L > FRLG S O RREEGL > AFRFFIFHSINGF 4
BoETAYE  BF 0 RLRRFT LEDT SN By g WS S
Pk Bl 0 4oB] 3 0T o Bets o RSB 3 ¢ i SIN W E R hF) S R E

fOEE BTG R EE S
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# 3. KPFTFFHSN W F L

Table 3. The reaction of designed factors to S/N Ratio

k2 A B C D
k] Ay B Ci D,
’J\LE 2 A, B, C, D,
k3 As B; Cs Ds
2% T2 I S %%k ¢ 2% p
2 E EE A 2E g #E 2Ep

14

12

g oy \ / i

—— \ / v N

6 /

4

2

0 1 L 1

Al A2 A3 Bl B2 B3 g 0 O DI D2 D3

Fig. 3. Main effects plot for S/N ratio
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H AR TR BARERGOTF)F kB LR RFTREE J BT R

SIN v& 5 3% 3538 SIN W FE RIS o 4r 2 38(6) 0 TP B £ F] 3 ok & 11 SIN
oo il SN AERlE s Hs ki £ X > Ao ok e S G R

o FARR| BB E E L BT A 95%T #F T B (enfidence interval, CI)2
Podea (7)) RSk 0 SR L G 2 P BRIV g R

T REAT FIF 2B G AFILI Y BRI T R

SNV RIS =7 + A=)+ By =)+ (Ce—= ) + o= (No = 77)

=A;+ B+ Cp + o +N,—(n—1)7g (6)

St
pr

A A TS5 inboik kB SIN W B 7 B F] 5 b ok SIN O 5 Cde
% C F|F b KB SIN W o Ny 7 NF|5 b K BES/NE ooon 4 7 90

,‘r
Pl ehF+ Blic p& T arF SIN W ehT e .

Cl=+ fN—+—><T(1—a%, dof) (7)
p

He o,

Ny 7 SFRI B A Be o Nod 7 385 1% A% > S 2 7 BB £ > dof & 7

d & 0 a%% T 3 #F -k % (confidence level) -
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Frtaz o oarBIRIAFDOEFTFLAFE S BiFEE - ERFTHFPE2L S
h: 45}] 45} P - AR EROToEs pRE- ke F > TM Sk 2241 % SIN
VeER B PO TERI NN A 1T 5 1 Bi(signal) 0 # T IER| R4 1T 5 S22 (noise) > iE SR

P R RE B LR o e > R MR S T AR e

AT g - FREFORTER R 0 2 HF UG ] PERAR AR A S RES I
For it d ZP O F ST AIREE T ATE R IRE - F 0 & * DEA
ANP % $F M & FIR & 4] F1F & R8> oo Wil TM iz > 35 DA i

BEREE ST LG SHREE -

u—.z;‘: ’J“‘é,’—
73\"7‘lf§£ﬂ‘7"’722{1ﬂ\£ z‘giilip)\fg%& %’I‘l/""}’g_i A\:]E;é]

T RFEIF o F A NEA S H % Y DEAFEFBAEL > RREBBEHETF

PEE TM S50 RERRL bl o £ 2 HREPELRF 2 2

AEAFZ - o BRFAE PR AFTEERRLBHEERE N RE D
9o

H O~ 602 DMAIC A2 » 2= = 22 5% » g 2

SERY e d SBS BEB SR D ADMM o AIE R L F ok feis
SE R BT ANP HEE R EERBE B EFS 0 BB TMS Hh s £

BEot ¥z ivs ;I;}TQ%*I;I—;E Hi1l B oo »ﬁ Mo\ Eeap) § 0 ol 4 957 o
=
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&
KPR FREENL L g
TE R FRS KA fe B L
7
EH R BB GEE B R %
J ="
e
TR FRETE ik
d
\4
AR s
BEHFEE TR
PT L
Z
DF# ¢ £OF 7FF (Orknr e
AT (S 1952 (F]1 5 #& %
Vb
Heyg I FE ) P h PEERE) fEE
M A B Sk
uor o
it TR E

£
BRARE TR AR E A

B4 2P REERR 2R HSF

Fig. 4. The assessment mode of indoor healthy environments
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$2F% RTPFHRRZOMZHETCIBRAZIARERBELT

I

AE BT S0 Bt DEA Y TM EP e fob el » B2 5

FHB R FREF o WP 4o ¢ (Chenetal., 2010b)

*)
|
9
e
&l

oA E SR AR K AR g ] o W AP A R S ?fﬁa’%mﬂ%@ > Davison and
Neale (1990)# T 325 > x> F % - EH2Z P RF¥FIEgeivirk o @ 3 RDE
PHWERTIME YR FRALAFEY > A BERTEY a4
(Williams and Powers, 1991) « % 2 f5 4w s> - S g F 0 1 0 %57 b g P30
ER oo 4 KRR BB AR etk R TR AT AR o AR AT
iR AR B ﬁ%{i R AE R ORE o TLREE T FR - SRS e
2 L RERFATEESNTF c Fla g BRTOFEREYRE AN EMELR
1 f i (negative mood) 4B AE ~ Em - BE 402 &% ¥ (Atienza et al,,
2001) » Tae R FER I RE{LREE R I X ekt Eakd ¥ 25

£4

245 Abbriti and Muzi(1995)5%= 3 » ik eh g ¥ » & X 55 80% —90%

R
BRLARPAREY 1o RPAREY 255 PRAT & L5 hent 20
CEBFWAESTAAENSF R EER I MAR AR 2R 1 0F

a2 B w34 JT— «»;—,»‘_,,/,,,w,o
P RAL R NP LS A o

Dijkstra % (2008)£2? Honeyman (1992)F 3 #F > FAA S ¥ RB i &7

FlEMzFOH FIHEERIE RS c A HF AR I DA AT

AT B R IR B R BB T R s g
(Chang and Chen, 2005)> ¥ % f st J3:cd A P a 2544 K i (Talbott et al., 1976)
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% £ g8 7§ (Ulrich, 1984) -

S R E T DEA EBT

MR 0 B TM 35k SR 2

ERE R 308 -SRI - SR PRS- St
SEEMEY Bt 1T - RGN Al - B - Ak AT B

S T TR RAFAR O B A A FER R AR

AR AR R R RE 0 AP B LA ARET o R TR R
T35 0 3 A AR Bk o B G B RARBEREY > § 4R B (X)L E L b3 4o pF
AN RE A FIP L CCRI N o i 217874 H o8N 58
2 A& IE e 5 (8)4 T ¢

CCR 4 » F 45 (3 5%) 12

Ek:MaX r=r

(8)

Eit 3 k @545 efp $905 5 (% 328 = DMU 2 4p $25 5% &)
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Y % kBELYr BADE
Xk % kBSOS AP E
U Rk BRESOSr BANEDREE
Vi Sk BEPOEI BHEr BheBE
€1 — & Al #ie (Bt i 25P A F 48 # 0 non-Archinidean quantity & ¢
JHEL TR A ERYEEASA AL 00 F FR 107781070

ZiE- FFER T L5 o)

K P @5 DEA & RA DNEH gt E > Yoo Xis Yy X = @ ardice
AN T A LR E (DMU) A R anfE k¢ > B EERG Il B E(T v,
U)o A H e E By bkt o A RE chife F X #— B EE - DMU
P B AT P RSB T NZ &40 DMU &5 Jlenfgie » k5 N

2 (vi,uy) °

F R F RN L - A B3 605 (Fractional Programming, FP) » 5 244
B0 KfRE 2 F E oo Fpt Kz % 5 AU RF 08 (Linear Programming, LP) & f% >
e 2 PIL N0 Xy = 1P U] R A BORFIECS 0§ m U5 B e iR ahiiR g

4 > P| Input-Oriented CCR Model > 4v 2 55 (9) #7577

m )
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(DA Ar P e el e SR AR ERE L 1 AN
S s B2 A o B A I BT o d 3TN (9) ST Bl S R B
Boo F o VR AU SUEARBI iR IR o K- S (9) B = $ 8 05 (duality) o
el M HCAMS 0 F Ao ArE— 0@ 24555 (envelopment form) o Pt 1% A A 2

X(10)#r7

Ming,/l 0 (10)
ST. Yo AYrk = Yo

Qxik = Z’I§=1 AkXik

A-=0
k=12,........ K
r=12,....... ,R
1=1,2,....... I
He

0: A% DMU erfp x5 B 5 At R & 2L B E o

bod 49555 04 A~Fen6 B DMUs» A B EF 2B~ o 1 BAD « 21§
Lol F s AN EBEETE 1o R DMUA #wed e CCR # » 5 38 » §%w, >

vy U g TR BA NI E 3 E S NP T

30



1042 B Aol B A D)

Table 4. Example of 2 Inputs and 1 Output

DMU A B C D F
x1 7 4 8 4 10
F
x2 3 3 1 2 1
A4 y 1 1 1 1 1
Max 6 = u

ST. Tv+3v,=1

u=7v+3v, (A) pu=4v,3v, (B)
u=8v;+lv, (C) pu=4v,+2v, (D)
u=2v+4v, (E) u=10v;+tv, (F)
v, =20>v,20°u=0

g EE RO G2

ek

o

H= o #0013 (48 S8 Boyig a5 > A%
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Ming,/l 7]
ST. —3A4—3—1Ac—2Ap—4Ag—115 + 36 = 0
— T Ay —4Ag—8Ac—4Ap—21g—10As + 76 = 0

AatAg+Ac+HAp+Ag+Ap = 1
2;=>0(=ABCDEF) ;0: & | (FIX™, v, Xy =1 L2525 X2

A

BN B 2 20, %=0.0526 0 1,°=0.2105 > u*=0.6316 > 6*=0.6316 - P & 3 ¥
7 A e CCR-efficiency £_0.6316 = % 5= DMUA &4 » 5 > 4ei5-] 0.6316 &

LA S i E T

%328 = DMU fp >0 2 287> 20 < 1,j Bl CCR % » £ 7 F $ivi

PR s B 0=1 P A7 E G o 2B o

%% DEA-CCR # > oV 8F a7 Bishg %k > P § IR 7 B
DMU Fe FEAp 5 22 52 & izt § 2c2. DMU> 47 % 18— 3 B 2700 i o
% 5 A4 4 — 4% 5 0 Andersen and Petersen(1993) # 11 CRS 4 »%t I #if 3¢
(super-efficiency model) » * ** f2;d-»x 5w s b & DMU 4p $+ 3 sxenifp L8 B BF 38 5
F PF» J&* DEA super-efficiency -3¢ % %] extreme efficient DMUs (Thrall, 1996) -

3 B Input-Oriented CRS super-efficiency DEA 3% 4e 2> 38 (11)#777 :

Min gsuper (11)
S.T. Z?=1 /1]xl] < H.S‘uperxio i:1,2,...,1’1;
j#0
Z‘{l:lljyrj > Yro rzlaza"'as;
j#0
420 0.
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BRI g 2 2V LR hoonF T L DMU B R AL 3 A

O 2RO WP DT R § A2 F I %o Fpt 0 5 DMU 4o
PrBEAENFDELF > A G eF DMU eh i &7 @ 7 133 DMU » 3248
A e11 SE-CCR #-5 \,1*2 i A A4g 2 2 (Seiford and Zhu, 1999) e @ 2 F7 7 ¢ K~

BEANEET SR ODMU f&° 4 A¢ 7443 DMU > F > A7 #-1
2 Andersen and Peterson(1993)#% #1 enl Az 3¢ | S ey 1 2 > W% § DEA

ﬁ:i\: O WA 4o

PHEGBF R ERFEFTFL I ADCELE ST AR
Ao RS OB RS G FE T F oA 10T F o F RS 7 8 F(NASA)
Wolverton(1997)» i B E 2 5 chfed > BEH 3 RF B 54
Tl BRFEARCRATRRS U VSRS FAUEY F R e FERE - 4
TEA® > ATELZF RS 2 FRE g o3 Mize Bdpthar o o fied

BN

- N EILVE %ﬁ;}ﬂﬁ’x.g‘ Feng RN RB O o & T o dhi
FECSE RS G R EEEE RN £ N EI T RN S S
IR R e m Y §BER L TF Rk F P oho § O X BT e

Pk e et B ST AT s X R R B e
FJ#}% Wolverton(1997)£ﬂi“#la Lo GRBEISNAETNTFZ ﬁ;{i S

ERZF AT 50%~60% °

SoERFIRIIPRBEEIIREDIEING - ERF M EF AL L DL

EEPER S RBRIRR 2 EBRB AP R IR AR



H3F A 43 end £ (;{_ 2010) ?-F' ﬁ(;é;\,(;ﬂip\ _2;;} g o F]p "“‘i‘“?

P R4S B YR

It

SR SIS E RS G A SRR S FR Y  F R RS
MRS F o KR 2 A E L B R Fend £ A dlHE 3 g
Foo PSS R G F Y I P K L E S TR
FIRINES o d AT F AR M2 F A S R R B B A
R TER e - R g TS DAY A 2 g RS
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Table 5. Source data of NASA assessed plants

DMU(% =¥ iz) Input Output
P L R X1 X2 X3 X4 Y
?opd A A A Dracaena fragrans 'Massangeana' 8 7 8 7 )
SAEL I Dracaena marginata 6 7 8 7 7.0
TR B Sansevieria trifasciata 3 10 10 2 6.3
¥ 3 Chrysalidocarpus lutescens 8 8 8 10 8.5
Bz Rhapis excelsa 7 9 10 8 8.5
BRC: BE Chamaedorea seifrizii 9 8 8 9 8.4
L AL CRE R § Phoenix roebelenii 9 7 8 7 7.8
A0 75 RS Chamaedorea elegans 4 8 8 7 6.6
v g Spathiphyllum spp. 8 7 7 8 7.5
T EH Epipremnum aureum 5 10 8 7 7.5
£ 5= Syngonium podophyllum 4 9 8 7 7.0
HEERE Dieffenbachia'Exotica Compacta’ 7 8 6 7 6.8
v ERE Dieffenbachia'Camilla 5 7 6 7 6.2
SR AR I Philodendron selloum 3 8 8 6 6.3
I A Philodendron oxycardium 4 9 9 4 6.3
Hgde et % Aglaonema 'Silver Queen' 4 6 5 6 5.3
L g Anthurium andraeanum 3 5 6 7 5.3
B R B AT Ficus robusta 9 9 8 7 8.0
e Ficus benjamina 8 6 6 6 6.5
5% Hedera helix 9 8 8 7 7.8
PR S Schefflera actinophylla 8 8 4 7 6.5
AL TR Nephrolepis exaltata ‘Bostoniensis’ 9 4 8 9 7.5
BETRE Nephrolepis obliterata 9 4 8 9 7.4
EIN Chrysanthemum morifolium 9 4 8 8 7.4
P Gerbera jamesonii 9 4 8 8 7.3
FanE Maranta leuconeura “Kerchoviana' 3 6 8 7 6.0
g HE Calathea makoyana 5 4 6 6 5.0
P Liriope spicata 7 4 6 5 5.5
vz fh jF Chlorophytum comosum 'Vittatum' 6 6 5 5 5.4
T AL B Dendrobium sp. 7 4 6 5 5.5
LU Phalaenopsis sp. 3 5 7 3 4.5
BEA Codiaeum variegatum pictum 3 6 8 5 5.3
T ukis Euphorbia pulcherrima 3 5 7 5 5.1
Bl Aloe barbandensis 2 8 8 2 5.0
(A Tulipa gesneriana 7 4 5 3 4.7
BHRAE Begonia hiemalis 4 6 8 7 6.3
| E @ EA Araucaria heterophylla 2 7 9 6 6.2
Lo Schlumbergera bridgesii 3 9 8 3 5.8
EERES 3N 2 Rhododendron simsii "Compacta” 6 4 5 5 5.1
g Rk Cyclamen persicum 3 5 6 5 4.8
£ &7 Kalanchoe blossfeldiana 2 7 7 2 4.5
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# ¥ * Input-Oriented CCR Model 3+ & 1 e - - B4 A » 5 L=
FREPIFESEL D ATBEERLFELINZF DR 2HFGTCF 5t
-~ ffE 4 5 ¢ L & fF(Sansevieria trifasciata) ~ & #%+ (Chrysalidocarpus lutescens) -
+ 4 % (Epipremnum aureum) ~ % (Syngonium podophyllum) ~ 33 2 & % &
(Philodendron selloum) ~ 42 & #e ## % (Aglaonema 'Silver Queen') ~ X &g 7= (Anthurium
andraeanum) ~ =43 (Ficus benjamina) ~ ;£ i+ »g%r  (Schefflera actinophylla) ~ j& 2 #g
% i (Nephrolepis exaltata ‘Bostoniensis’) ~ #~ = (Chrysanthemum morifolium) ~ e &7
(Phalaenopsis sp.) ~ ji % (Aloe barbandensis) ~ # £ 4 (Tulipa gesneriana) ~ -] ¥ 5 ¥
1, (Araucaria heterophylla) ~ #% & jF (Schlumbergera bridgesii) 2 @ ¥ # F§
(Rhododendron simsii "Compacta™) - H 4= + w fafg £ i B39 3 1> & 5 %

R R EF R R R b

FFEJ Super-SBM H-AiE— ) & MppH S R Lww Ao o A w5
/& vg#r A (Schefflera actinophylla) ~ /|- # & ¥4/ (Araucaria heterophylla) ~ 7 & #F
(Sansevieria trifasciata) 4 2 # £ 4 (Tulipa gesneriana) - iz= fife £ d *+ & 5 F & it

ER N B EE N P e S SR MR e F % o

R bt o frenig s > DB ER L FIRGF R EILE > 5 RN g A ]
Ee it Lek WEAv AEFENLEFP 2§ DR 2HFEIFE S > 4ol
et BB EHFRT > BREFREYRBDZIPZFEE SR 50k > F7]{
£ R 2 TS o 1395 Ross (1988)¢7 Taguchi (1990):7#7 3 4 &) » TM & 3825 oh
SRRk Rl 1R LR dlFT ok Eandep » E Y @ nE 2 Ao
oL SN W FRRFEL S ECRITIEY o TR RN ARMS A BE
FRAE S RHRTEDOTRT > HASSTE R REEETER - Fpt 0 S 7
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Table 6. T Table of control factors and levels of Taguchi method

=3 K KD k3 it 4
B BB ERHPER 1:F 2% 3:iF 4 %

AEEF B AKEFT S FP Y L@)BE 24 0@ LgE 144 £a v
BELBRIEENE 142 - ek 7)o AiEs% A B399 & 52 7p~14p 21 p ~
8P FTEOHHELY AP AFASEBUBGAFTAEEFREA LN G
LRl 9 A5 20 A (44.44%) 0 < 2 525 A (55.56%) 0 £#TIEL 2118 d 3t

$£(20006) " ARy £ & A4 f 22 2K > f £ Kaplan andKaplan (1989)#% it i i+ 3 £

Ulrich(1983) =325 f“ %6 > £ § B G AL 2R > A7 51 % LR p A A F A
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Table 7. Experiment results by L;5(4°) orthogonal matrix

T TN L
RS

A B TE AR S/N(dB)
1 1 1 3.719 11.4085
2 1 2 3.734 11.4435
3 1 3 3.753 11.4876
4 1 4 3.766 11.5176
5 2 1 3.663 11.2767
6 2 2 3.687 11.3335
7 2 3 3.717 11.4039
8 2 4 3.728 11.4295
9 3 1 3.814 11.6276
10 3 2 3.825 11.6526
11 3 3 3.808 11.6139
12 3 4 3.826 11.6549
13 4 1 3.701 11.3664
14 4 2 3.674 11.3028
15 4 3 2.810 8.9741
16 4 4 2.592 8.2727
17 W 2316 7.2948
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Table 8. The reaction of designed factors to S/N Ratio

ko A B
k] 11.464 11.420
k2 11.361 11.433
k3 11.637 10.870
k4 9.979 10.719
> % 1.658 0.714
BB 1 2

N

FA 8 AT Rk A AARP TSR OIN G E R R  Bi

Hp R R R S Y > TT EEA SR L A3B AP Y RE LA G

\\Xr

Bk o BT 2 FHEPEREL LELFERELBEET AR BT R EFRF
EFBRBEOTFRERS I G E¥ &A% RESINVAERIE S 11.96
e s 11535 @ BicE oL B 5 04250 2 A 95% NG i B P2 o g4 o7 3R

Sk SEE G bR BB AT Lo

“F ¥

39



Main Effects Plot for SN ratios
Data Means

11.8
11.61
11.4 1 ¢ %
11.21

11.01
10.8

10.6 1
10.4 1

Mean of SN ratios

10.2 1
10.01

B 5. S/N +t F] 3 »x % @]

Fig. 5. Main effects plot for S/N ratio
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Fry ¥ 2 RFIMARITIPRERIEEF

A g A RERHEORTE S 6D ¥~ 602 DMAIC 480 2 * 356 ficst

VA E PR OERE SRS > X5 LY 4 o %3P 4T [ (Chenetal., 2013a)

MEEF L EORRRA  FREH B EEOIE > oA T BT

TLB AT R o fTFR N SO E AR AT (N 52N, 20132) 1993 Sigte 1 AT
# ' A+ (aging society) ;> 655 M A v kA v #7.09% 0 iE FIWHO:=3 # it A+
g e B 2 2012# K654 F A v L RAL260 4 0 ¢ E R A T Henl1.14% o
ERAETE T SRR RPEIYERERN T DHFERHE o G 12026

B0 GSE LY ATl GIRAZIE209G  EFIAH o TALR BT ALE

GOEF S ALE KT B ABALGARTIFIR © FRFTEALE F 2 PRI
BEFTL o A PRSI BRI, S o A PALRL TR R4 &
BLEATE XA nF R MR H B F 5 X AARTIH Y B L R R
AT SRS AARIERET > L 2T ARAE > e P L

7
A Tedk bk B FR TR SEEH S T 2 RRELE
EIEV

RORIEE SR B MBS A T LR E (2011) [AE 6 0 20158 23 kA
BEAERT R BESI0RE~ - HY ARIFZENE L T180HE~ -7 2

BB AL RN Z AL > BV RDT RE P EBES o

PR P FC & R (P A, 2013b) 0 ABE 4 ek G4l fiBery [ s L
Bofiy et bk 0 b b e IR E T 5 AR 0 €1986E F 70.24% » ¥ 12005

£ £6157.28% o B 1 2012F K > & A LW RAEZ X G 1,06797 0 g A4
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$57,968 4 0 B A BA3,0354 0 @ F R T42305 0 H P oo A A Bt
® g W 2009 A 403.2396 % 1.69% o ¥ ¢ Fo it 200948 7 T B RGE A
£ P52 A AEAEL - o d LT AR FIER S F A AL il
FTOREAEVSDRBL AN RSB AT REFH T L BT
A A A E o TP F I X ARERRLLERE > DT IBRIL F o hiE
BT > FX o REEEEEEOT AR 0 R EE i E S P AR

ZPEE P LA R ENR S o

T AREB, LR AR EC e PRI Gk KIRAE RAFP F 7
AR A EE A D IEIRA B LT BE R R F R R o 45
BEE Al ol iR o 2 T AL R RERE - AR AR
ZRFAE EFXRREE FFA FARBPRE L LA > R EREF DR
TR REEEA GRS OTERE > TRLE S 24 g KPP R 7
o dEd B AR BREBECY R R R B R A R A
REEENE S S A RS XD F RS BR o 23 ERNEIMEESR
Eowmhho  » PR HARLTRBREZER T 5T Lo Fpt o A7 RE 60

2 DMAIC™ 2 » me = % & LB SR T H 8 5w

~F 3 J& * Kaplan and Kaplan(1989) c7#4 sc i it # (functional-evolutionary
theory) » 12 % Ulrich(1983) 7 32 7 it 3 (psycho-evolutionary theory) = 7 £ 3% 3+ Mg
BEBREEAEE L > SEHung% 2003) s 3 B T rm et B > &M
SR I RIEESREFELE BT SE THRL IR, AT E A HE
ERAEBHEEESRET 2 BL LR FF > D TMS D32 itk SRy E
Brx2 bt o Bt > E 4R (F % 42 5 (Standard Operating Procedure, SOP)

FHELREFRER - g2 A REPHEL L4 o
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Kaplan and Kaplan(1989)# Ulrich(1983) » 324 5k 12w 32 5 (g gh - 4531 A 5F
PP REBEDIE B B fr A PTRE Y SF R AR LT g E AL
BT e A RRd g ARIA R A o E R F e TR
iR e F iR IR A e Y RN LR RLERS AT
Eapeho @ R4 G et 2 G RADME > FEd - KPR AV R e

2002) o &L * g FRIRE L FE o ;;g,_jg gu;?/\;;F]f;)g*%,u;g]_;}ﬁg«fr;ﬁ\:gﬁ@ﬂz o

AL SBRE A R R SRR ST 0 & 2 & & Kaplan and Kaplan
(1989)#2 Ulrich(1983) =32 34, » % 4 PeHartig % (1996) ~ Laumann % (2001) ~ Purcell %
(2001) e (2002)57?,‘3.:&]. P F AR (AT Y o 3 ¥ > g Parasuraman % (1985 1988 ;
HMWWiﬁﬂ»@%mﬁ%?*ﬁ?%é@%iﬁ%mﬂﬁﬂﬁéﬁﬁﬁi
BHEBOFER L AR TCRLR)RGEE - XY o o it > K3 T i
BERELEALEESL j°o A% 31 R PurcellZQ00D)E £ » £ EEFHEP -
LI RGREBAE > FEYEPEIEANEL AT A LD R Sd R
¥apl2. B RE»R A~ 17 £4LR &% & & 2 Cronbach’s aig 4 %] 5 0.959£20.956 ;
EARREEBRLAZKMOER A% 2062982072 P ¥ 2523 3 REB %
Boo Ft o Z gl - BHERE- Lo BRI L TRESENEAEEL 4
£ 99T o FEIATER % AREBHESYRBELEEFR > R EYRASTERA

g = S

poeh s RH R R REBER T 02 T N B A E AT I DY
B ORFEDBLDREIRYFA R X E CHTAREBR LY RS

EREROBRREEMR o §F A AI00%PE - AT EEA R 2BR AT

43



R A RERE TR EERE SRAIRIE A 0% AT AL T 2T R
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Table 9. The scale of healthy stress relief questionnaires

% 1 R SRR IE TR ARALAR
B L PRV REAT BRI o 71.0 68.2
Being away 2. AT LR A TR X RS 65.3 72.4
3. M BRBVREE X ZENIZOTN 69.6 75.0
4, BV F AR LT R Z TE 75.5 72.6
50 B BRBEAT AL ATERENT o 754 71.2
- R 6. S IRE R WA LA - 3.5 611
Coherence 7. TR O T E B E SR et A o 70.2 64.3
8. et (xF 2 FREF G A Feho 67.9 67.1
9. L%%E—’_ﬁ?ﬁ“fi%‘ﬁg’ﬁiiié i E o 65.3 68.7
F 1005 TR 5 % F R a2 [ A enfgde o 706 643
Scope ILLARBHAFNTEAE RN G 5 o 70.1 69.6
12.:2 B IR B 2 S fEm 65.7 67.4
I3 AL G a4 pAAE - e R o 2.7 64.7
L 14,00 T 5 2 5 44 o 70.1 65.1
fascination 150 B84 chE Filde N mBiEo 66.7 68.7
16.:2Fk B eg A2 2 a4 0w o 66.4 65.0
1752425 3% 5 ¢ ) /%F BT e oo 69.3 63.7
1&%m_&*@$ w54 AEE N e 669 648
A0 F 19,00 B 5 (% b Pkll— *\tlFmi oo 65.5 62.8
compatibility =~ 20. A ¥ 2 LA P B4 LB e 66.9 63.3
PARREY mﬁgvlwk\tlfmi 65.2 60.2
22. A AT RE 5 ISR R o 64.5 66.4
235483 9‘\%5'?9@\?% ° 64.3 39.9
% 2454 F Bk AR 763 586
Preference SN BT BREBELE B2 o 67.9 65.1
HER 205 A AP E P S o 63.8 68.1
Familiarity

44



dNE PR RED YT 2L L RARRG - R TR b SRR ST
BEEESRZIRFELAELAMAE IS €F 7145 o BR X 2L HiS
Horit i B SRR L AR X 5 420 0 3] 1 %5 % #ico 1345 Johnson(1999)
ST A 2 A EREAT 08 1 2B ¥ ¢ RIS * dk(a, B) 5 Beta 18
Afe e Tl AT SRR S ST HBEOTREEESRE LSRR
EWREE SR HBROTREER SR OEMRA 0 S L 9 LR

LE T &R R IEE LARR IR o2 S (12)e(13) 97

_ aSi_BSi

Si T as;+Bs; (B L5 AI;}P %) (12)
I, = EPE (R kg 1) (13)

L aEi+ﬁEi

Boi=1,n" ag® B s i WABLEAFO* W EH o ag 2 P b i WA
TAAEAfet WA HER AT 0 FRL RS REFE L L, >0 T
as, > P, HWFAREHBAG(BOT AL GHHFR) 27 TIDKLAF P
BER TR TR R EESRE IS 3 B L R e iRl < 0P
Tag, <Ps, 0 BWF AR LHAF(BOF BAGHR) 27 T5% LA §
BUBAAE THIHBHRCREECESRRIZAL - ¥ BALAIRFERE
Is, = 0F% » Trag, = Bs, > A S0 pepr #HfEs G(H 6 7 CAffHn) &7 55

BARBETEZRLARE G- THEEHPBRTREEESRE PIH L -
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Fig. 6. Probability distribution of satisfaction
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Fig. 7. Healthy stress relief performance evaluation matrix
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Fig. 8. Diagram of probability distributions of expectation and satisfaction
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Fig. 9. Diagram of low expectation distribution vs. high satisfaction distribution
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Fig. 11. The healthy stress relief performance evaluation matrix of nursing
and caring institutions.
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ElEE &EE 6 0 A7 1245 Chen %ﬁ(2010b)%3§r} DEA $:EZ 3] 7§ it
A g ahmor L4 o & w5 R vgur A (Schefflera actinophylla) ~ o £ & ¥ 42
(Araucaria heterophylla) ~ 7 % #F (Sansevieria trifasciata) ™4 2 # % % (Tulipa
gesneriana) » 175 %A X A REPEEE SRR DL - HD A 6 0 T 5
QOO Hp 2 fig s+ Z Bt PHERB Iw e LHE > A8 EREYH Y
(Anthemis nobilis)80% ~ }2- % & £ ¥ (Salvia sclarea)70%~ 3= #& ¥ (Citruus aurantium)50
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Rl M p EPochd p & Bl 5 T Mozart-Serenade No.13 for Strings in G major | ~ "You
CanCallMe Al T Z T w4 fo T E -k o BF o #peg Danfg £~

SEAZFRI R DRI IAREPPERE SRR G E -

AR IIECE AR Sl AR TMGE R E SRR R
HREFRZF R EHHIFFEH LEGrd 10 BHESSE-H R

e R eh i flice s RIFIRIAEZP RERRSTL S o

%\'10.9‘—"—5/;‘*’0 r‘]'*J\—gT\

Table 10. Table of control factors and levels of Taguchi method

F1+ kAL k2 ki3 k4
A EREE B v A I E e ki A
B i g BAAY PRy SRE REEF
C 5 & v v # mERE BRI E

ARG Z B4 KETF 0 T Lig(@)E 2 A o A% 100 £ 7
PAPIT 19T AR RXAREPE 2 mEELREFREAE o 2E

GG £ P T AL 24 4 (46.15%) 0+ 2 5 28 4 (53.85%) £ T 5L 65.76 ¢

BAELIT 20060 BARAE LA VR ) K LR AH T Likert i1 5

0

$RE 0 BFTHRLAAANE LY o
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Table 11. Experiment results by L;4(4°) orthogonal matrix

P SR T *
R R

A B LB LR S/N(dB)
1 1 1 3.6901 11.3408
2 1 2 3.4596 10.7805
3 1 3 3.3755 10.5668
4 1 4 3.2621 10.2699
5 2 1 3.5070 10.8987
6 2 2 3.4354 10.7195
7 2 3 3.8741 11.7634
8 2 4 3.3656 10.5412
9 3 1 3.9353 11.8996
10 3 2 3.8957 11.8117
11 3 3 3.8533 11.7167
12 3 4 3.8280 11.6594
13 4 1 3.7589 11.5012
14 4 2 3.2750 10.3042
15 4 3 3.5807 11.0794
16 4 4 3.6946 113513
17 T 2.8731 9.1671
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Table 12. The reaction of designed factors to S/N Ratio

k2 A B C
k] 10.740 11.410 11.283
k2 10.982 10.900 11.106
k3 11.772 11.284 10.830
kI 4 11.066 10.967 11.344
re % 1.032 0.510 0.514
PR 1 3 2
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Fig. 14. Main effects plot for S/N ratios
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Table 13. Relative position of each sub-matrix in the supermatrix

P FE A $4E 2 B

S D

BEAFLRELN(E QP FETS EH5 g, @ 5 641887 CR.E 5
0.0675 » 4o 14 577 o b Hd gy i 5 7.0456 » CRUE 5 0.0058 » 4o 15
T BB ey B 5 7.5953 0 CRE 5 0.07527 4o & 16 %777 - B4 & 45 C.R.

a2 0.1 Biw kAT Y AR F K- REBAR o

14, F 4G 2 S AR

Table 14. Paired comparison matrix of the dimension of music

will wi2 wi3 w14 w15 wle fEE W
will 0.96 0.69 1.09 0.66 0.59 0.72 0.117
wil2 1.33 0.95 1.57 0.94 1.26 0.63 0.166
wi3 0.68 0.42 0.80 0.26 0.27 0.10 0.063
wl4 1.71 1.27 243 1.26 1.84 1.66 0.253
w15 1.28 043 1.72 0.30 0.67 0.51 0.122
wlé6 1.69 1.83 3.72 1.09 1.54 1.35 0.279

Amax = 6.4188 CR=0.0675 CI=0.0838
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Table 15. Paired comparison matrix of the dimension of essential oils

w21 w22 w23 w24 w25 w26 w27 - EEW
w21 0.44 0.51 0.75 0.77 1.43 1.33 0.91 0.105
w22 0.67 1.00 0.12 0.40 0.84 0.50 0.73 0.073
w23 0.32 0.71 1.00 0.73 1.32 0.57 0.38 0.086
w24 0.83 0.68 0.65 1.08 1.83 1.65 1.17 0.135
w25 1.97 1.98 1.88 2.19 2.62 2.31 2.27 0.260
W26 1.35 1.30 1.37 1.53 2.36 1.89 1.59 0.195
w27 0.93 0.75 0.97 1.15 1.78 1.67 1.25 0.145

Amax = 7.0456 CR=0.0058 CI=0.0076

16, E 4G 2 St AR
Table 16. Paired comparison matrix of the dimension of plants

w31 w32 w33 w34 w35 w36 w37  EEW
w31 0.59 0.41 0.63 0.83 0.56 0.61 091 0.077
w32 0.50 0.35 0.32 0.75 1.50 1.32 0.84 0.095
w33 0.35 0.30 0.37 0.53 0.57 0.89 1.31 0.074
w34 1.53 2.48 1.86 1.86 3.36 2.70 2.00 0.270
w35 0.11 0.12 0.26 0.57 0.76 0.99 1.05 0.066
w36 0.46 0.42 0.76 1.45 3.56 1.80 1.10 0.163
w37 0.96 1.45 1.85 2.13 3.20 2.86 2.46 0.255

Amax = 7.5953 CR =0.0752 CI=0.0992
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Table 17. Unweighted supermatrix M' of each elements’ interdependencies

iy
4

#e S wll wi2 wi3 wid wis wie w2l w22 w23 w24 w25 w26 w27 w31 w32 w33 w34 w35 w36 w37

TR

0.260 0 0 o o0 o0 o0 o0 o0 o0 O o o o o o o o o o o o0 o0

oy

#id 0208 0 0 o o0 o0 o0 o0 o0 o0 O o o o o o o o o o o o0 o0

4 0231 0 0 o o0 o0 o0 o0 o0 o0 O o0 o0 o o o o o o o o o0 o0

wil 0 0.020 0 o o0 o0 o0 o0 o0 o0 O o0 o0 o o o o o o o o o0 o0
wi2 0 0.028 0 o o0 o0 o0 o0 o0 o0 O o0 o0 o o o o o o o o o0 o0
wi3 0 0.011 0 o o o0 o0 o0 o0 o0 O o0 o0 o o o o o o o o o0 o0
wi4 0 0.042 0 o o0 o0 o0 o0 o0 o0 o0 o0 o0 o o o o o o o o o0 o0
wls 0 0.020 0 o o0 o0 o0 o0 o0 o0 o0 o0 o0 o o o o o o o o o0 o
wl6 0 0.047 0 o o0 o0 o0 o0 o0 o0 O o0 o0 o o o o o o o o o0 o0

w2l 0.018 O 0 o o0 o0 o0 o0 o0 o0 O o0 o0 o o o o o o o o o0 o0

w22 0012 0 0 o o0 o0 o0 o0 o0 o0 O o o0 o o o o o o o o o0 o0

w23 0.014 0 0 o o0 o0 o0 o0 o0 o0 O o o0 o o o o o o o o o0 o0

w24 0.023 0 0 o o0 o0 o0 o0 o0 o0 O o0 o0 o o o o o o o o o0 o0

w25 0.043 0 0 o o0 o0 o0 o0 o0 o0 O o0 o0 o o o o o o o o o0 o

w26 0.032 0 0 o o0 o0 o0 o0 o0 o0 o0 o0 o0 o o o o o o o o o0 o

w27 0.024 0 0 o o0 o0 o0 o0 o0 o0 o0 o0 o0 o o o o o o o o o0 o

w3l 0 0 0030 o0 o o o o0 o0 o0 O O O O o o0 o o o o0 o0 o0
w32 0 0 006 0 0 o o o o0 o0 o0 O O O O O O O o o o0 o0 o
w33 0 0 0012 06 o0 o o o o0 o0 o0 O O O O O O O o o o0 o0 o
w34 0 0 0045 0 0 o o o o0 o0 O O O O O O O o o o o0 o0 o0
w35 0 0 o0rr 0 o o o o o o0 o0 O O O O O O O o o o0 o0 o
w36 0 0 0027 0 0 0 o o o0 O O O O O O O O o o o o0 o0 o
w37 0 0 0042 0 0 0 o0 o0 O O O o0 o o o0 o o0 o o o o0 o0 o0
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2 F e 9735 o £ 17 5 A e (unweighted) eg= # 582 » F] 4 4B @ ehiF 544,

o2 2010 % & 745 (column- stochastic)z. &t B » #710 »> & F (G 4 T efR

B v g > TV JE {8 4 B 42 4B (weighted supermatrix) 0 02 M £ ¢ 0 drd 18

T,

el

% 18. L & Z24p b et f\EREE M

Table 18. Weighted supermatrix M of each elements’ interdependencies

O ] B8 wlil wi2 wi3 wi4 wis wi6é w21 w22 w23 w24 w25 w26 w27 w31 w32 w33 w34 w35 w36 w37

oy

#0373 0 0 o o0 o0 o0 o0 o0 o0 o0 o0 o0 o0 o0 o0 o0 o o o o o0 o0
#Fid 029 0 0 o o0 o0 o0 o0 o0 o0 o0 o0 o0 o0 o0 o0 o0 o o o o o0 o0
#£4 0331 0 0 o o0 o0 o0 o0 o0 o0 o0 o0 o0 o0 o0 o0 o o o o o o o

wil 0 0.117 0 o o o0 o0 o0 o0 o0 o0 o0 o0 o0 o0 o0 o0 o o o o o0 o

wi2 0 0.166 0 o o0 o0 o0 o0 o0 o0 o0 o0 o0 o0 o0 o0 o o o o o o0 o

wi3 0 0.063 0 o o0 o0 o0 o0 o0 o0 o0 o0 o0 o0 o0 o0 o o o o o o0 o

wi4 0 0253 0 o o o0 o0 o0 o0 o0 o0 o0 o0 o0 o0 o0 o0 o o o o o0 o

wls 0 0.122 0 o o0 o0 o0 o0 o0 0 o0 o0 o0 o0 o0 o0 o0 o o o o o0 o

wl6 0 0279 0 o o0 o0 o0 o0 o0 o0 o0 o0 o0 o0 o0 o0 o0 o o o o o0 o

w21 0.105 0 0 o o0 o0 o0 o0 o0 o0 o0 o0 o0 o0 o0 o0 o o o o o o0 o
w22 0.073 0 0 o o0 o0 o0 o0 o0 o0 o0 o0 o0 o0 o0 o0 o o o o o o0 o
w23 0.086 0 0 o o0 o0 o0 o0 o0 o0 o0 o0 o0 o0 o0 o0 o o o o o o0 o
w24  0.135 0 0 o o0 o0 o0 o0 o0 o0 o0 o0 o0 o0 o0 o0 o0 o o o o o0 o
w25 0.260 0 0 o o o0 o0 o0 o0 o0 o0 o0 o0 o0 o0 o0 o o o o o o o
w26 0.195 0 0 o o0 o0 o0 o0 o0 o0 o0 o0 o0 o0 o0 o0 o o o o o o o
w27 0.145 0 0 o o0 o0 o0 o0 o0 o0 o0 o0 o0 o0 o0 o0 o o o o o o o
w3l 0 0 00770 0 0 O O O O O o0 o O O O O O O o0 o0 0 O
w32 0 0 00950 0 0 o0 O O o0 O O o O O O O O O o o0 0 O
w33 0 0 00740 0 0 O O O O O O o O O O O O O o o0 o0 O
w34 0 0 02700 0 0 O O O O O O o O O O O O O o0 o0 0 O
w35 0 0 0066 0 o0 0o o o o0 O O O O O O O O O O o o0 0 O
w36 0 0 01630 0 0 0 O O O O O o O O O O O O o0 o0 0 O
w37 0 0 0250 0 0 0 O O O O O o O O O O O O O OO o0 O
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Table 19. Limited supermatrix M* of each elements’ interdependencies

oy
Y

A

S

wll wi2 wil3 wi4 wl5 wl6e w2l w22 w23 w24 w25 w26 w27 w31 w32 w33 w34 w35 w36 w37

iy
&

A b
ks
wll
wil2
wl3
wl4
wl5
w16
w21
w22
w23
w24
w25
w26
w27
w31
w32
w33
w34
w35
w36

w37

0.282

0.237

0.257

0.009

0.011

0.007

0.015

0.009

0.016

0.010

0.008

0.009

0.010

0.017

0.014

0.012

0.008

0.009

0.008

0.016

0.008

0.012

0.016

0.282

0.237

0.257

0.009

0.011

0.007

0.015

0.009

0.016

0.010

0.008

0.009

0.010

0.017

0.014

0.012

0.008

0.009

0.008

0.016

0.008

0.012

0.016

0.282

0.237

0.257

0.009

0.011

0.007

0.015

0.009

0.016

0.010

0.008

0.009

0.010

0.017

0.014

0.012

0.008

0.009

0.008

0.016

0.008

0.012

0.016

0.2820.2820.2820.2820.2820.2820.2820.2820.2820.2820.2820.282 0.2820.2820.2820.282 0.2820.282 0.282 0.282

0.2370.2370.2370.2370.2370.2370.2370.2370.2370.2370.2370.2370.2370.2370.2370.2370.2370.2370.2370.237

0.2570.2570.2570.2570.2570.2570.2570.2570.2570.2570.2570.257 0.2570.2570.2570.257 0.2570.257 0.257 0.257

0.0090.0090.0090.0090.0090.009 0.009 0.009 0.009 0.009 0.009 0.009 0.009 0.009 0.009 0.009 0.009 0.009 0.009 0.009

0.0110.0110.0110.0110.0110.0110.0110.0110.0110.0110.0110.0110.0110.0110.0110.0110.0110.011 0.011 0.011

0.0070.0070.0070.0070.0070.007 0.0070.007 0.007 0.007 0.007 0.007 0.007 0.007 0.007 0.007 0.007 0.007 0.007 0.007

0.0150.0150.0150.0150.0150.0150.0150.0150.0150.0150.0150.0150.0150.0150.0150.0150.0150.0150.0150.015

0.0090.0090.0090.0090.0090.009 0.009 0.009 0.009 0.009 0.009 0.009 0.009 0.009 0.009 0.009 0.009 0.009 0.009 0.009

0.0160.0160.0160.0160.0160.0160.0160.0160.0160.0160.0160.0160.0160.0160.0160.0160.0160.0160.0160.016

0.0100.0100.0100.0100.0100.0100.0100.0100.0100.0100.0100.0100.0100.0100.0100.0100.0100.0100.0100.010

0.0080.0080.0080.008 0.0080.008 0.008 0.008 0.008 0.008 0.008 0.008 0.008 0.008 0.008 0.008 0.008 0.008 0.008 0.008

0.0090.0090.0090.0090.0090.009 0.009 0.009 0.009 0.009 0.009 0.009 0.009 0.009 0.009 0.009 0.009 0.009 0.009 0.009

0.0100.0100.0100.0100.0100.0100.0100.0100.0100.0100.0100.0100.0100.0100.0100.0100.0100.0100.0100.010

0.0170.0170.0170.0170.0170.0170.0170.0170.0170.0170.0170.0170.0170.0170.0170.0170.0170.0170.0170.017

0.0140.0140.0140.0140.0140.0140.0140.0140.0140.0140.0140.0140.0140.0140.0140.0140.0140.0140.0140.014

0.0120.0120.0120.0120.0120.0120.0120.0120.0120.0120.0120.0120.0120.0120.0120.0120.0120.0120.0120.012

0.0080.0080.0080.008 0.008 0.008 0.008 0.008 0.008 0.008 0.008 0.008 0.008 0.008 0.008 0.008 0.008 0.008 0.008 0.008

0.0090.0090.0090.0090.009 0.009 0.009 0.009 0.009 0.009 0.009 0.009 0.009 0.009 0.009 0.009 0.009 0.009 0.009 0.009

0.0080.0080.0080.008 0.008 0.008 0.008 0.008 0.008 0.008 0.008 0.008 0.008 0.008 0.008 0.008 0.008 0.008 0.008 0.008

0.0160.0160.0160.0160.0160.0160.0160.0160.0160.0160.0160.0160.0160.0160.0160.0160.0160.0160.0160.016

0.0080.0080.0080.008 0.008 0.008 0.008 0.008 0.008 0.008 0.008 0.008 0.008 0.008 0.008 0.008 0.008 0.008 0.008 0.008

0.0120.0120.0120.0120.0120.0120.0120.0120.0120.0120.0120.0120.0120.0120.0120.0120.0120.0120.0120.012

0.0160.0160.0160.0160.0160.0160.0160.0160.0160.0160.0160.0160.0160.0160.0160.0160.0160.0160.0160.016
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Table 20. Weighted value of factors for the construction of an environment to promote
stress relief

=
il

i EE wll

wi2 wi3 wil4 wil5 wl6 w2l w22 w23 w24 w25 w26 w27 w31 w32 w33 w34 w35 w36 w37

’E

0.282 0.237 0.257 0.009 0.011 0.007 0.015 0.009 0.016 0.010 0.008 0.009 0.010 0.017 0.014 0.012 0.008 0.009 0.008 0.016 0.008 0.012 0.016

14 £ 20 A 47 S BT

FEwz LR S0 FREY (W)~ v & &
(W14) ~ B#WI2) : Hb 5 =2 £eofpd 56 £ 4 W25) ~ Bt B ¥ HW26) « & 2
W27) : 8% = L d S0 R B FF(W34) ~ 8P (W37) ~

TS (W36) o 32 E A
B3 TM 45 4
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Fagh ik ANP 2 fF 0 G #9 ERE EE Y (WI6) - T LG E(wlh) - EE
(WI2)= f5F 3] > £ £l AR p E Bt B R F foend o A8 5 TYOU T 5
itk e TAA S CLRFRE) M RIEE S L (w2D) BB E T(W26) -
2 (W27) 0 B2 A L f(W34) S BT (W3T) L g TE(W36) 0 5 BB B
FRBBLERT AT R0 @RGSR Sl # Y TM 2 F A 4

F3 kAot 21 S o

EIVAN B R o VR R S
Table 21. Table of control factors and levels of Taguchi method

7+ K1 k2 K3
A 48 Ly e LR
B i o BB E ErE
C 3@ F R T4 E 2
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Table 22. Stress relief questionnaire of Taguchi method

SRS I Y(~ #)

L v e p ¥ 0 - RA R LY S ST R L) - ¥l

DATAL A A 0 RS F B EA P R AT E S (G4 ) o Y2

BApALehE R 2 F NG R fre (- ki) - Y3

ABRET e 2 GURIEE - LA S - B RER) v

SizAm ik B 45 5] w AP RA G P L EE AT Y5

(1 12) -

6.ERA 2 > AHEBRELINER - Yo
ApHEF = B3FI kB pd RS 8 Fr Y LoBNE AUk 23 4

F)e b RFBASPEEL  PTRENEA A o @ Berto(2005) it 4 £ p

~HhI bl G2 TH L BREKRAEMETEE 4 (Perceived environmental
Restorativeness Scale, PRS) » £ /L & * 1R4E ~ /ﬁ"fﬁ%‘ 3RS E o inirE &
TEGH ~F22F o »e k2 F HFEGFT - AFTHEB LG LB TN RS
SECE A d A FENHATE > AT R YRR L o AT AEEER Y Berto (g
AEAH AR 6 X TERFEDAL L | (dod 22 9757 ) » M fEX
PIHFHEZPRBEOREESRBLAZ PFERRRFE > T LY R ER%RE% o ¥
b AR E L LY Berto(2005)hE £ o pt A ¢ BEEEP LT R EAREEF A

TR RIEATE A B o AR A DR o Kd mipladr o 2 KMO E ;

k'l

0.815 > Cronbach’s o & % 0.931 > B R* 5 5% & 5 L4 hp 30— RfL o
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AEH%T 101 £ 10 7 15 P 226 p % 10 X (B ~ prpoh)ais o hgp
TERRIFEMERRESRE TR REARET - BEAFRRER TS

4 % 34 4 (65.38%) -

REAATLY BB G pE Y T2 5 18 4 (34.62%) 0

EHT 05 34630 EBRE ST A 230

%23, LoBHE R A B%kE %

Table 23. Experiment results by Lo(3*) orthogonal matrix

s ko L3
R

A B C Y S/N(dB)
1 1 1 1 83.86 38.4710
2 1 2 2 79.75 38.0346
3 1 3 3 79.61 38.0194
4 2 1 2 81.85 38.2604
5 2 2 3 81.19 38.1901
6 2 3 1 84.37 38.5237
7 3 1 3 76.49 37.6721
8 3 2 1 81.45 38.2182
9 3 3 2 79.93 38.0542
10 ¥R e 58.70 35.3727

gd TMpefdmis FEXRIFHZEFRRERL ZARAAEL > BT ki

B SRITEAR o 7 2 0 dek SIN b g4 0 PIEA TR R SRR AR o
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& e S/N L o

A HEF @ Minitabl6 #RE 5 £ Bk FF K BT IH SN Lo 53t 4

23 FHEEEXFF NSIN W F & (dok 24 957 )2 F 5 ok B(4-B 17 #77) o

% 24, K F]FHSIN VW F R A
Table 24. The reaction of designed factors to S/N Ratio

g A B C
RE 1 38.175 38.134 38.404
KE 2 38.325 38.148 38.116
kO3 37.982 38.199 37.961
ek 0.343 0.065 0.443
Py 2 3 1

W17 ¢ Rpor o f Bl RS 5 A2(VETE) B3GR 2 X)) CL(F F R

LHEFRBEREZ ARG AEEI ) TEATEIPNRESRBEE IR AW c R F R
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Main Effects Plot for SN ratios
Data Means

38.47
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38.27 "
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& 3301
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S 3841
= 333-
382
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—
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W

Bl 17. SIN * F]3 325 [

Fig. 17. Main effects plot for S/N ratios (conference room)
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p=p > v/, =0) (16)

=p(2> /\/—)zl_q)(s/L\/Z)

AFEL D (R R SRERR AL EAGERDIE B ML A H DR
a=0.05> % p<O0.05pF » £ T B it B FRER FHK L F BEF S oo FP o B
T RBRERER I DS AT & I AR £33 E A

—

PSR A TR L2 T Y =25.667 oifidF £ S=3.622- 4% F #-E £ » 254(15)

# p=0.0000 0 7 b kA SRIBE FHR TS G A BF Aok

» MR 17 2 4R & T & L(paired sampled t-test) » & ¥t - <R & T
R EREBE LW SN RS ERT 0 s TaE L L 256670 F

/?‘J
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Studies have reported that workers of today’s businesses spend 80 - 90% of the time everyday in
confined working environment. In such environment the air pollution may be 10 times worse than that
outdoors, with various organic compounds polluting the air, leading to increasingly compromised
health in workers and work efficiency, which decrease the commerce management efficiency and
marketplace competitiveness. Many studies testified that plants disposed in commerce management
environment are effective in cleansing the air and help release pressure off business workers. Hence,
the present research applies Data Envelopment Analysis, DEA, to the selection of indoor plants that can
decrease air pollution, mitigate anxiety and increase work efficiency, also identifies the combination of
plant dispositions with optimal parameter design by Taguchi method. Whereby, this paper proposes
concrete recommendations as reference for enterprises to create a comfortable, elegant, refreshing and
healthy commerce management environment, while building a measuring model to further enhance the
management efficiency and marketplace competitiveness for enterprises.

Key words: Commerce management environment, data envelopment analysis, super-efficiency, Taguchi

method, plant selection.

INTRODUCTION

The increasingly fierce competition in today’s
marketplace often puts people under tense pressure.
Davison and Neale (1990) even thought that few people
experience not any anxiety for a whole week. High
degree of anxiety affects not only normal reaction and
concentration but also ability of conception and learning
(Williams and Powers, 1991). Besides the interior of
enterprises, most employees of business also go to
places like restaurants, hotels and café often to
undertake their commercial activities. All these environ-
ments for commercial activities are what this paper refers
to as commerce management environment. They have to
offer beautiful, comfortable and elegant setup as well as
fresh and healthy air, because only creating quality

*Corresponding author. E-mail: ghouse@ntu.edu.tw. Tel: +886-
2-33664875. Fax: +886-2-33664875.
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creating quality commerce management environment can
reduce negative moods, such as fear, anxiety, melan-
choly and sadness, in employees of businesses (Atienza
et al., 2001) and enable them to be happier, comfortable
and assured to work, further to elevate the marketplace
competitiveness for businesses.

According to Abbriti and Muzi (1995), modern business
employees spend 80-90% of the time working in confined
surroundings every day. There, the air pollution can be 10
times worse than that outdoors. Today’s building mate-
rials, in particular, are mostly made from synthesizing
bonds and resins, while electronic equipment in office
releases hundreds of kinds of volatile organic compounds
(VOCs). These cause people to become less and less
healthy, and gave rise to the term “Sick Building Syn-
drome”, SBS, which includes, e.g., typically sore eyes,
sore throat and respiratory problem.

SBS is mostly associated with air pollution created by
the buildings in the working environment (Molhave et al.,
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1986). Dijkstra et al. (2008) verified that plants not only
effectively mitigate the negative moods in and pressure
on people, they also filter the air and decrease VOCs,
which has the benefits such as reducing days of sick
leave and increasing working efficiency (Bringslimark et
al., 2007). A comfortable, elegant, refreshing and healthy
commercial management environment does more than
emotional and mental relief to business employees; when
they are in such environment, they even improve their
appetite, mind (Talbott et al., 1976) and discomfort in
body (Ulrich, 1984). Honeyman (1990) further revealed
that plants in offices not only elevate the positive mood in
people and effectively mitigate the pressure, they also
increase working efficiency or productivity, whereas,
without them, the negative mood is higher and work
efficiency is lower.

As earlier stated, many studies have proven that plants
disposed in commercial management environment can
effectively cleanse the air and help release pressure on
business workers. Hence, this paper applies Data
Envelopment Analysis, DEA, to select indoor plants that
can lessen air pollution, mitigate anxiety and increase
working efficiency. Taguchi method is also employed to
identify the combination of plant dispositions with optimal
parameter design, whereby to present specific recom-
mendations as reference for businesses in creating a
comfortable, elegant, refreshing and healthy commercial
management environment. The present research also
builds a measurement model to further enhance the
management efficiency and marketplace competitiveness
for businesses.

APPLYING ANALYSIS WITH DEA-CCR INPUT-
ORIENTED MODEL IN SELECTION OF GOOD
PLANTS

DEA is a performance assessing method proposed by
Charnes et al. (1978). The DEA theory is based on pro-
duction frontier as measurement of production efficiency
by Farrell (1957), and uses the concept of Pareto
optimality as basis to define efficiency. The production
frontier being determined by mathematical model, DEA
needs not preset model for production functions or
parameters for model to compare the actual data of
decision making units, DMU, with the production frontier.
By such measurement, it can determine the relative effi-
ciency and relative inefficiency of the DMUs, to achieve
the goal of proposing improvement of relative efficiency.

This paper investigates the efficiencies at the angle of
input, that is, to compare the use of inputted resources
based on the current levels of outputs, which is called as
input-oriented efficiency. Constant Return to Scale, CRS,
is hypothesized, which means when the amount of input
(x) increase at a constant ratio, the output (y) increases at
a constant ratio too. The analysis of DEA-CCR (Charnes,
Cooper and Rhodes, CCR) input-oriented model is thus
applied to investigate, with the equation
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with term of input and output as follows:

CCR input-oriented model (ratio): Efficiency = Weighted
combination of inputs / Weighted combination of outputs

S

ZurYrk

E, = Max=L—
m

ZVink

i=1

ST.=L—<1,j=1..... N7
m
ZV,»X,-,
i=1
u,,v,2€>0,r=1,...... ,s,i=1,....... ,m

Where, Ej = relative efficiency value of the K" plant (the
kth DMU), Yy = the ' output value of the k™ plant, X;, =
the i" input value of the k™ plant, u, = the r' weighted
output value of the k™ plant, v; = the i"" weighted input
value of the k" plant

€= a minimum positive number, which is a non-
Archinidean quantity

It is clear from the above that DEA method determines
the ratio of output and input, Yy, Xi Y Xj being given
quantity, and the model searches for the optimal weighted
values (namely, v; u,) in the set of solutions formed by all
DMUs such that the efficiency value E, for each unit is
greatest. In which process, the input and output of each
DMU are taken as target function and calculated N times,
each calculation determining the optimal weighted value
for DMU and resulted in N sets of (v;, u,).

Because such model of ratio is a fractional pro-
gramming model (FP), which is nonlinear programming,
and provides no ease in solving, it is transformed into a
linear programming model. Also, a restrain of

ZZviXik =1 is incorporated to avoid infinite solutions
n=1

with the FP model. The Input-Oriented CCR Model is as
follows:

Max h, = iurYrk
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m
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Model (2) is the weighted sum produced by maximizing



Table 1. 2 Examples of 2 inputs and 1 output.
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DMU A B C D E F
Input x1 7 4 8 4 2 10
X2 3 3 1 2 4 1
Output y 1 1 1 1 1 1
the combinations of weighted output values that are v v u 9"
determined by setting the weighted combination of inputs ("1= 0.0526,"2 =0.2105, = 0.6316, = 0.6316),

equal to 1 after subjecting the restraint that the weighted
sum of inputs is 1. As the number of restrains is greater
than that of variables in model (2), it is possible to further
utilize the dual theory of linear programming and
transform equation (2) into Duality model, by which after
the transformation of minimization model can be
expressed as the only Envelopment Form. This Duality
model is as follows:

Min @ (3)
0.1

K
ST Zﬂ’kyvrk 2 Yrk

k=1

K
9X i« 2 Z/lkX,k
k=1
4,20
k=1,2,........ K
r=12,........ ,R
i=1,2,...,1

A

where, 0 represents relative efficiency of DMU and "%,
non-negative pure quantity.

Take an example from Cooper et al., 2 Inputs and 1
Output, Table 1 shows 6 DMUs with 2 inputs and 1 output
where the output value is unitized to 1 for each DMU (as
Table 1 shows). The linear program for DMU A is:

Max 6=u

S.T. 7v, 43V, =1
ull7v, +3v, (A) ulldv, +3v, (B)
ullBv, +1v, (C) ulld4v, +2v, (D)

ul2v, +4v, (E) uvllov, +v, (F)

where all variables are constrained to be nonnegative.

This problem can be solved by a linear programming
code. It can also be solved by simply deleting V2 from the

inequalities by inserting Vao (1-7 Vi )/3 and observing the
relationship between VI and u. The optimal solution is
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and the CCR-efficiency of Ais 0.6316.
Interpreting DMU’s relative efficiency, if 0 <1, itis

CCR inefficient, meaning technically inefficient; when 0
=1, it means perfectly technical efficiency. When analysis
by DEA-CCR input-oriented model is used in
investigation, there may be such final result as a multiple
of relatively effective DMUs, which, however, cannot be
further evaluated and compared. To mend this deficiency,
Andersen and Petersen (1993) proposed using the CRS
Super-efficiency Model in ranking the efficient DMUs.
Also, the super-efficiency DEA models can be used in
identifying the extreme efficient DMUs (Thrall, 1996). The
Input-oriented CRS super-efficiency DEA model as
follows:

Min esup er (4)

n
sup er
ST. > Ax; <6™x,
i=1

Jj#0

i=1,2,...,n;

0

n
Zﬂ,},yrj > Vo r=1,2,...,8;
i=1
j#0

4,20 fO.

The super-efficiency method is capable to solving the
problem of ranking the DMUs on efficiency frontier;
however, it does not apply to all models, while it could
come up with incorrect judgment on certain data evalu-
ations. It does not apply to the input-oriented SE-CCR
model when the values of input and output of DMU are
zero or a set of efficient DMUs contains extreme DMU
(Seiford and Zhu, 1999). Because neither values of input
or output is zero in this paper, and that the DMU set does
not contain any extreme DMU, this paper will employ the
Super efficiency method, proposed by Andersen and
Peterson (1993), as an auxiliary tool of research to
enhance the discriminating ability of DEA model.

EMPIRICAL ANALYSES

Wolverton (1997) at NASA chose 50 species of indoor plants that
can effectively improve on air pollution. Of which species, nine are
rare commercially in Taiwan; thus, citing Wolverton (1997), this
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Table 2. Source data of NASA assessed plants.

DMU Input Output
Scientific name X4 X2 X3 X4 Y
Dracaena fragrans ‘Massangeana’ 8 7 8 7 8
Dracaena marginata 6 7 8 7 7.0
Sansevieria trifasciata 3 10 10 2 6.3
Chrysalidocarpus lutescens 8 8 8 10 8.5
Rhapis excelsa 7 9 10 8 8.5
Chamaedorea seifrizii 9 8 8 9 8.4
Phoenix roebelenii 9 7 8 7 7.8
Chamaedorea elegans 4 8 8 7 6.6
Spathiphyllum spp. 8 7 7 8 7.5
Epipremnum aureum 5 10 8 7 7.5
Syngonium podophyllum 4 9 8 7 7.0
Dieffenbachia'Exotica Compacta’ 7 8 6 7 6.8
Dieffenbachia'Camilla 5 7 6 7 6.2
Philodendron selloum 3 8 8 6 6.3
Philodendron oxycardium 4 9 9 4 6.3
Aglaonema 'Silver Queen’ 4 6 5 6 5.3
Anthurium andraeanum 3 5 6 7 53
Ficus robusta 9 9 8 7 8.0
Ficus benjamina 8 6 6 6 6.5
Hedera helix 9 8 8 7 7.8
Schefflera actinophylla 8 8 4 7 6.5
Nephrolepis exaltata ‘Bostoniensis’ 9 4 8 9 7.5
Nephrolepis obliterata 9 4 8 9 7.4
Chrysanthemum morifolium 9 4 8 8 7.4
Gerbera jamesonii 9 4 8 8 7.3
Maranta leuconeura "Kerchoviana' 3 6 8 7 6.0
Calathea makoyana 5 4 6 6 5.0
Liriope spicata 7 4 6 5 55
Chlorophytum comosum 'Vittatum’ 6 6 5 5 5.4
Dendrobium sp. 7 4 6 5 5.5
Phalaenopsis sp. 3 5 7 3 4.5
Codiaeum variegatum pictum 3 6 8 5 53
Euphorbia pulcherrima 3 5 7 5 5.1
Aloe barbandensis 2 8 8 2 5.0
Tulipa gesneriana 7 4 5 3 4.7
Begonia hiemalis 4 6 8 7 6.3
Araucaria heterophylla 2 7 9 6 6.2
Schlumbergera bridgesii 3 9 8 3 5.8
Rhododendron simsii "Compacta” 6 4 5 5 5.1
Cyclamen persicum 3 5 6 5 4.8
Kalanchoe blossfeldiana 2 7 7 2 4.5

paper used the remaining 41 species that are common in Taiwan for
examples, as shown in Table 2. Their indices of cleansing gaseous
chemicals (Xi), assessed ease of planting (Xz), resistance to pests
(X3) and evaporation rate of water (X4) were cited, with the total
score represented by Y (as shown in Table 2). DEA, being
advantageous of assess-ment of relative performance ranking for
multiple inputs and outputs, was used to identify the plant species
with relatively high efficiency in improving indoor air as the target of
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this paper.

And Input-oriented CCR Model was employed in calculation,
which resulted in 17 of 41 species, whose efficiency value was 1,
meaning they are perfectly technical efficient in cleansing indoor air.
They are Sansevieria trifasciata, Chrysalidocarpus lutescens,
Epipremnum aureum, Syngonium podophyllum, Philodendron
selloum, Aglaonema 'Silver Queen', Anthurium andraeanum, Ficus
benjamina, Schefflera  actinophylla,  Nephrolepis  exaltata
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Table 3. Table of control factors and levels in Taguchi design of experiments.
Factor Level 1 Level 2 Level 3 Level 4
A Species of plant Schefflera Araucaria Sansevieria Tulipa
actinophylla heterophylla trifasciata gesneriana
B Disposition time in environment 1 week 2 weeks 3 weeks 4 weeks
Table 4. Experimental results of L1 (4°) orthogonal array.
. Parameters and levels Result
Experiment humber - -
A B Mean satisfaction S/N
1 1 1 3.719 11.4085
2 1 2 3.734 11.4435
3 1 3 3.753 11.4876
4 1 4 3.766 11.5176
5 2 1 3.663 11.2767
6 2 2 3.687 11.3335
7 2 3 3.717 11.4039
8 2 4 3.728 11.4295
9 3 1 3.814 11.6276
10 3 2 3.825 11.6526
11 3 3 3.808 11.6139
12 3 4 3.826 11.6549
13 4 1 3.701 11.3664
14 4 2 3.674 11.3028
15 4 3 2.810 8.9741
16 4 4 2.592 8.2727
‘Bostoniensis’, Chrysanthemum morifolium, Phalaenopsis sp., Aloe interaction. This method is capable of providing
barbandensis, Tulipa gesneriana, Araucaria heterophyila, robustness for product designing and quality in least time,

Schlumbergera bridgesii and Rhododendron simsii "Compacta". As
with the remaining 24 species, their less-than-1efficiency values
meant they are technically inefficient in cleansing indoor air.

The Super-SBM model was now employed to further sort out the
top four plants in terms of relative efficiency. They were S.
actinophylla, A. heterophylla, S. trifasciata and T. gesneriana.
Perfectly technical efficient in clean-sing indoor air, these four
species of plant were to be taken as the subject of this paper.

TAGUCH!I’S DESIGN OF EXPERIMENTS

With the analytic results further organized by using the
cause-effect diagram, this paper found that the four
plants would be more perfectly efficient in the effect of
cleansing indoor air and mitigating pressure in
commercial management environment, if they were
subjected to timing of disposition in the environment.
According to Ross (1988) and Taguchi (1990), Taguchi’'s
design of experiments is to determine the parameters of
design by experiments, which chooses an appropriate
orthogonal array for experiment by the numbers of control
factors and their levels; S/N ratios are also used to
substitute for function of quality loss to decrease the

108

at minimal cost and with least experiments. This paper
thus will employ Taguchi design of experiments in
analysis in order to obtain optimal design parameters.
Accordingly, this paper chose the control factors and
their levels (Table 3) for the effects on the cleansing of
indoor air in commercial management environment, and
identified the best design of parameters by the method of
Taguchi design of experiments. There were two factors in
4 levels in this experiment. Thus, we adopted the Lig(4°)
Orthogonal array, which was among the orthogonal
arrays Dr. Taguchi highly recommended (Table 4). The
table also includes the mean satisfactions as the results
of a survey by questionnaire conducted on students at
National Chin-Yi University of Technology for this paper.
According to Taguchi (1987) and Taguchi (1991), S/N
ratio stands for the ratio of signal to noise. A high S/N
ratio means the signal is more intense than the noise; in
this case, it is easier to discern which is received: signal
or noise. S/N ratios are derived by converting directly
from the logarithm of function of loss, as a criterion for
measurement of product performance. They have the
purpose of reducing interaction, so as to enhance product
robustness, and are expressed by the following equation:
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Table 5. Reaction of design factors to S/N ratio.

A B
Level 1 11.464 11.420
Level 2 11.361 11.433
Level 3 11.637 10.870
Level 4 9.979 10.719
Effect 1.658 0.714
Rank 1 2

Main Effects Plot for SN ratios
Data IvVgans

11.8 4
11.64
11.4 4
11.24

11.0 4
10.8
10.6 4

Mean of SN ratios

10.4 4
10.2 9
10.0 4

Figure 1. Main effect plot for S/N ratio.

SN = —1Olog{lzi2}
Nz Y

()

This paper proceeded to deriving the ratio for the results
of each experiment as contained in Table 4, by equation
(5). A higher S/N ratio means greater effect on the
cleansing of indoor air in commercial management
environment, also, better quality of pressure mitigation.
The S/N ratios listed in Table 4 were also used to obtain
the mean S/N of each of the two factors at various levels,
as Table 5 shows.

With the factors in Table 5, a greater value of effect
means more intense reaction of the design factor to S/N
ratio. Lastly, with these figures plotted on Figure 1, it is
possible to arrive at the combination of design factors A3
and B2 as the optimal parameter design in commercial
management environment. In other words, the plant
species of S. trifasciata and disposition in the
environment for 2 weeks would elevate the quality of the
commercial management environment to the best level.
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Conclusion

This paper began by using the Data envelopment
analysis to select the indoor plants that cleanse the
commercial management environment best; they were S.
actinophylla, A. heterophylla, S. trifasciata and T.
gesneriana. With disposition time in environment, Taguchi
method was used to identify S. trifasciata and disposition
for 2 weeks as the factors being able to best improve the
quality of the environment. The present research has built
a model for measuring plants that would be able to
cleanse indoor air, mitigate pressure and increase
working efficiency. As a result, not only can work
efficiency of commercial management and marketplace
competitiveness be enhanced, it is also believed to better
business performance will be made again and again amid
the fierce competing commercial environment.
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1 Introduction

With the upgrade of living standards, medical advance and promotion of health prevention
and maintenance, the demographic structure of the society in Taiwan is seen aging. Accord-
ing to Ministry of the Interior (2011a), Taiwan has officially reached “aged society” in 1993,
with the aged accounting for 7.09% of the total population, which met the index for aged
society set out by WHO. By the end of the year 2009, the population of people above 65 has
gone as high as 2.45 million, accounting for 10.63% of the total population. Yet, such speed
of aging not only is apparently higher than in Western countries but continues to accelerate;
it is estimated that in 2026, the population of people above 65 would exceed 20%, reaching
the so-called super-aged society.

In entering such aged society, problems like social welfare system, medical techniques
and social security begin to emerge. Moreover, in today’s trend of few children and double-
income family, the needs of the aged are not well attended to after the busy work. As a result,
caring institutions have become the service provider that is on largest scale for the welfare
measures for seniors. However, as the aged demographic structure and chronicle diseases are
a global issue, the growth of average life expectancy makes it a tendency that the demand
or medical resources increases rapidly, in which the global industry of home care is seen to
grow each year. The L.LI. anticipated a 597 billion dollar-worth global industry of health and
care in 2015, of which the market in Taiwan alone would grow to 18 billion dollars. It is
clearly indicated that the aged society-related industry has considerable demands and great
potential of growth.

According to Ministry of the Interior (2011b), the living type of the elderly is predomi-
nantly “together with children”, but that proportion has gone down each year from 70.24%
in 1986 to 57.28% in 2005. By the end of 2010, there were 1,067 long-term caring and caring
institutions for the aged, which accommodated 56,256 people with 41,929 actually occupy-
ing, representing a use rate at 74.53%. That number of occupants and use rate increased by
3.23 and 1.69%, respectively, from a year earlier. In 2009, the Government also made “long-
term caring industry” part of the development strategy of six new industries. The above all
reveals that under state policy and in the tendency of aged society, the market of caring indus-
try is a promising one and creates huge demands and business opportunity. Therefore, a great
number of nursing and caring institutions begin to be set up and strive for a share of the market.
How to provide a healthy and comfortable curing environment where the elderly live more
comfortably and respected in their late years is a critical mission and issue for the industry.

A “nursing and caring institution” provides 24-7 caring services including services, living
facilities and assistance that suit elderly life, health care as well as helping the aged in
overcoming the stress of loneliness. These institutions are divided by the psychophysical
functions of the occupying elderly in long-term caring, institution, nursing institution, caring
institutions and nursing home to respond to the future development of nursing and living for
the aged. Whichever category, institutions with services for the aged keep joining this new
industry making the competition fiercer, hence, the provision of a healthy and comfortable
environment of care for the aged is literally a primary object for the industry. As such, to
elevate the health benefit of the operated environment in the nursing and caring institution
should win people’s recognition of the caring institutions and reduce the non-occupancy rate
for the industry, further to upgrade the operators’ competitive edge. To achieve the win—win
situation between customers and the industry is to meet the massive market demand for nurs-
ing and caring industry in future. Therefore, this article will introduce the six-sigma DMAIC
method to enhance the health benefit and business performance of the nursing and caring
institution.
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Since the employment by Motorola Inc. in 1987, the concept of six-sigma was not a strange
phrase to industries any more. Many cross-border enterprises have introduced the six-sigma
methodology to improve the corporate quality and increase their competitive edges with
significant achievement evidenced. For instance, GE introduced it in 1995 to simplify the
process of reviewing contracts, saving the transaction cost by millions dollars each year
(Chen et al. 2010a).

In this twenty-first century, a good number of researchers are also employing the six-sigma
methodology to investigate the properties of the service industry hoping to better elevate the
performance and quality of business environment and satisfy customer needs. For exam-
ple, Ham and Lee (2002) proposed MAIC improvement process; Geogel (2001) proposed
the concept of DMAIC process which effectively improved the quality and speed of vari-
ous transaction processes; Linderman et al. (2003) further proposed DMADV improvement
procedure to systematically employed to improve processes and designing new products in
an organized way, displaying successful achievements. Six-sigma related research has been
conducted extensively in Taiwan, for example, Chen et al. (2006) upgraded the quality of
TFT-LCD panel process by six-sigma MAIC process; Hsia et al. (2009) introduced six-
sigma procedure to increase the service quality of on-line marketing; Chen et al. (2010a)
introduced six-sigma DMAIC procedure to enhance the quality of leisure service. Obviously
the enterprises have obtained significant benefits by introducing the six-sigma and many
researchers were drawn to the related studies. Thus, this article will utilize the six-sigma
DMAIC method to enhance the health benefit of business environment in the nursing and
caring institution and elevate the quality of the business environment further to strengthen
the business performance.

This article begins by designing a “Scale of health benefit questionnaire” by employing
Kaplan and Kaplan (1989) function evolution theory and Ulrich (1983) psychological evo-
lution theory and developing a performance evaluation matrix through Hung et al. (2003)
concept, to define key problems and to propose the indices for health benefits evaluation.
The cause and effect diagrams proposed by Kaoru Ishikawa are then used to analyze the
main factors of dissatisfaction of the elderly with the quality of health benefit in the nursing
and caring institution. Taguchi design of experiments is also utilized to identify the best
combination of improved health benefit and business performance. Finally, standard oper-
ating procedure is established to continue monitoring the quality of health benefits so as to
reinforce the competitive edge of the nursing and caring institutions.

2 Define

In this article, Kaplan and Kaplan (1989) function evolution theory and Ulrich (1983) psy-
chological evolution theory were synthesized, reference was made to the characteristics of
the contents of recovery by Kaplan (1988), Hartig et al. (1997), Laumann et al. (2001)
and Purcell et al. (2001), and the research by Parasuraman et al. (1985, 1988, 1991) which
pointed out that the quality of customer service can be measured by customers’ advance
expectation (valuing) for the service and their actual perception of the service afterwards
(satisfaction) was based. The questions are positively constructed in a scale of health benefit
questionnaire. After analyzing the reliability and validity of the pre-questionnaire check and
deleting two negative correlation items, Cronbach’s « values for expectation and satisfac-
tion are 0.959 and 0.956 respectively and KMO values for expectation and satisfaction are
0.629 and 0.72 respectively. The questionnaire result show the high degree of reliability and
validity.
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Table 1 Scale of health benefits questionnaire

Variable Health benefit item Expectation Satisfaction

Escape 1. Here I can escape from the distraction I do not want
2.1 can spend time here and stay away from the daily routine life
3. Here I can stay away from the things that need my attention
4. Here I become able to stop thinking about what I should do
5. Here I need not to pay attention to what I am not interested
Consistence 6. The physical sequence here is in clear order
7. Things and activities here are so getting along
8. Here it is easy to see things in good order
9. Everything here is properly positioned
Range 10. My movement is seldom obstructed by boundaries in here
11. The space in here is big enough for me to explore my direction
12. It seems eternal here
13. The environment here is capable of forming a world of its own
Appeal 14. The quality of health benefit is good here
15. Things happening here interest me
16. The environment here appeals to my curiosity
17. There are many places to be explored and discovered in here
18. My attention is drawn to many interesting things in here
Compatibility 19. I am seldom stopped from doing what I want to do here
20. My current personal intention is met here
2

22.1 can find my way without difficulties here

—_

. It is easy to do what I wish to do here

23. There are activities that I like to engage in here
Preference 24. 1 like this environment to let me feel comfortable and carefree
25. I prefer it here than to other places

Familiarity ~ 26. This environment is where I am familiar with

Thus, a scale of health benefit questionnaire with 26 positive narrative items in seven
constructs was composed, as Table 1 shows. This is used to assess the health benefits of the
operational environment of the nursing and caring institutions and to reinforce the quality
of operational environment and elevate the competitive edge in market. Also, with a view of
easier use for the nursing and caring institutions, the scale describes the elderly’s satisfaction
with and expectation for the health benefits of the operational environment in the nursing and
caring institutions in percentages. A 100% grade means the elderly are totally satisfied with
or completely expect for the services of health benefits the nursing and caring institutions
provide. A 0% grade means the elderly are totally dissatisfied with or completely disregard
the services of health benefits the nursing and caring institutions provide. A higher percentage
represents higher satisfaction or expectation by the elderly.

Every senior citizen has his/her distinct degree of demand and expectation, thus, their
perceived satisfaction with and expectation for the service of health benefits provided by the
nursing and caring institution are different. Assume X is the satisfaction of the elderly with
the health benefit of the nursing and caring institution, apparently X is a random variable in
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Fig. 1 Probability distribution of satisfaction

the range from O to 1. According to Johnson (1999) concept, a random variable anywhere
between 0 and 1 usually obeys the 8 probability distribution with parameters (o, ). As such,
let a random variable, S, herein be the perceived satisfaction of the elderly with the health
benefit of the nursing and caring institution and a random variable, E, be the expectation for
the health benefit of the nursing and caring institution; define the indices of satisfaction and
expectation, respectively, for the items in Table 1 as follows:

oS, — i . . .
Is, = 5~ Ps, (satisfaction performance index) (1)
as; + ﬂSi
O[E,' - ,BE,' . .
I, = ——— (expectation performance index) 2)
ag, + BE;
wherei = 1,...,26, as, and By, are the parameters of satisfaction distribution for the ith

item, and ag; and B, are the parameters of expectation distribution for the ith item. For an
item, when the index for measuring the satisfaction performance, Is, > 0,i.e., a5, > Bs;, the
probability distribution is left skewed (the case A in Fig. 1), meaning the average satisfaction
is higher than dissatisfaction, which is that the elderly are satisfied with the health benefit of
the nursing and caring institution. when the index for measuring the satisfaction performance,
Is, < 0,i.e., as;, < Bs,, the probability distribution is right skewed (the case B in Fig. 1),
meaning the average dissatisfaction is higher than satisfaction and the elderly are dissatisfied
with the health benefit of the nursing and caring institution. When this index Is, = 0, i.e.,
as; = Ps;, the probability distribution is symmetric (the case C in Fig. 1), meaning it is
equally mixed satisfaction and dissatisfaction and the elderly feel the health benefit of the
nursing and caring institution fair.
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It is obvious from above analysis that the level of satisfaction with and that of expectation
for health benefit are related to the value of . When o > g, the implication is better satis-
faction with or expectation for health benefit; reversely, if « < 8, the implication is poorer
satisfaction with or expectation for health benefit perceived by the elderly. The same applies to
the deduction of the expectation for each item. Thus, with the satisfaction performance index
as x axis of the coordinate and expectation performance index as y axis, a health benefit perfor-
mance evaluation matrix for the nursing and caring institution is constructed, as Fig. 2 shows.

In addition, Hung et al. (2003) modified the the performance importance area in Lambert
and Sharma (1990) matrix diagram and redefined a performance evaluation matrix. To solve
the problem of the blind spots I and II, the reasonable zones of original three large areas that
do without improvement are replaced by the area sandwiched by the two sloped lines. As with
the space between the two slope lines, it can be decided by the factors like the interior and
exterior environment for the institution, its resource costs and its organizational operation.

In the above performance evaluation matrix, type A is the elderly’s expectation higher than
their satisfaction, representing that the health benefits of the nursing and caring institution are
under the elderly’s expectation and the current operation stratagem needs review, improve-
ment required too, to enhance the overall health benefits of the institution. Type B is the zone
with equal perception of expectation and satisfaction, which means the health benefit of the
nursing and caring institution is up to the elderly’s expectation and the current operation strat-
egy should be maintained. Type C is expectation less than satisfaction, representing the health
benefit of the nursing and caring institution has exceeded the elderly’s expectation; in such
case, despite high satisfaction, the human resources and costs the institution operator invests
are relatively high, and deserve discreet evaluation in view of today’s tough competition and
finite resources, so as not to affect the overall operation of the nursing and caring institution.
Therefore, when the nursing and caring institution uses the performance evaluation matrix
established herein to assess, if an assessed item falls in zones A and C, such item becomes
a critical point for the caring institution to improve and a six-sigma project of analysis and
improvement.
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3 Measure

The second step of six sigma is measure. With the positions where the points lie, this arti-
cle identified the items highly expected but hardly satisfied by the elderly, literally defining
the critical points to be improved. In such item as with high expectation but low degree of
satisfaction by the elderly, the probability distributions of expectation and satisfaction in
the diagram scarcely overlap in very, meaning a significant gap between expectation and
satisfaction for item, which thus requires improvement. For example, a certain item has the
function for satisfaction probability distribution that obeys 8 (2, 10), and that for expectation
probability distribution obeying £ (12, 3); then it is clear that the satisfaction performance
index Is; < 0 and the expectation performance index /g, > 0, which implies that the elderly
have more expectation than satisfaction for the health benefit of such item, as Fig. 3 shows.

As performance evaluation matrix is originally intended, only a zone with equal expec-
tation and satisfaction is a reasonable zone, that is type B in Fig. 2, which indicates that
the elderly have equal expectation for and satisfaction with the health benefit of the nursing
and caring institution. The intersection of probability distributions of such expectation and
satisfaction is extensive and can be explored in three situations as follows:

(1) When the average expectation and average satisfaction on the item are relatively high,
that is, ag; > Bs, and o, > B, the probability distributions both are left skewed. And
their performance distributions lie as the case of Q; in Fig. 2, which implies that the
elderly have both high expectation for and high satisfaction with the health benefit of
the nursing and caring institution.

(2) When the average expectation and satisfaction on the item are relatively low, i.e.,
as,<PBs; and ag, <PE;, the probability distributions both are right skewed. Their

[\ N
_ Satisfaction distribution
1 1  Alpha=2
Beta=10 /
d J
Expectation distribution
Alpha=12
Beta=3
2 -
1 -
//
D . T . T = b - T . T . \I
0 02 04 06 028 1
f

Fig. 3 Diagram of probability distributions of expectation and satisfaction
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Fig. 4 Diagram of low expectation distribution versus high satisfaction distribution

A3)

performance distributions lie as the case of Q, in Fig. 2, which implies that the elderly
have both low expectation for and low satisfaction with the health benefit of the nursing
and caring institution.

When both the expectation and satisfaction on the item are medium, i.e., a5, = B,
and o, = P, , the probability distributions are symmetrical. Their performance dis-
tributions lie as the case of Q3 in Fig. 2, which implies that the elderly have both
medium expectation for and medium satisfaction with the health benefit of the nursing
and caring institution.

From the above concept, and using the size of the intersection between as the direction of
measurement, this article sets a health benefit measuring index, P, for measuring the area of
intersection between satisfaction and expectation on each service item, where P is defined
as below:

P=ps+pg. 0=P=1 3

Yet, the intersection area of probability distributions of expectation and satisfaction on an
item can be small in two ways, as follows:

(D

When the satisfaction is higher than the expectation on an item, the performance distri-
butions lie as the case of point Q4 of type C in Fig. 2 and the probability distributions
of expectation and satisfaction are as Fig. 4 shows.
a S Ta—pPsi ! . . . . .
In which, ps, = [i %d t, being the satisfaction of the elderly with the ith
i »Bs;

item expressed by percentage under a.

ol t“Ez"(l_t)ﬁEi’l . . . -
PE = [, "Bk o) dt being the expectation of the elderly with the ith item
expressed by percentage above a.
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(2) When the satisfaction is lower than expectation on an item, the performance distribu-
tions lie as the case of point Qs of type A in Fig. 2 and the probability distributions of

expectation and satisfaction are as Fig. 5 shows.

128 a—pPsi™

1
In which, ps, = f dt, being the satisfaction of the elderly with the ith

a By, .85
item expressed by percentage above a.
_ it aonfET
PE-= Jo " Bag, pr)

expressed by percentage under a.

dt, being the expectation of the elderly with the ith item

Hence, a greater P value indicates the elderly have similar satisfaction with and expec-
tation for the health benefit provided by the nursing and caring institution. If P is equal to
1, it implies that the elderly have equal degree of satisfaction with and expectation for the
health benefit the nursing and caring institution provides. If P is equal to 0, then the elderly
have totally different satisfaction with and expectation for the health benefit provided by
the nursing and caring institution. If too many points lie in type A and type C, the assess-
ment items with least intersection between expectation and satisfaction can be prioritized for
improvement according to above-stated concept.

4 Analyze

Aimed at conducting the questionnaire in one caring center located in Taichung City, the
article has employed the six sigma method to increase the health benefits of nursing and
caring institutions and has identified item 24, which shows the least overlapped area between
expectation and satisfaction, as the critical item through the aforementioned performance
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Fig. 6 Diagram of expectation distribution versus satisfaction distribution for item 24

evaluation matrix. Therefore, item 24 have high priority for improvement according to above
concept as Fig. 6.

Now analysis will be made in the causes of poor health benefits of the business environment
in the nursing and caring institution. There are actually many analytic tools and methods, such
as Gantt chart, scatter diagram and process capability analysis. But, one important and handy
tool most used currently by the industry is the cause and effect diagrams. It uses the factors
of person, method, material, measurement and equipment to re-identify the sub-factors that
affect and identify the causes of poor quality one by one to be analyzed for improvement.
Huang et al. (2010) used cause and effect diagrams to analyze, in four constructs of person,
equipment, design and material, the problems of poor quality in the operation of welding
of surveillance cameras. Chen et al. (2010a) also used cause and effect diagrams to ana-
lyze, in the constructs of professional training, knowledge system, management system and
investment and innovation, the causes of poor quality of leisure service.

As above-mentioned, the cause and effect diagrams are apparently a very good analytic
tool, through which application more and more enterprises perfect their product quality or
service quality. Hence, this article uses the cause and effect diagrams as an indispensable tool
of analyzing the poor quality of health benefit of nursing and caring institutions. The fac-
tors possibly contributing to poor health benefits of the caring institutions are categorized in
four constructs: person, facility, environment and system, as Fig. 7 shows. In 2007, however,
the government began to conduct on-site evaluation in the nursing and caring institutions,
with related regulations promulgated on the nursing and caring institution to counsel and
supervise in respect of workers, institutional facilities, management system and environment
tidiness. Its purpose is to protect the interest of the aged, promote the business development
for the nursing and caring institutions, further to elevate the health benefits of the business
environment of the institution and their total service quality. Hence, this article will focus
on the overall creation of the caring institution’s business environment in three aspects of
vegetation, use of essential oil and background music to explore the factors contributing to
poor health benefit.

(1)  Vegetation: according to the research by Abbriti and Muzi (1995), the contemporary
people spend 80-90% of their time indoors every day, in particular the aged, who often
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stay indoors longer than 90% of their time. Thus, while people are in the indoor envi-
ronment for long hours, the aerodynamic particles come into indoors through air flow
and directly affect the indoor air quality and indirectly the health of human respiratory
system. Honeyman (1992) suggested that plant placed indoors not only can increase
positive emotion and effectively alleviate pressure in people but also uplift work effi-
ciency and productivity. Without plant placed indoors, people have higher negative
emotion and the work efficiency decreases. Many studies testified that the disposition
of vegetation in business environment can work to clean the air and help the workers
release their pressure. As such, the placement of appropriate species of plant will be
able to effectively increase the indoor air quality of the nursing and caring institution
and further enhance the health benefit of the overall environment.

Use of essential oil: the chemical components of essential oils, which come in twelve
types, each of different oil-solubility, water-solubility, masculine gender and feminine
gender, enter human body through smelling and skin to balance the body, mind and soul,
boost immunity function, promote metabolism and facilitate blood circulation to work
to strengthen the systems of the body. The research by Pierre Franchomme and Daniel
Penoel in 1990 indicated that the ester content in plants has good effects on relaxing
and emotional alleviation in human body. Ruth von Braunschweig in Germany also
suggested that the ester content in plants works to alleviate human feelings in emotions.
Hence, the use of the right kinds of essential oils for the aged should be able to make
them pleased and remove negative ideas in them and will create the comfortable and
healthy caring environment, enhancing the health benefit of the business environment.
Background music: music is an audible art, composed of tones, volume, rhythm and
speed. It often makes man feel tranquilized, calm in mind, relaxed and pressure released.
Music is a media of therapy as well. By the definition by The National Association
for Music Therapy in 1977, music therapy, which takes the musical achievement as
the object of therapy, makes music work in restoration, maintenance and improvement
of individual psychological and physiological health so as to bring desirable changes
to individual’s behavior. Also, Gauthier and Dallaire (1993) pointed out that music
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therapy is a treatment that uses music and its elements in a controlled way to help
patients and the aged in achieving unification of psychophysiology and emotion during
the treatment. It is known from above that music therapy employs the possible effects
of music on human physiology and psychology to assist individuals in achieving the
goal of maintain and enhancing psychophysiology health. As such, broadcasting music
that suits the elderly in the nursing and caring institutions will improve their emotional
states and the context of negative emotions, creating the caring environment that has
health benefits.

5 Improve and control

As previously stated, this article applies cause and effect diagrams to identify the factors
causing poor health benefit in the institutional environment from the viewpoint of creating
overall environment in nursing and caring institutions. And the factors are vegetation, use of
essential oil and background music, suggesting that the operators of the institutions should
take the caring environment for the aged seriously and aim to create the living environment
that has health benefits and is comfortable, to maintain every senior citizen in pleasant mood
further to increase the competitive edge in market and the business performance.

Chen et al. (2010b) selected, by means of data envelopment analysis, the most cleansing
indoor plants for business environment: Schefflera actinophylla, Araucaria heterophylla, San-
sevieria trifasciata and Tulipa gesneriana. These are taken here as the subjects of enhancing
health benefits of the nursing and caring institutions. Cho (2009) selected Anthemis nobilis
(80%), Salvia sclarea (710%), Citruus aurantium (50-70%) and Mentha citrata (66%) for
their high ester content in essential oils. These are taken herein as the subject essential oils.
In background music, considering the research subjects being the aged in nursing and caring
institutions, reference was made to Cheng (2007) who explored the preference of the aged for
music and their physiological reaction. Thus, four types of music, namely, “classical music”,
“world music”, “pop music” and “Taiwanese music”, all of relaxing type are selected here in
combination with the vegetation and essential oils to identify the best combination of health
benefit of the business environment in caring institutions.

Ross (1988) and Taguchi and Clausing (1990) pointed out that Taguchi methodology,
which decides design parameters by experiments, selects suitable experiment orthogonal
matrix by the numbers of control factors and their levels. The method also uses S/N ratio to
replace quality loss function to reduce interactions, whereby to be able to provide robustness
to product design and quality in least time and at least cost with least times of experiments.
Hence, to obtain optimal design parameters, this article will use the Taguchi methodology
that was proposed by Taguchi in 1949 to explore and identify the best combination of vege-
tation, essential oil and music type to serve as reference in upgrading health benefits of the
caring institutions.

This article selects the control factors and their levels (as Table 2) that affect the health
benefit of the business environment in the nursing and caring institution and find out the best
parameter design by Taguchi methodology.

The experiment herein has three four-level factors; hence we adopt the L¢(47) orthogonal
matrix, which happens to be one of the orthogonal tables Dr. Taguchi recommended. Herein,
the average satisfactions obtained by questionnaire survey conducted at a nursing and caring
institution in Taichung are also itemized in Table 3.

According to Taguchi (1987) and Taguchi (1991), S/N ratio refers to the ratio of signal
to noise. A greater S/N ratio means the signal is stronger than the noise and it is easier to
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Table 2 Table of control factors and levels of Taguchi experiment

Factor Level 1 Level 2 Level 3 Level 4
A Plant species Schefflera Araucaria Sansevieria Tulipa gesneriana
actinophylla heterophylla trifasciata
B Type of Anthemis nobilis Salvia sclarea Citruus aurantium - Mentha citrata
essential oil
C Typeofmusic  Classical music World music Pop music Taiwanese music

Table 3 Experiment results by

5 . Experiment Parameters and levels Result
L16(4”) orthogonal matrix number
A B C Average S/N
satisfaction
1 1 1 1 3.6901 11.3408
2 1 2 2 3.4596 10.7805
3 1 3 3 3.3755 10.5668
4 1 4 4 3.2621 10.2699
5 2 1 2 3.5070 10.8987
6 2 2 1 3.4354 10.7195
7 2 3 4 3.8741 11.7634
8 2 4 3 3.3656 10.5412
9 3 1 3 3.9353 11.8996
10 3 2 4 3.8957 11.8117
11 3 3 1 3.8533 11.7167
12 3 4 2 3.8280 11.6594
13 4 1 4 3.7589 11.5012
14 4 2 3 3.2750 10.3042
15 4 3 2 3.5807 11.0794
16 4 4 1 3.6946 11.3513

discern which is received, the signal or the noise. The deduction of S/N ratio takes logarithm
of the loss function as the criteria for measuring product performance, which serves to reduce
interactions and to strengthen product robustness. The equation is as follows:

1
S/N = —10log 227 )
i=1 i
In which, y; is observations and 7 is the number of observed.

Now this article will use the experiment results in Table 3 to calculate, by Eq. 4, the
S/N ratio for each experiment result. A greater S/N ratio means greater effect on the health
benefits of the business environment in the nursing and caring institution, which represents
higher level of health benefit quality. Again, the mean S/N of the three factors at each level
can be determined by the S/N ratio listed in Table 3, as Table 4 shows.

In Table 4, a greater effect value of the factor, literally a higher reaction of design factor
to S/N Ratio, means the greatest contribution of plant species to the effect on the health
benefit of the overall environment in the caring institution, with least effect by the type of
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Table 4 Table of reaction of

design factors to S/N ratio A B ¢
Level 1 10.740 11.410 11.283
Level 2 10.982 10.900 11.106
Level 3 11.772 11.284 10.830
Level 4 11.066 10.967 11.344
Effect 1.032 0.510 0.514
Rank 1 3 2

Main Effects Plot (data means) for SN ratios
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Fig. 8 Main effects plot for S/N ratios

essential oil. Finally, with these data plotted into Fig. 8, the design combination of factors
A3, B1l and C4 can be selected as the best parameter design to elevate the health bene-
fits of the nursing and caring institution. In other words, when the caring institution places
S. trifasciata indoors, broadcast Taiwanese music and emanates essential oil of A. nobilis, it
will be able to provide the healthy and comfortable caring environment, uplift the quality of
health benefit of its overall environment for the aged.

The last step of six sigma method is control. This article will establish the control mode
of standard operation procedure, as Fig. 9 shows, to examine the changes in health benefit
performance of the institutional environment for the elderly at any time and analyze the prob-
lems immediately with concrete improving strategy proposed, whereby to effectively control
the quality of health benefit. Such reference can be provided to the industry in elevating the
health benefits of the institution to forge the comfortable living environment that has health
benefits, further to upgrade their competitive edge in the market and business performance.

6 Conclusion

The elderly persons’ expectation for and satisfaction with the health benefits of the business
environment in nursing and caring institution was investigated by using the “scale of health
benefit questionnaire”. Critical problems were defined through the performance evaluation
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with health benefits and to promote competitive edge and
business performance

Fig.9 SOP chart

matrix. With the size of the area of intersection between the distributions of satisfaction
and expectation used as the direction for measurement, the measuring index, P, was estab-
lished for health benefit to explore the priority on the problems to improve. Cause and effect
diagrams were employed to identify the causes of poor health benefits before the Taguchi
methodology was applied to set the voices of the elderly as important indices to find out the
best combination for upgrading the health benefits of the business environment. By intro-
ducing the six sigma process to explore the health benefits and business performance of the
nursing and caring institution, a standard operation procedure suitable for evaluating health
benefits of the environment in nursing and caring institutions has been established in this arti-
cle to maintain and control the health benefit quality of the institution’s overall environment.
It is trusted to be able to uplift the competitive edge of the nursing and caring institutions
facing the fierce competition in future and generate good business performances.
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1 Introduction

Currently, most people spend 80-90 % of their time working in an airtight indoor environment
(Abbriti and Muzi 1995), which often has pollution levels ten times as high as the outdoor
environment. This commonly leads to sick building syndrome (SBS), which can degrade
work quality, work efficiency, and long-term health. Thus, determining the means to improve
indoor air quality has been widely discussed.

According to Yeh (2010), indoor plants can decrease SBS. Bringslimark et al. (2007) and
Dijkstra et al. (2008) have also shown that plants relieve stress and reduce negative emotions
in addition to cleansing the air of volatile organic chemicals (VOCs), decreasing sick days,
and promoting work efficiency. This is particularly evident when people are situated in a
comfortable, clean, and healthy environment. Under such conditions, emotional stress can
be effectively relieved, even to improve appetite (Talbott et al. 1976) and relieve discom-
fort (Ulrich 1984). Honeyman (1992) pointed out that maintaining plants within an office
environment promotes positive emotions, relieves stress, and increases work efficiency and
productivity. Environments without plants often promote negative emotions and decrease
work efficiency.

Many essential oils have the ability to relieve stress, promote health, and freshen the air.
Among this, ester is made up of alcohol and acid, has mild effects which is less danger-
ous (Huang 2008). French scientists, Pierre Franchomme and Daniel Penoel, pointed out in
1990 that plants emitting esters can prevent fungus, calm the central nervous system, balance
sympathetic and parasympathetic nerves, and promote relaxation in the human body (Cho
2009). German Ruth von Braunschweig also showed that esters within plants can promote
relaxation (Braunschweig and Wen 2003).

Hirokawa (2004), Kenny and Faunce (2004) and Ghou and Lin (2006) pointed out that
the resonance of sound and human cells can promote feelings of calmness and relaxation as
well as relieve stress and decrease depression. Brunges and Avigne (2003) and McKinney
et al. (1997) showed that music can reduce one’s heart rate, relax muscles, and increase the
production of endorphins, which can diminish pain and increase happiness. Watkins (1997)
pointed out that music can restore psychological and physical function, thereby attaining a
unity of body and mind.

To summarize, plants can clean the air, relieve stress, and increase work efficiencys;
essential oils can induce happiness and eliminate negative thoughts; and music can calm
the nerves, relax muscles and relieve stress. However, previous research on indoor envi-
ronment stress relief has focused on single variables and failed to view the comprehen-
sive effects of such factors together. This paper applied the methods proposed by Chen
et al. (2013), by using cause and effect diagram analysis, consultation with experts, and
a literature review to construct dimensions and guidelines related to environmental stress
relief in targeting factors affecting human health indoors: indoor plants, essential oils,
and music. We employed analytic network process (ANP) to identify the environmental
factors that are essential to stress relief, in conjunction with Taguchi method to deter-
mine the best combination of parameters. A model based on statistical analysis was used
to verify the different benefits resulting from these changes. The proposed system pro-
vides an effective means to enhance air quality in the promotion of a comfortable, clean,
and healthy environment. Our findings provide a valuable reference for the implemen-
tation of environment improvements in medical facilities, retirement homes, and office
spaces.
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2 Using ANP to select factors affecting health environment

This paper simultaneously considered three factors (indoor plants, essential oils, and music)
for the construction of a healthy stress-free environment. The relationships among these
factors are outlined in the following:

M

(@)

3

“)

(&)

Plants: Chen et al. (2010) targeted the fifty species selected by NASA researcher Wolver-
ton (1997), using DEA-CCR input-oriented model analysis for the selection of ideal
species. In the same manner, this study referenced the opinions of experts to identify the
following indoor plants as ideal: Scheffleraactinophylla, Araucaria heterophylla, San-
sevieriatrifasciata, Tulipagesneriana, Aloe barbandensis, Anthuriumandraeanum, and
Phalaenopsis sp.

Essential oils: Esters emitted by plants can promote relaxation and relieve stress in the
human body. Thus, we selected seven essential oils with a higher composition of esters, as
described by Cho (2009): Anthemisnobilis 80 %, Salvia sclarea 70 %, Citruusaurantium
50-70 %, Menthacitrata 66 %, Jasminumofficinais 54 %, Lavandulaangustifolia 45 %,
and Citrus bergamia 40 %.

Music: Chen et al. (2013) discussed the role played by music in Taiwanese retirement
homes with regard to musical preferences and physical reactions. However, Taiwanese
music can be categorized many different ways according to the time period and one’s
personal perspective (Chien 2001). Thus, we adopted the “performance type” as described
in Lu (1996) and Chien (2001) and referenced experts to select folk songs, song music,
instrumental music, Taiwanese opera, classical Taiwanese music, and Western music for
research.

The relationship between music and plants: According to Zhao et al. (2001) and Duan
et al. (2005), plants living in natural environment use single cells as units to sense and
transmit signals via phosphorylation, which induces a series of physiology reactions to
balance cell proliferation and differentiation. Lee et al. (2001), Wang et al. (2003), and
Wei et al. (2008) have also shown that differences in the frequency and strength of sound
waves can influence the cell cycle of tobacco plants, suggesting that sound waves within
a certain range can stimulate cell division and assimilation, promote DNA synthesis,
contribute to mitosis, and promote plant growth. Sound waves like those in music can
stimulate gene expression and influence plant growth.

The relationship between essential oils and plants: Essential oils are the secondary
metabolite of plants, possessing aromatic odors and volatility at room temperature. These
substances are an oily liquid that can be distilled by water vapor. According to Van de
Braak and Leijten (1999), the complex composition of essential oil contains hundreds
of chemical elements. It is estimated that over 3,000 types of essential oil exists, 300
of which have important commercial value. These substances can also be applied to
plants to prevent their being eaten by herbivorous animals, maintain self-growth space,
and attract pollinators for pollination. They can also be used to prevent excessive water
evaporation, repel insects, heal injured areas, and prevent the growth of bacteria, fungus,
and microbes.

This paper targeted the former three dimensions and 20 index factors, in addition to the

relationships among dimensions to construct an ANP frame, as shown in Fig. 1. ANP was
then used to identify the factors that most significantly influence stress relief in an indoor
environment.

The ANP method was presented by Saaty (1996) and Saaty and Vargas (2000) as a means

to overcome problems associated with the interdependencies among standards and levels as
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Fig. 1 Target level dimensions dependencies feedback

well as feedback in traditional analytical hierarchy process (AHP). ANP has been used to
good effect by Taslicali and Ercan (2006); Gencer and Gurpinar (2007); Voulgaridou et al.
(2009); Jung and Seo (2010), and Tseng (2011). This paper follows the approach established
by Chung et al. (2005), using the five procedures in ANP as follows:

2.1 Procedure 1: Establish estimated network hierarchy structure

We adopted the approach of Chen et al. (2013), to construct and evaluate the interdependencies
between criteria and subjects as well as the interdependencies of criteria. This was divided
into a target level, primary level (stress relief evaluation dimensions), and secondary level
(stress relief evaluation criteria), comprising 20 impact factors. We designed a questionnaire
to address the issue of “constructing an environment for the relief of stress” to target the
relationship between each two criteria in the establishment of paired matrices, the eigenvector
of which were used to establish a supermatrix. Evaluation was performed using a 5-point scale
(equally important, somewhat more important, very important, and essentially important),
for the values of 1, 3, 5, 7, and 9, respectively. We also considered the applicability of the
questionnaire, and recruited 30 experts (15 experts and 15 graduate students) who possess
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Table 1 Relative position
of each sub-matrix in the
supermatrix Goal D

Goal Evaluated dimension Evaluated criterion

Evaluated dimension A B

Evaluated criterion C

Table 2 Paired comparison matrix of the dimension of essential oils

w 21 w 22 w 23 w 24 w 25 w 26 w 27 Weighted W
w21 1.00 0.51 0.75 1.33 2.83 2.17 1.47 0.105
w 22 1.95 1.00 1.40 1.68 2.75 2.41 2.01 0.073
w23 1.33 0.71 1.00 1.74 3.85 2.09 1.39 0.086
w 24 0.75 0.60 0.57 1.00 1.75 1.57 1.09 0.135
w 25 0.35 0.36 0.26 0.57 1.00 0.68 0.65 0.260
w 26 0.46 0.41 0.48 0.64 1.47 1.00 0.70 0.195
w 27 0.68 0.50 0.72 0.92 1.53 1.42 1.00 0.145
Amax = 7.0456 CR =0.0058 C1 =0.0076

an understanding of indoor plants, essential oils, and music. The structure of each level and
the related interdependencies are presented in Fig. 1.

2.2 Procedure 2: Establish a paired comparison matrix

This paper used the factors affecting stress relief to determine the relative position of each
matrix within the supermatrix (as shown in Table 1). Environmental factors related to stress
relief and evaluation criteria were used to calculate the weighted value (W) of each factor.

We used the results from the survey of experts to acquire numerous comparison matrices.
At this point, calculating the value of characteristics and eigenvectors and verifying con-
sistency is necessary. According to Saaty (1980), matrices using the same columns must
be evaluated using the ratio of consistency index (C7) and random index (RI), called the
consistency ratio (C R) as calculated in Egs. (1) and (2). The value of C R must be less than
0.1 for the matrix to be considered sufficiently consistent.

Cl = (Amax —1)/(n — 1) (1)
CR=CI/RI (2)

In this formula, Am,x indicates the maximum eigenvector, n indicates the number of columns,
and R/ is the random index of the matrix. This paper used Eqgs. (1) and (2) to calculate the
Amax Of the essential oil dimension as 7.0456. The C R value was 0.0058, as shown in Table 2,
indicating sufficient consistency. We then used the same method for all of the other dimensions
and the C R value was always less than 0.1, indicating sufficient consistency.

2.3 Procedure 3: Calculate the weighted value of each matrix

First, the eigenvector calculated from each matrix is used as a weighed value. These are cal-
culated one by one using Super Decision software. Then, according to the interdependencies
of each factor, the unweighted supermatrix M’ is developed, as shown in Table 3.
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2.4 Procedure 4: Calculation of the supermatrix

The supermatrix comprises numerous sub-matrices, which comprise eigenvectors created by
the comparison of dimensions. Table 3 presents the initial unweighted matrix. Because the
column values do not meet the column-stochastic (the sum of column values does not equal
one), certain applications must be made to acquire the weighted supermatrix (/) as shown
in Table 4.

This paper employed the approach presented by Saaty (1996) to transform the weighted
supermatrix (M) into a limit supermatrix M* using Eq. (3).

M* = lim M*;k € power 3)

k—o00
Equation (3) consecutively multiplies the weighted supermatrix M and takes the k exponential
(k is a subjectively determined value) to acquire a convergence limit for supermatrix M*.

This, along with the relative weighted value calculated between the elements, is presented in
Table 5.

2.5 Procedure 5: Calculate weighted values of feasible plans

Finally, decision makers can use the value acquired from the limit value of consecutive
multiplications as a references for selections, as shown in Table 6.

According to Table 6, the top three forms of music include Western music (w16), clas-
sical music (w14), and instrumental music (w12). The top three essential oil include Citrus
bergamia (w?25), Jasminumofficinalis (w26), and Lavandulaangustifolia (w27). The top three
plants are Sansevieriatrifasciata (w34), Phalaenopsis sp. (w37), and Anthuriumandraeanum
(w36). We then employed Taguchi method to identify the best combination of parameters
for a healthy indoor environment.

3 Taguchi method

As described in Ross (1988) and Taguchi (1991), Taguchi method uses tests to determine the
parameters used in a design. It is determined primarily by the control factors and the number
of levels involved in the selection of an appropriate orthogonal matrix. To decrease the effect
of interactions, S/N ratio is used to replace the loss function to achieve product consistency,
while minimizing computation time, costs, and the number of tests.

First, according to the ANP, the following are the most important factors affecting stress
relief in an indoor environment: Western music (w16), classical music (w14), and instru-
mental music (w12); Citrus bergamia (w21), Jasminumofficinalis (w26), and Lavandulaan-
gustifolia (w27); Sansevieriatrifasciata (w34), Phalaenopsis sp. (w37), and Anthuriuman-
draeanum (w36). Factors and levels are presented in Table 7.

This test comprises three three-level factors resulting in 8 degrees of freedom. Thus,
we employed the Lo(33) orthogonal matrix shown in Table 9. The experiment was ready
for testing when the matrix was established. Because we were striving to obtain results
applicable to every indoor environment, we attempted to keep the survey short. We employed
the Perceived Environmental Restorativeness Scale described in Berto (2005), as the basis
to design the stress relief questionnaire presented in Table 8. The goal was to determine the
subjects’ level of satisfaction with the overall environment and acquire sample observation
values. Y scores were given for sample results. This test was administered over a 10 day
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Analysis and construction of stress relief model

Table 7 Control factors and levels

Level 1 Level 2 Level 3
A Plants Phalaenopsis sp. Anthuriumandraeanum Sansevieriatrifasciata
B Essential oils Citrus bergamia Jasminumofficinalis Lavandulaangustifolia
C Music Western music Classical music Instrumental music

Table 8 Stress relief questionnaire

Stress relief item Y (score)
1. That is a place which is away from everyday demands and where I Y,
would be able to relax and think about what interests me (being-away)
2. That place is fascinating; it is large enough for me to discover and be Yo
curious about things (fascination)
3. That is a place where the activities and the items are ordered and Y3
organized (coherence)
4. That is a place which is very large, with no restrictions to movements; it Yy
is a world of its own (scope)
5. In That place, it is easy to orient and move around so that I could do Y5
what I like (compatibility)
6. Overall, I am satisfied with this place (satisfaction) Y
Tab'i 9 Experiment re:sults by Sample number  Parameters and levels Rsult
Lo (3”) orthogonal matrix
A B C Y S/IN
1 1 1 1 83.86  38.4710
2 1 2 2 79.75  38.0346
3 1 3 3 79.61  38.0194
4 2 1 2 81.85  38.2604
5 2 2 3 81.19  38.1901
6 2 3 1 84.37  38.5237
7 3 1 3 76.49  37.6721
8 3 2 1 81.45  38.2182
9 3 32 79.93  38.0542

period between October 15th and October 26th of 2012. A total of 52 samples were collected

for data analysis. The results are detailed in Table 9.

Following the Taguchi test, we wish that the greater impact our subjects felt about the
healthy stress relief environment to indicate the better effect of healthy stress relief environ-
ment. In our results, the larger the S/N ratio, the better the effect of efforts to relieve stress.
Therefore, we employed ‘the larger the better’ product characteristics in Eq. (4) to calculate

the S/N ratio for each sample.

1< |
S/N = —10log | — Z — | (the larger the better product characteristic)
n :

1 i

i=
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Table 10 The reaction of A B C
designed factors to S/N ratio
Level 1 38.175 38.134 38.404
Level 2 38.325 38.148 38.116
Level 3 37.982 38.199 37.961
Effect 0.343 0.065 0.443
Sequence 2 8 1
Main Effects Plot for SN ratios
Data Means
A B
38.4
38.3 A
38.2 1 _/\ e
g \ T
T 3801
% 1 : ; ; ; ;
) C
S 384
g 38.3
38.2
38.1 A
38.0
I 2 3

Signal-to-noise: Larger is better

Fig. 2 Main effects plot of environmental factors affecting stress relief for S/N ratios

We used Minitab software to calculate the average S/ N ratio of each factor level, as shown
in Table 9. The reaction of designed factors to S/ N ratio is presented in Table 10; factor effect
diagrams are presented in Fig. 2.

We can infer from Fig. 2 that the best combination of factors related to stress relief is
achieved using A2 (Anthuriumandraeanum), B3 (Lavandulaangustifolia), and C1 (Western
music).

4 Experimental verification

Our results indicated that Anthuriumandraeanum as a cost-effective indoor plant, which is not
effected by the season. Lavandulaangustifolia essential oil is reasonably priced and Western
music is widely available. Hence, the three factors with the best designed parameters for
healthy stress relief environment all correspond to the general consensus and are convenient
for constructing healthy stress relief environment. According to the criteria described earlier,
we collected 52 repeated sample data and used those with no specific arrangements as controls
to analyze and evaluate the effects of changes in the stress relief environment.
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In accordance with Chen et al. (2002), we employed statistical testing as an objective
means to evaluate the effectiveness of an environment designed for stress relief. The 52 data

before improvement were first sequenced from the smallest to largest (X (1), X(2), - - , X(52))-
X (i) indicates the i data after sequencing. Similarly, the 52 data after improvement were
sequenced from the smallest to largest .(le), X;Q), e ’Xzsz)) LetY; = le.) — X to

indicate the difference in each i data. Generally, if there’s a significant effect, the value of
X Ei) — X(i) should be positive with ¥; > 0 and the larger the mean the better the effect.
Hence, when the mean 1y is larger than O for an environment designed for stress relief, then
the parameter for the best design has a significant effect. The hypotheses are as follow:

H(]Z,LL_VSO

Hy:py>0 )

Y is used to evaluate whether the parameter for the best environment has a significant effect.
If the observed value acquired from the assessment statistics is ¥ = v, then the p — value
for the improvement can be shown as follows:

p —value = P (Y > v| uy = 0)

=F (Z g s/:)/ﬁ) =1-e (s/vﬁ) ©

This paper used p — value as an assessment tool for environment-related changes in stress
relief with the producer risk set as @« = 0.05. A p — value < 0.05 indicates that the effect
is significant. We sequenced the 52 sample data from smallest to largest and calculated the
mean and standard deviation of the sample difference as ¥ = 25.667 and s = 3.622. This
value was then inputted into Eq. (6) to acquire a p — value = 0.0000, indicating that the
parameters for the best stress relief design is significant.

5 Conclusion

This paper employed ANP to research plants, essential oils, and music to evaluate their
influence on stress relief in an indoor environment and the twenty impact factors. Relative
weighted values were calculated to select the most important three factors for each of the three
dimensions. Taguchi method revealed that the plant Anthuriumandraeanum, the essential oil
Lavandulaangustifolia, and Western music could provide the best combination in developing
an environment conducive to stress relief. Statistical analysis was used to evaluate changes
in stress relief, according to whether these changes resulted in a significant effect. We then
established a model to enhance air quality in the promotion of a comfortable, clean, and
healthy environment. Our findings provide a valuable reference for the implementation of
environment improvements in medical facilities, retirement homes, and office spaces.
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