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A Picture Archiving and Communication System (PACS)
1s a high cost but high return information technology
(IT) investment. It also plays a critical role for
the improvement of patient-care delivery quality.
This study aims for proposing and validating a
suitable PACS maturity model of Taiwan hospitals. A
multiple case studies strategy with three different
scale hospitals (medical center, regional hospital,
and district hospital) was conducted to develop a
PACS maturity model suitable for the context of
Taiwan. The investigated subjects are the directors
of radiology department (or radiologist in charging
of PACS project), directors of IS department (or IS
staffs in charging of PACS project), and physicians
(the actually PACS users - physicians) of the
selected hospitals that had implemented PACS. A
research framework was proposed based on the results
of literature reviews and then this framework had
been revised by practical and academic experts of
healthcare, information management, and PACS
management. A validated semi-structure questionnaire
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derived from the revised framework and corresponding
questionnaire was used to validate the proposed
research model with the subjects of case hospitals.
The derived PACS maturity model suitable for Taiwan
hospitals consists of five major stages, including
PACS infrastructure, PACS process, clinical process
capability, integrated managed innovation, and
optimized PACS enterprise chain, measured by 29
1tems. Therefore, the results of this study can
provide a useful diagnosis tool for evaluating PACS
maturity model in Taiwan. In addition, it may benefit
Taiwan government and healthcare industry in
promoting medical image exchange center and
electronic patient record.

#E* M4 . Picture Archiving and Communication Systems, Stage
Theory, Maturity Model
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A study of developing and validating a Taiwan PACS maturity model and identifying
critical factors affecting the evolution of PACS maturity stages

Abstract

A Picture Archiving and Communication System (PACS) is a high cost but high return information
technology (IT) investment. It also plays a critical role for the improvement of patient-care delivery quality.
This study aims for proposing and validating a suitable PACS maturity model of Taiwan hospitals. A multiple
case studies strategy with three different scale hospitals (medical center, regional hospital, and district hospital)
was conducted to develop a PACS maturity model suitable for the context of Taiwan. The investigated
subjects are the directors of radiology department (or radiologist in charging of PACS project), directors of IS
department (or IS staffs in charging of PACS project), and physicians (the actually PACS users - physicians)
of the selected hospitals that had implemented PACS. A research framework was proposed based on the
results of literature reviews and then this framework had been revised by practical and academic experts of
healthcare, information management, and PACS management. A validated semi-structure questionnaire
derived from the revised framework and corresponding questionnaire was used to validate the proposed
research model with the subjects of case hospitals. The derived PACS maturity model suitable for Taiwan
hospitals consists of five major stages, including PACS infrastructure, PACS process, clinical process
capability, integrated managed innovation, and optimized PACS enterprise chain, measured by 29 items.
Therefore, the results of this study can provide a useful diagnosis tool for evaluating PACS maturity model in
Taiwan. In addition, it may benefit Taiwan government and healthcare industry in promoting medical image
exchange center and electronic patient record.
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AELARDPhETd BP BRI R TRk AR SRR R R e g B - g ot
BIP F  FePACSH B e RORHE5Y > T &30 PACS = BUR OV 18 F3E o Fid 00 = BRI i B
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i3 TR B AL 5 S(PACS) | I Riin it 3 B @ AaT (Analog) X k@0 Hein
i g;; X EPGT R PGRIEp B S SRR AT R F &R TR BRI
£ % @ X k2 4 (Bryanetal., 1999) - Mattheus (1992) k si#r# 7 # RS RS 4 LR
Iﬁ‘—l,ﬁ. % - F &R i @ k% (PACS) & "R g B f;i;ﬁ%] ,% %(Image Management and
Communication , IMAC) cAnderson £ Flynn (1997) &%+ PACS j& F ¢h3 3538 (7 3 & Sifben Jgkﬁz‘ﬁ’
Hns PACS 7 e 3 Hirplat > P prs - B R~ B ~ & %0 aniel & AL 303t 2 ok
T #EP-@ Rt o Huang (2004) P30 d B2 B3k ~ 3B F ~ BT R F 2@‘1' BAFHREFE
KAE A ST SRR AL T E_PACS e BIP ZZ B|E 4 (1994)R]#-PACS %% & & 2R und
i /* 72~ 7 X kg #2r(Teleradiography) ~ i 31 42 ~ $ick8 1 4% » F 1"& 1A R R AET S
Fenfi g o A7 20 PACS LA AP 5 $i2% 4 (2001):h % & T SR FER GG @4
MRE L FERGFRTR 5 A8 P s e R AFERGA B R B { LoaFH i &
* FEET %A 5 2P PACS 2424 Mini-PACS ;- Fl3t » PACS &+ & & 3% 53 ki sz L (Fris
% % 4, 2004; Becker & Arenson, 1994; Choplin et al., 1992; Honeyman-Buck, 2003 ) » & 3& @ ¥ ik faB~ic
s (Image Acquisition Modules ) ~ 34 ¢ 1= % % (Data Management System) ~ i# fﬁﬂ Pefr ~ BIRAEOT kAL
2 Xk Hi%l M3k % (Hard-copy Devices) o 8 fipP~firie i & f F -4 jc e IZ'\;( ARG ~ R R
PO TR BRI TP A TP A5 PACS A & Pow > B G ¢ Fakod B ifRe
md R o R R o @@a S FIL iR s U R }%@IWF% B et @’i@aj RGBT ;- 7 ‘f‘@?ﬁg?]*
3B 0 R ~—*—1‘#§#%W »z&«ﬁ—r i# R LG FRORE »z&«?—r SRR FEF A 5 AL PACS ¥
A&nn o B kv e F R FR o ] & SRR AR F AT X R RN AR
sb_r])l%i Foo vz @J P F R X sk B PACS ¥ H s % ‘ulml-‘ﬁmﬂ)ﬂ%PACSI't‘;rﬁﬁ’/F’.aﬁ
G frd @k SR FEE Y RE TR - K0 2 35y k 5L (Radiology Information Systems, RIS)
frgr;‘g?;m 4 ¥t (Hospital Information Systems, HIS) » RIS 3% #-5 & & & 7R 2 B %472 > HIS Rl i
Jh & PRk c0 34 - Digital Communications in Medicine (DICOM) 71 5 #: fj=h & & (Modality) %8 PACS
BEPHE TADNRAGREFTRE oo K A k% & Health Layer Seven (HL7) RIE3E T ¥ 02 &
HIS 4= RIS 2. @ /iid chi& % (Honeyman-Buck, 2003) -
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La]%%éﬁp" “t (Institute of Medicine, IOM) =& % F s @ [ 3 TR A RPTF M pfFEesh-
A méf PR K R Y WrpenFoplz b AR B EL PR AR TRk 4 kAL %ﬁfréﬁhij
B2 HB et B (Instltute of Medicine, 1997) - pm ¢ 5 4p% % 5 3 ﬁiﬁ*—*.fﬁafﬁ,ﬁ BRARER
BT o B Sequist ¥ 4 (2007) #F FEA FHN TP pHEOLR SR FEFTR Y HFF > F R
?5’%‘ ﬁ—ﬂki"nb#&x THRE LTI RELT AR %%w%‘r Jﬁséiiﬁk’iﬂzﬁi@?‘fﬁ#&? nE o
PIEF TR o ’ﬁ#ﬁf&é/ﬁﬂ?‘gﬁ’*?ﬁx%% TEREETE BN FELER B*F’“ 2 ”fiﬁa%’éﬁ% *
ﬁfr i jq 8 4 g 2 R (Pizziferri et al., 2005; Poissant et al., 2005) T v '*4 5 7 1‘%94%55*

(R Y AR e l—zk’]{,,,vpéﬁgk'ﬁ*)?ﬁri % ik 2k (Earnest et al., 2004; Wlnkelman etal.,, 2005) - pt ¢t Ep Ap
ﬁigpw—», % > Lu % 4 (2005) =y ?553;?&)» T+ [?ﬁfﬁ’m—l—%%}m 2V NS N xffé bklfézl"} N
FCREY SN ) ;%ﬁﬁﬁi’kfﬁ%»m+%ﬁmiﬁq%°d“ﬂﬁ’wﬁmi
i k& 75 g Famed o A H - %‘I,?P““rh’ﬂé’:—?'ﬁ/ﬁﬁ*é ?f‘*l‘%'}}%%g Hoop R E '4%51%
BedTeniE B AT i ¥ Mj%ﬁr*'@*m jseenB Rl Ak @i £ e ¥ % (Kinkhorstetal., 1996) o #)
Ltﬁ;}}%)ﬁ&#’*ﬁ*/i—l WA B e L H - FRIRATDT I HE T 5 - RFReari
PoBERERRERLT I REIE 7 v gg%ﬁéﬁ?i{iap?ﬁ? s E R ;g;ﬂggﬁngxgg;)%@;;gfﬁg T
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etal., 2005)
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TRk m/F R ﬁHﬁ:(ISlIT) = # A& (Sophistication/Maturity) £ 7 # 47 3 4p B = ik ¥ 5 4 0 E 9k

o A YU ERERIERAH O FEREGR R L i ea i g“:ﬁ%‘ﬁﬁf’“ﬁfﬂv B
(move) > @ & Ap B P B 7 1R & P et 58 kg i o Kuznets (1965) %5+ Fi £ 32 345 (Stage Theories)# )
% £ & 4p31(Guidelines) : 1) & BRFE DL F ¥ AP FERAL D FRFE S UE 2) T - Bh
PR B - PRS- PRl RS AL L e s o AP RIERTARED 7 FAET, S ERY
R AP B L ) g ﬁ“WW%WWM&MWSN%)ﬁﬂmﬁﬁﬂfﬁﬂwﬂ$%&&5ﬁ
P43 & d Nolan »t 1973 #4 0 » 24 &% Rp 2 p ISIT HF R EFPHL DG ¥ 2 B 9755 fehd
B¢ % (Nolan, 1973) - Gibson £ Nolan(1974) R4 3% 5 B F 3 4k Su/F AL 5 = OB FF BUBRLEE A = Jﬁ °
B AR E R A A e R T AR/TRAPER Y DT k- B Fw BRSO ISIT dugie
th\om.;&irg* Ityfizfim’;b B X e~ A BFEE A PR E ’mll/s\- [F R R s o SN N A
W) % 4= 4e(Initiation) ~ #%%z(Contagion) ~ 4524 (Control) ~ # & (Integration) ~ 7 #L ¢ 12 (Data Management)
g4 g (Maturity) o 0t 2 R BB T % A TR TP R A AL A ER N B LR TR
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3



SN TAPPE ARG - B R SNIFREAR TP PR o W 3R A - F L R
mﬂ“ %)\’rﬂf;ﬁ!—g’ﬁ’\ ~?F}p~fiﬁ%—)\w’“‘)ﬂr$—[:}i’m§xfﬁrkg ﬁ’zﬁ&,g@%)\maf\«%u%
P ”‘)Ibyf—l:}j:m%)\ LSV ”‘)Ilj—l:}j:%)\ €N — ik SADEMF R AP AL F T M
pE AL E o R ff o=k B 1w (Gibson & Nolan, 1974; Nolan, 1979; van de Wetering & Batenburg,
2009) - @ IS/IT =3 & & £ 7= &2 |S/IT =g e (Evolution) 4, & 4k > 358 IS/IT = 3 B FF BBy 384t
Rt B IR K ST BN TR E R (IT Structure) e 5 5 Ak TRl E R R L BRG] H T 2 0 B
B IS/IT & BR BB ek p o Tl i g min - L/ L“”"Hi#i% K7 g RER FPREE

Hozs B AR T E? SASEVECACE | limFl 2% %‘u*ﬁdijb'?'ﬁ,}ﬁ‘rmﬁhriﬁo o FERE M 5 o IS/IT = 3 & 550
R E R IS/IT ARG R MOE R A F AT ARL L hE R BEEY oy h G 3 YA
e = &’U’zrfr;\ MRS AR AEE 0 4o 0 & ¥ FRAR$](Holland & Light, 2001) ~ Intranet §
i¥(Damsgaard & Scheepers, 2000) ~ & % % »x(Jiang et al., 2004) % -

3.3.2 g:&ﬁ;ge fhE® A RS RA

EAREWE ISIT A RARNHfFeM # FAPAKEY RN PRELTAFFART SFEE
B - Fﬁﬁ‘*?%‘é—’:&‘ ARE > PR T RGT BT R AR E T RO ERE o KA o P

BOAS/IT = 3 A F 5k A % m#ﬁ&é?’ FFG e A FR P A BIDAEHF R IR 2Tk S A
HEa3AE (Pare & Sicotte, 2001; Liu, 2006 ) 11 % %rm N RREAS B /P‘a’/‘l& TR g%wfgﬂ&J#,, HER &
d 0 PACS Jk SLi& (70 ~ 4534 » § #0 PACS Ap M Hfienp AR~ 3 > 4o} T3 preni-d o B » F R
WHM PACS # * = AR B G 2% 1% e oA 5 - 38 & & k4% (van de Wetering & Batenburg, 2009) - 2k @ IR
3 PACS i S/ s ap M F 3 éq‘*“f pPﬁr;pmé;\ Fe B Fra P oFE T & 0 ] van de Wetering ¥ Batenburg
(2009) 1 * BE & I 12 4 - 50 & (Structured Search Queries) s> 3% 4-%+ 1996-2007 Hp ¥ 3+ B (& £ |4 Hp
TS FAEAE A g b Y 7 P R AR R AR 34 & PACS SRR SRR Mg
'!“n‘ L AR /—*thﬁ IV /I?ei F 4 17 i (Meta-analytic Review) (Fi& - # A 4727 fF i » Bt di - B #
7B g’t)‘bﬁ,\mPACS = 3 & #3% (PACS Maturity Model, PMM) » & & — FFgc i 3 2 *z‘%f@;mu Az K B
(Process Focus) o pt & i+ {T¥ f T3 u PACS = 2R 538 #ey v %51%‘ WH L SeBp f3H A PACS = £ &2 =
B~ T+ & s 4% (Electronic Patient Record, EPR))2 2 H v & T3 & Soenifvd P 4 o @ 4 050 2
BT - B ® 30E:E  E i 2ot g(Benchmarking)shd & 1 & » o pF { 2] 5 243 PACS f1 4
2% B enfE & i 05N (Integral Alignment model) - van de Wetering ¥ Batenburg (2009)%#&7 PACS = #
B A& F UG = BOR HA]E & (Capability Maturity Model Integration, CMMI) 5 A # > & %3 i1 %
£ B PACS 3 B AR L if e AR B @ ko ApMARS ¢ 7 T L)% S 2R B E BT
BAIRT ~ 1L E 3)}_1‘%'[“* PACS 12 2 % 3 i* 1§ A 3z4k(Electronic Patient Record, EPR) - & {s » #1212 [F*J%ﬁ
atrEfh- Be Feboin PACS = RRBCRI7F 4 0 24 T Fe B4 8] 5 PACS [k Su ik #35% (PACS
Infrastructure) - PACS S Sl 42 (PACS Process) ~ fif i 42 % #% ¢ 4 (Clinical Process Capability) ~ # & ¢
72 £ 7 (Integrated Managed Innovation) ~ 2 2 2> Fe it PACS /4% i it (Optimized PACS Enterprise
Chain) - 8 #% van de Wetering ¥ Batenburg (2009)# i & PACS = B R HAlehA & 54 4
SR B (R A | S R A ,-?m%l%‘;i ¥ P i EN T v[—‘k%g&ﬁ%,ﬁ'ﬂm;\ %ﬁﬁ:" oA A A e
TREHE > Tdg I F - PR RO chR s T H AR R BT R (TR - AP B T AT
7 o F|$ > A3 -2 van de Wetering &2 Batenburg (2009)#73% ) e PACS = 8 & #5558 1® 5 1254 %
*}#Eﬂi T 5T R PACSRRETF Hfrs BARY - R - B * S EP PACS ecn= AR K » &
MRAMZEFFEEFRRAT(FEY TR FR M FFR)SHEROCBPACS FRAN 2
TR > B fER P PACS S R R » X 4psl AL PACSHE S » -
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A& % 1 van de Wetering £ Batenburg (2009) #74& 11 e PACS = R #-3] ehA & 5 ¥4 17 5 4
R R H S B 5 FRATT R A T AR A RAAM 2 o { %% (Pare & Sicotte, 2001; Liu,
2006) > 122 B} PACS Hims § 3 g s BARR K 4e 02 1 > B fS 5 B I - B ¥ 2P PACS eh3
BOR B i/%’i?&%‘ﬁi PACS ¥ 7% %2 & f o Bt » 475 %47 M PACS tha A 58 2
d PACS AafzEzx (% - PFE ) PACS A (F- MR TRRARA RS ($ZpR) K2 ?g
BIFT (FmFFE )~ 3 2 PACS itz nip it (%I FFf) 57 BIEE > 20 T4 7 PACS & 3o E
Wigs e (4 KIF ) k- BREEAMTILYORG - BiER 0 F m#m T X ¢ 535 PACS MARE
2t (Process Focus) » # — B i 42 £ 2E & %FI%MW‘@%%’?*w@ﬂwﬁim+(%&)?§mu_
7\?’%"’*"*%@”— BREE < R FH- PRI PACS HEFBN T2 R A5 s LF

FEEL (% - 2 52 FE) MEFMGRIMEZFERDE £ by AEF e BERNE R a S
&*” PR R R R o BMEE R A Ve RS VT RS § e
Bk e o AT R HACR 1 A

5. 2= PEPACS A #2181t 1. PACSHA g 22 3%
45 45 8% FRPACS# 42 1L AL B AR
PACS# %2 £ 37 AL AT AR
2T PEPACS#Y 52 4 2 A HAR A AL
s & B F SEPR&Y w2 5 AL BT R
4. B o E A
N 2. PACS#.
TP/ 5t 42 A M e
BE RSB LR K X 3% PACSi#i42 & #3% %
A8 B 3T B Bk eh 3 A SE MR ME A
1 PACS % 4 PACSi v E 5% 2 £ {6 A TPACS/A 42
#7135 PACS$2EPR % 4~ N RS
% B A ERIES BT
& IR Bl 1%

3. BR R AR X ILAE A

2P PEPACS 4 28 $24% &y
PEH/ Ak RS 3

T & B IR

AR B R0 ER R X%
HIS/RIS/PACS %4~
IERFEEIE

REGH/ CURTFEE

W 1A% 5 % 6

WTE A AT EHE L ARG B RAR B P oT L  PACS A#HER (R - BE)HES 2 e o
PACS ~ & § — #ci+ it m?}%% GREG kAo He 7oA ?5:},%:5»‘; D eAp B 4 (T AR et B
f%’»%x’# 3 £ f%déﬁl% CRYAR BRI E T E ¥R An R A RV Bt ik (TR R BBk 2

$renE & 54 F %(Blck & Lenzen, 1999) - Anderson ¥ Flynn (1997):% % PACS # W& 7 3 tvpEh >
Ly B - B3 @ S BIAG T s R g ende R K AL AT et R ke T ~ B~ 22 Bg ot o Huang (2004) B3



PO RA Gk XA AL E 2 TR A% A% 57 e & 8 PACS-
S FFE AT PACS B4 B At FR IR 0 D0 AHBRF RSN 0 ¢ § Bk
B in AT ~ R AR~ B AR ~ R AT I AR o Bt 0 PACS AAEER ¢ 7RSI AR
FO0RE A BB s BT R e B R

B PACS FiAZ(% = BB G 2 5 TAPHDE » AR ERMG HITER %i’ FlE G h
T E AR ﬁob T it ﬂfr%awaﬁ A TR AR R SRARE FTRE @ F ~ PACS A sis 0 R
FHERGH U s BenFam diE 54 R AE(Fu et al, 2003) - 5% PACS éhig * » B B 4ap i
(Internallzatlon) IARBEIRP eniT ENAR > 2 B v A LA 0 TR G O AR E ATR
2 bt A 1 iR E ek iE i > PFR G - PACS 428 I bl ok e v 3R (Reiner & Siegel, 2003a;
Reiner et al., 2003; Reiner & Siegel, 2003b) - st F# L & 8L 17 & %@%sg?ﬁﬁ 2 2 Ap B 1B 'rh;? fad {E5m
ﬁ?;w pLoeh s Pﬁ)%ﬁﬁ ;g\wg‘rua FTHEFEL B E@ER > T Fm-&r'jj\-f‘r iz s L >
g;f%gzg% SeiB (T o pER Y dA B TG R iﬁﬁ—rky.J PACS inAzn »cf o F]t » PACS
Az e 3 PACS AR E#TH 3 ~ S F 2 FHFEE ~ it 4 1 PACS inde ~ 479 L L ~ FiLirE
FI BB ATRAIAEAHEN S PR 0 P AT PACS G ALGuFEC I F A ITAR R H R EIL
4 & (Laetetal., 2001) » § #:& % 4 (2006)#-PACS % » t5753 % A 5 T o ~ S8 # 1Woc ¥ g bk
F oz Hu»xFEe 36 o fphE i %r}%&v’%%» PACS A FALerkAE » @ TRk 2 F 2 & & p
PACS fr HIS % RIS i $Li§ i /i 6 & (7 55 & » 1€ 40 W BRI AR T A 4 o L s 0 R il 2%
et TR F Pk 4 R 17 %72 AR Sk (Becker & Anderson, 1994; Cohen et al., 2005; Crowe, 1992; Kinnunen
& Pohjonen, 2001; Mullins et al., 2001; Siegel & Reiner, 1998; Wadley et al., 2002) - @ “g % PACS & * »z
&R BIE IR %flﬁfﬁkﬁgz}%% PACS & * #Fﬂi >t PACS wiE e @ﬁ%] v X e i R A0
TAGRGEREE > 2 31 iR AR F > RGP GG AHOTRE L T RATRRBE RS
7 vkft o @ 56 PACS jiiemz i » B4 VR SNRIEE R/E€ L2 T 5 F Y (e-Learning) o Flt > TRk
AR e 4 & 7 2 PACS iz fi?ﬁi%] MRS A UL }?r,‘é, B~ s AAHOTRER L
HIS/RIS/PACS £ & ~ 1 i I « BIEER/IELHT I EY - Bk

BEEFIEAIRTS 5 SEF 2P PACS i SuehR L4 % > PACS k SLenff & &1 B 12 L RTER bR 1
LA RTER L HRPREH SRR GLH S ARERRT OGS &
BES G o PACSH-E £ 1 T+ 1o Bedr 1 2 Bl B TR & dn M = 2 e gk in Az (Fu et al,
2003) - @ o AT F G 4T #:FLE%;fi:}i% FRs R > PACS % R 4cie #ATE P L P £137 0 2 "
B i s KRk AR Feng Kt o 0 FRPACSEY IRAARABEUZ AR &I TR KM A
FF s (PMd et al., 2004) ~ A & {2 FF 47 # (Intelligent Data-Mining) ~ 12 % & 4 £ 14 iy 41 48 41
(Quantitative Control Mechanisms)(Huang, 2004) - ]t » £ & g I E|RTe 2 FI8/ a3 308 4] - ok &
T8 LA B S AP ATE R TR Y BBIRPACST 3 ~ 42 PACSEEPRE & ~ FEA FTHFE -~ 77
Bethle & 158 = B %8 &2 HPACSAZ R > 6 » PACS i o B i M P B A 2 & 5
Py e R AIRTIR AR R R R S P G R R A IR AP B AR A
B HEE o R P BEPACSE & T+ 14 s e d(EPR)E & = 2 & » Fpt 7 1 PACS & Sk b it
o X R TR i B R RE ST & 4 F IR &k dhiwoc(Synergies)(Siegel & Reiner, 2003) «
L FEERPACS flvengp B e 20T £ & F e &2 A A L ALEE & - PACSHr e B B * (Ralston et al,
2004) ~ £EWEB 3 A # T + 1t s & 3e8-(EPR):E 17 82 il &7 2 #(Huang, 2004) = & eyt FpEs @
2 LR ENTF 0 :}Iis B 254k (EPR) e * 11 2 Pgl,%‘ & ;E%,H]&Fé“ffé‘ EFF R G B RS EAIATI AR
A E RS 2 P e B RGE I AR MRS o Bt 0 2 RMPACS AR ¢ § TRk
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PACS#. iz it ~PACS/R A2 £I#7~ 2 EPACSHh= 2 & ~ 1 2 s & 5 @ wEPRDZ 2 fF & Su Bk
AT R RHE S Y AR R R ek L

LTS >~ R 2 kiR

5 2 332
PACS A #2E & B IE PR Anderson & Flynn,1997; Huang,2004
BB G AR Anderson & Flynn,1997; Huang,2004
22 »z\@ﬁi%,ﬁ i Anderson & Flynn,1997; Huang,2004
BB T AR Anderson & Flynn,1997; Huang,2004
PACS 7~ 4% PACS /a4 & 73K 3 Laet et al., 2001; Siegel & Reiner, 2003
SHE TS Lietal., 2003
B g it A 1 PACS /4% Ratib et al., 1996
Ao b L SRS Ralston et al., 2004
R S van de Wetering & Batenburg, 2009
LR & T > Bt PACS 32 &2 18 iy Fu et al., 2003
Ak e ’ Huang, 2006
BHEER Lim et al., 2003
Pihs AR OTRRE L E Crowe & Sim, 2005
HIS/RIS/PACS % & Li et al., 2003
1 iFn AR g 12 Kari et al., 2005
j&r—'g #/ ey TF8Y | Fuetal, 2003; Huang, 2006
e EmEIFT B/ 58 4 Lim et al., 2003
Tk & U J.—a;ia‘%; Crowe & Sim, 2005
AP BE RT 8 BT iR Kalinske et al., 2002
¥ PACS % 3% Lim et al., 2003
4= 9% PACS ¥ EPR # & Ratib et al., 2003
FEAFTHEER Huang, 2003; Munch et al., 2003
Tkt e & 1F Hood & Scott, 2006; Whittick & Gill, 2006
2 B PACS iz enif it | 3% 4 Tk PACS & i 1+ Munch et al., 2003; Munch et al., 2004
PACS 7= 42 £ 77 Erberich, 2003
> PACS ehx > B & Hood & Scott, 2006; Whittick & Gill, 2006
ks 7 o EPR h% > % £ | Huang, 2004; Whittick & Gill, 2006
A2P T RRAEBZFTHRLS T

AETARET S L T SERRETA, F A KARAEMA TELIBENE PACS
A ﬁ*’“"”*%ﬁ M f o UBjE PACS B EILRS A KB EAEY o B KRS RHTR SR

REFERGAAMATY > A8 AP G A#H > PR Re D T B FE PACS Mg % &
‘*&%i%@ »o@ AR - R TR %g'/,%ffm”ﬁ’ PACS & 4 & H:\ crfta) e B* L 4= fp o 5 AR R0 ¥ Kb 2
EF o AR AN Y B R P R KA HFPEBD 0 B OR LN G R 2

dohP R AR CRMPFEE) 2 2 F R T E LA F RN E Tk R R
PACS = 3 & % ﬁ_v&i;}ﬁf’ﬁgéfg RO IE iy I B2 AR U FE - PACS S BB HEN AR R B N % A f*bf)%“ﬁ%
B e ¥ 2 B fo gt b RAT R H N 2k A 45 % & (Content Validity Index, CVI)+ > 0.8 ¥ % B 35 i =
R BB AN 20400 d LT AR B L LB UG FOCR o DA R H >Rk
3o LM P FHEIAA Fd A A(F)UL RAD BN FREVERT ﬁ. TR - X
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r+’wA'”Tfl‘%\€/\l'F)§_i "i’lmF}/z"FJJ ‘:—/\éF'T""’%bt]/iﬁ"1’7‘{?’\'—%"’."/.,{?;75.—?2‘
Rk o Bfl o FEMTF R PACS S RANN 2RI EL(F )V L R e kA EFRRRTEL

ARSI U %—a‘@v;% T LR¥BIBOTGHEESEHEP P nFRPE (FF
Poss R F R E i*‘é??}‘m‘i% i FretE- 70 == RFRP G ¥ %2 PACS )k 3uad § e bt
PLE(FF&LFAR) FRIPLE(S L F PACS § B HFRIF £ |) PACS i siehiig # Jf(g

DERESNTCE R 5 mzv B iR I LA E B IR 7 AT T H % HT PACS & A HCS i 2
Bk B SR - BT RN PR PACS &R R IR s i M TR R dp M A T R

B
1

® Q‘L%&'f}?‘%

hy

5.1 A FHAH

AFEIURAPZ R R AL FRRATLFTBE - BEFRAL LTRSS SR MER
A %51‘%’ r«;g;aagc; 1290 /& - >t X K 93 &£ # » >t PACS» i E RS 2ty BRF R H
T’ﬁ“93ﬂif§1 S rBeg i iER o H2 B PR 7oA PRSI S S EKG PIE v - §
F¥3E 0t TR FAXMEG 434 R \*{R/]L“KF'“? 125 4 (25 1= fﬁ‘ﬁSl“ﬁF“”‘ Y4z
.,tm AR) SR L PACS # B i HH o d A PACS A#HZEK GG 0 BRFRAGEE
FREFAEEE 3T AABHIA S L 10D § iE bz g i 1€‘%%“mwms
PRar r o B 120T ez ik k4 e f@;-’&%ﬁrm_y Qm;gﬂt—?gé\?gmifi{ (% ~50 ek~ %ﬁ
FALEEFTLI6E P BB AEF Q&) i ppEr (9 -~ 40-45 K - Fg)%‘é_fi& 15 & ~ p w0 B iz
EF15# ) L,f,Lng;F( ~ 40-45 & ~ Pg)%‘ﬁ;ﬁ 16&*1%7’3'*«?1“/?11-& OIB;-’?:-PEF% & T
%gy;‘b;; B2 FRABE X F o Bop ;625 & o B AR 94 # HE o 2Pt PACS 0 ik E H B A 2
Boftd Bl R H i #2005 E & 2plry (FE o Hak § R e 7 nsff - ECG-EKG~ 7 2
.)]‘;‘;,I‘ﬂyfl:{)@?r rF e R E P E . A TR 0 THINMPEF 19 A R~ TEIRP G 36 4
(6 Fpr 2L e gkfm ~ 22 Qi # v 4 f) > Tt 5 PACS# B éhi #H = - & & PACS A #iE
ho BEFRBIEET FAEEE ;H_l_fq)ﬁﬁﬁ," |71 2 P i iE 1Gbps % @ b2 o @i 4 o g
13302 44 i PACS JRASf * » ¥ e 50T chib> fts i it BAFRIZPLPF i Fngd
(9 ~40-45 fi ~ Pg)%‘ﬁ;ﬂ 12 & ~ P Bz F 10 & ) s ptgr (& 3540;% FRAFE
Fl3& -p#RBEaEFT6E ) hpFE (T ‘50%«” POFRAREFT 0 E PR EEFTISE )
BRFRCIEFFRILLF 2 Flo Rphts 583 (7 142 A2 Rgs/k) » B R Fladt A
B 98 &= & PACS: 7R ¥ Svpgfft»:{ wi: % PACS mﬁ-ﬁ};%l}"'&7 —cHsEy #Fﬁ]g ""{k/j'yfi\ECG
EKG~ 7 #12 ¢ FH &L E /™ » X RF @ P itE e a4 4 TR0 FRIP L 2 i % B
AR bR 7 A (1 ,«ng;p\5,«;;j;gm\ ME 1 xHT A ﬁ) TR L PACS # B eni $ ¥ i o
ot PACSA&L*”‘*& CBEFRCIEEFTHES G ‘élepSrsuzmmqw @ it
4 2303 82 i PACS JRA% ¢ ’T'ﬁ-"f"wE T 2 (55 kb e BRFRIE DI H L TR
©& (9 45504k  FRAEET 23 - p BB 21 & ) mabpptgs (4~ 30-36 K - F
FEFLUE pIREEFTEEE ) AP FE (T M0-45 K FHAFEFTI2E  p AR
PO E )l PRSP HFAATEEI T MM FO2 L E PACS B i Y B e G B R
F1PACS # 72 - & ;El;fi?lzﬂmw,ﬁ; RAFPLLPHEEF I RR DAL

=

3

.

PN \N %'m}

52 By ik

*# 3 i & 2 van de Wetering £ Batenburg (2009)#% 219 PACS = 8 & #7] iv 5 287 1 ik &
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S5 EHE o B g E - B TREP f%}‘* =1 ig * v PACS s\g’t}ifﬁxw # P > I van de
Wetering ¥ Batenburg (2009)%3t & FFEenfp b in4278 P (4 @ &% = FF B PACS inAn T4k P2 47 %
wﬁb FRGrE ~ 2 S FFEEE & F ImAIRT2 B 00 /S f 4]~ A M RTE BB ) e if
WOHOR Y AP A 2 R 2B AR FRIRATPACS SRR Z R o 2t REFRER B ARG
AEYERLORERE - RE S (ERAPFEFE DR SRR AT A van de
Wetering ¥ Batenburg (2009)#PACS = 3 B 58 £ 38 P & zé#ﬁﬂ*“* FRERBESIRLEREEEY
P FLRS B AP E R AR (R FR? s F i) £ PACS & F TR (TR T
BEFap SEIxAREmTAHE LN F o] S EFRTAF LA PACSHM B 7 B2
FHE R (1m0 2 FRFAFEFALERZGH 1 &5 20 #0202 Q2 esffri iz~ 1
2]l Es 20 £ P FHEFABLEHRZIPFE) SHE LSO EAGFRERTE 0 PR
P L AR R AR R R F AR RERF Ritmie - R 202 PACSERAER B
RN FACRE- T o A AR LR Y 0 FlAE T RA ST S 2 van de Wetering &
Batenburg (2009) PACS = 3 & -4 » & A 443400333 0 & KM% IR b gk Likert & &
(I-RZ2EF IR LS HEAAFFL)EFFE RARMBEF FL A RMR - 2 B 57 > 12 PACS
FREZITFE KA RA > - FFE (PACS A 2% ) 22 3 ILHJE.(FF % 1,2,3,4,5 5 RAR
FATRFE MR AR 6 LRI REFFRIL 2T ES {PACS AAEEP A '“E“é%iiﬁ—,%) ~
FEEC(PACS oAz )2 @ 2 b BREIFE (M3 ed RARIEZFEZ LB337a ) 52 (TR i fz
it ) £e g T f@:waweww RARERE RS ﬁuﬂ A ) s Fw iR (F & F AR
? TRHRERB (M d RAREZRF % T K33 m ;\) % 7 PFE (2Pt PACS iifzenipiv ) =
fﬁt%\xﬁ(ghﬁl&x"\’bc{ RARBEFEZRE A ) AT L UL R Jsfiifﬂrﬁ]l’\ = R HE
PACS 2 2 b % 5 Fln (FEY w~ mEFla 12 B FHFR) MY 5‘»»”* PACS i it B gricddfl o
E(FFF) s FTRIFLE(S f § PACS # B enf st L f) ~ PACS sk denig * F ()L FiF 3
A’T%w FHAEE LR {@%b§%ﬁim%¢ﬁ§%opfﬁmEZkiafm;ﬁgb%
TR "'m F s PACS iwie £ PACS AAIRB 2 5% » EH i & KR L B LIFTRY o o
BSEPERER G EFFIR L O v g R o 0 T RO BB T R AOR 7 F R et
WWSﬁ&W%m@%*ﬁaj%ﬂ%%PMB%@%%Wﬁ%O%ﬁﬁﬁf%%*’591$5§
i 2B % PACS o' 7 A KRB EH Z 2 & fo R FIFRAEE TRG URRT LB LR
BEEA R E PRI HL T o a ARSFREFEY 26 H PACS B* RimRIA R
PACS & Sl A FF B e m FFE o £ 37 F 4 505 B90 M el & 22 8 T8 41 4L PACS Jb* iR A & 3
Fodri Az iy » PACS & ipMenBiiflid AP 3 & A2 30p L B iop i |
AARES G 2 FIE o LRGP BT A o B RIHE G RIS o gt RO
PO 2 T3 o B A M st F 1 HPACS cnfF F 5 B g £ & chk § o

ke

v
N

N

R D O

%
=4

bk AFEY ETF B PACS =R B 2 FFFaTE & FH P 4070 (1) % - FFE-PACS A #HK >
(PACS Infrastructure) : & B4~ F¥ B & 7 o A AL K i1t ch PACS F20HP~ ~ i ~ B {olgn # i
TR K >8R B m‘?f i * o fygt ﬁx":?f%“ PACS =hig * § 3% 5 Plrfrie s B AL 7] 2 4
PR AL & Ak p ek L Bt R »’szEa ) x@@ﬁé;\ il gy - | ﬁ » 11 %2 PACS ¢
FREE R B RehE L 5 (2) ¥ k- PACS 4% (PACS Process) : % = FEEPpF > mo o [ ﬁ,.
A A IR BET S d T PACS iR f’rm;’;ﬁ- o pLPFECF T PACS (¥ 4R 0 X553 4 v
ARERTRII R S A 1 T E g Gt > B4R PACS 4280 3 st oh end v 3R o LR ELE BE
- &gggﬁg\u % 4P rﬁgﬁﬁx-ﬂﬁvﬁgﬁrml iTom E_mrglﬂ’ FH ARG FRICE I ERARDE FTHR
who0 R 5T I R (Filmless) sk B Az AT J i o2 A 4 GRS kR AP H A P AT - S RIF R
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PRI F Rk P F TR L 4 si(Hospital Information Systems, HIS) 2 2z a4 3 2k si(Radiology
Information System, RIS )z FFen® B E & 5 (3) % = FFE-Tok Azt 34 4 (Clinical Process
Capability) : L“J‘bﬁ»“f R R A PSR fvh o £ PACS ke e §F A TR E B E
32~ > e ft PACS i & &1 @%J VLR s AR W RS E S e g B o RGEFF D] FF B R & £ PACS
AR (T E R LS e Bde FF’B*I PEE T L2 2 HIS RIS &2 PACS i £ 425 - B
““FWWS*ﬁﬁ@*€%¥ﬁﬁ%%w&m%ﬁ*ﬂ$§4~iﬁi wﬁiﬁtﬁﬁﬁﬁm
EEwE s HEOFREEHFR Q) F e FR-FEF L ﬁ.' |#7 (Integrated Managed Innovation) :
PEECE R PACS B & F SR AIRT > 4 7 B ap:u PACS # & 1 &+ i s & 3o +(EPR) 1 & Bsbedic i g
G AR < e o LIRS AZER Y ATE T ?J#iﬁr T2 s 4 B LRI TR S AR
R B > @ R T A B PACS & *“T‘%fﬁzm,i—g\Aﬁ o JLFFEC T BMAE &1 PACS hjzid > AV
* AT F A AT E T R4 (Intelligent Data-Mining) 2 2 4p B £ it hf 4148 41 (Quantitative Control
Mechanisms) % o i*wk Bas  FEFRARTSHAMET A5 - B 438 & ap 3R9pA PACS it
A2 2 R ifsdE  EPR fr & % PACS 4#(Chain)2 ¥ s & & 4425 1 % (5) ¥ T 1§ f2- 2 Bult PACS i A2
m:& it (Optimized PACS Enterprise Chain): }* F# £ 5 PACS = 84 B e B FF B0 B F 3t 5 >+ PACS
AT > PP PACS T R 2T 3 Mﬁa B 2e4-(EPR)Z 2 & » F]00 v 3 PACS & 548 it h
PSR TRAR a0 et IR PACS kv G F R % &+ eiFrz(Synergies) o At P4 £ PACS
GIEVE R e a0 T £ BRI D i 2 PACS F e I aF e L g PACS ks R G R
PR ARE AR s A IHE 5 PRA (BARAR M ISP R AR) S F RS L 1A B RS ST A
ﬁﬁmﬁmﬁwb&*ézi%&mm+“%&pﬁﬁmwmﬂuﬁf%%éﬁﬁﬁﬁbmﬁﬁﬁ
B b A EAIATIMARE A T E RS & F N Mo b R AR R o

5.3 41 112 3

B At AFTE RN B CEP FRRATPACS B E A RA RS SR L
PHEREIELEE =T R FRELL BEFIRPACS Il it * & aF » 373k 0 PACS
FREFNEFAHOHRE LA RABRILET R OPACSHE S F B 0 d PACS AA#HZK ~
PACS ~ f@k iR L #2iv 4 ~ FE FIZAIAT 2 2 PACS iz enipit % > & BRifIoe 7 8B R 45
HEEguLAAE E LB ITA ?5}%)&&1:##; Freed engd o r%}%ﬁ&ﬂ}#"’ P4 A BRI R  T
BfFed 0@ MY AR B 2 PACS & BORHS > BF R R FR - B ¥ 20 PACS ko sim R
% vt i (Benchmarking) shE £ 1 & » {7 (%2 fefipfad FA MG H P w2 T pAEIM BT SE
£ 4T o d WAFETHEY S SEBE SN EBEEFEN T ARE 0 AN RE S 6 F HA X2 4] om

Mﬂ Bk F oo iRt 5 LA v o B PACS el 7 3 FR S kTes &2t
Tk fp By o BRmd 03 FRa i R0 2 TR 8 4R 6 BB F R 1T PACS dhfF
Faade o A FFC R A FEA TR L A o L4 FFHE PACS chd B 454 o b b
Fi o AP ﬁ%f]ﬁ‘]‘%b’%PACS HguE g 4 & *K{:} LARFREF AR RLELS R A
TR AR R AL F RS '{n#?é‘za;i PACS ch¥ & ¥ £ - (s /75 7 &4 > M@ ¥ » PACS ih
R F R 0 ARG F PACS B E AT A e m g Ao HEE Frotg R
PACS = R R Fp £ TR PACS &+ RATFE A [PEEIF PR GEF] R « @ Jid ot 300 ehifsd
PR EATY S M F IR & T R E L Rt ke
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1. Rai-Fu Chen*, Ju-Ling Hsiao, “A study of developing and validating a PACS maturity model for Taiwan
hospitals”, 2012 International Conference on Business and Information (BAI2012), Sapporo, Japan.
(2012/7/3-5)
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FE UL R A RS e FHFH AT 50

i

S REE S EL L

- PACSSRAFE2ZFTRA

PrE | BE= BY I8 Jy i

1 PACS & $oB # 4% 0B B~ in A2 > 7 AR B4 (F non-DICOM & B3 § & ¥ R ik

PACS % %2 &% 247 mTﬁ BB AR 2 B F R i 84 (4e: short-term, long-term B i TR

2 ,
#12)
) ] 7 B PACS kst R BenF R fps > BB TR R A -2 7 ¢ af B L (PACS k5t * it a3
H o ®ih)
4 PACS & %t B & &3+ 2452 5P§ b8 -2 @qé% ;w42 (Response of Query/Retrieve)
5 PACS i stehViewer # v ~ Bim § % ~ 2 ApMA M T i i * ¥ F RETIF & Plr B
6 | PACS k512 & 24 en® > ¥ IS4 (4o 0 5 SLE BB FILE FHE )
1 F1 PACS @ £ AR 340 M B itk & Az
8 R % DB PR PRS0 R FT URE R SBE AT TR
Bl VOB AT AR F B 2 B Ul F R RER VAR R ERRELE R
} ? ~ WorkList 2 ¥ % #2 ek )
B 10 i 7E 5 SL(HIS/RIS/PACS % 322 iR B e A2 B & > PR S 2 38 (5 (F 4ofp 8 anP~ {8 97 F el f o 37
LFm%
. S PACSE (F(7 R~ M A 8) S Mg R HGe D RIREF AR DS w T~ B3R

TEFE) DR A T RGP

12 | &7 2 B2 PACS w2 fi’ﬁi%] Cporomdpptrae > 3 34 FHEPH2 A @ fLu]) 2Fiav 055 PACS T

LR RERGRAPMPE R FAR 2 RAF R AR W o [ FRE 2L
AR 5 S CEa-ELD)

13

14 |2 rpbsd oL pABRTRFL(EF - faE 2 Folder ¥k & 9T & B LT E 4R 2)

In

15 Bl AT el (TRh 4 R RIp R B 74 T8 LT T0hk = 3Y)

16 | #& &% & HIS/RIS/PACS # &

1T | Tk 2 ieiian S (PACS $0 Tosk & 2 2 # Ll et 00 1)

18 | B* i R(BRFER)/ ELUT I REHFY

ZE R/ AP RERH(E AN PR R AR BT R o et R AT TR ERE ~QC

19 .
® )
20 TRt TR (dor 3D £ RN~ R (R B )
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M R L e A L3 (Bl TN 3R e 2 IR T R B TRk 2 SR L L 3
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A STUDY OF DEVELOPING AND VALIDATING A PACS

MATURITY MODEL FOR TAIWAN HOSPITALS!
Rai-Fu Chen®", Ju-Ling Hsiao”
®Department of Information Management, Chia Nan University of
Pharmacy & Science,

60, Sec 1, Erren Rd, Rende Dist., Tainan City 71710, Taiwan ROC
*rafuchen@gmail.com

"Department of Hospital and Health Care Administration, Chia Nan University of

Pharmacy & Science,

60, Sec 1, Erren Rd, Rende Dist., Tainan City 71710, Taiwan ROC
mayo5012@gmail.com

ABSTRACT

A Picture Archiving and Communication System (PACS) is a high cost but high
return information technology (IT) investment. It also plays a critical role for the
improvement of patient-care delivery quality. This study aims for proposing and
validating a suitable PACS maturity model of Taiwan hospitals. A multiple case
studies strategy with three different scale hospitals (medical center, regional hospital,
and district hospital) will be conducted to develop a PACS maturity model. The
investigated subjects are the directors of radiology department (or physicians of
radiology department attending PACS project), directors of IS department (or IS staffs
in charging of PACS project), and physicians (the actually PACS users - physicians)
of the selected hospitals that have implemented PACS. A research framework will be
proposed based on the results of literature reviews and then this framework will be
revised by practical and academic experts of healthcare, information management,
and PACS management. A validated questionnaire derived from the revised
framework and corresponding questionnaire will be used to validate the proposed
research model. The data collected from the case studies will be further analyzed by
content analysis. The results will be confirmed by an expert panel. Therefore, this
study will provide a useful diagnosis tool for evaluating PACS maturity model in
Taiwan. In addition, it may benefit Taiwan government and healthcare industry in
promoting medical image exchange center and electronic patient record.

Keywords: Picture Archiving and Communication System, Stage Theory, Maturity
Model

! This research was in part supported by the National Science Council of R.0.C., Taiwan under
contract number NSC100-2410-H-041-004.
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