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(%% Abstract])
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YT © Nielson f5HH R R 0 BUARBEENSHARCE 15 A
Paul RIFZ R &K R 0 BUEEZH AR IR BB %
et Zal & 9 AR FUETT ZBIERFEIE R R 0 80% -
FRBRESTIUE Paul BYT575 - SRR  RI6FENEIEAM SR
EEIEREIER KR 080E - R I r2sl®E 24T 3EE -
M EEARR 7% /EEMI%?I:EL%HT  ZEEAERRGE ? H
[ s A Z2 SR ? AR e LU RUE A T ARG LR [H]
R SRR I A B S e [ 2 (B 5 > WL B IR R EdE i
Fooxtirlesd - DR nlfE BIREUEE TR aER 2 2% -

Card sorting has always been recognized as the most economical
and effective method used to elicit users’ cognition. Therefore, it has
been applied as the most common method to design libraries web
information architectures based on user centered concepts. However,
according to Nielsen’s study, to conduct card sorting experiments, the
most appropriate number of participants is 15 people. Paul proposed
that the traditional card sorting method spends more cost at the
participant number and analysis time. Thus, he suggested applying
the modified Delphi card sorting method to resolve the situation. In
the modified Delphi card sorting method, there are about 9 (8~10)
participants to conduct experiments in a linear fashion. Beside the seed
participant, the rest were to revise the card sorting result made by the
preceding participant. The final obtained result is regarded as the one
of all of participants. However, Shieh and Wu put forward the refined
modified Delphi card sorting method that is similar to the Delphi card
sorting method. The refined modified Delphi card sorting method has
a total of nine participants. But it limits rounds to at most 3. However,
when applying card sorting methods to website construction, which
one is appropriate? What are the differences in their effectiveness
and cost? This study applied algorithm analysis method to explore
the time cost differences between various card sorting methods and
their performances in findability. We also conduct corresponding
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experiments to collect related data as evidence for analysis. The result
can be as the reference for the future applications of card sorting

methods.
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fEE b Ay PR s IR > A PIEE T (R R s _E LA IR
FEAVERE - —LhaguhiE tB i SR - DU BhE F & (e b
FIMFIBTHREOANE - NILAE AR ERY AL > A & 300 F & (5 A
REEM T > & 2RNENHE ECERMAEREAERE (Rosenfeld,
Morville & Arango, 2015) = 41{al & B f A & A4l _LECFAA ROt AR R
PR HIRNE S S b TRl B A BV EE EHIH © Hawley (2008 )
fatt > SO E REMEMEENATRILE - SEuhaea 2N (8 LT
it EEGHEMFR T ARE B HEREEET - RR 28
A ELIGE H PAS [ E s i 4808 ARy 77A 2 — » A
WA P DARE A 22 R T O b AR i e s T i B LAY 0 > T RhEs
HEFENZE | MEEEREERRR 2 BUAR EhEET %S
12 BEENRHEIER HRARFN M8 - SESHRR 8TA
FHEE > Paul (2008) 2t TEIERIEIE (Delphi) KA 280E - WikE
HERREUS - MERE TREAASIRA > 1 EER K THESR -
2R - BIEE A ERRAVESS - (EIN R A R AR ZE BN S e A i 48k
gk b AWl RIEIEAEIEA R R AT ASEZEM - 2010 5
AR ~ BB RN THEOENE ERREIE R A B
LIFEIEE e Z W Ry R 805 %

AW FE IR — R A B SR A /A FER R 2 BAZ
Eed - A LA LA Ryfiad HL I BA s 2 H 0 - AR DR B AR RE
ERKERR THENZ2% -
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Bl - SCskE
— DI

KR 53804 (Card Sorting ) 71 11 8 £} 22 5 B8 2 GH Ik vp &8 F 1% FH
E B S SR DA AM0VAEE » aEd =R R U Es
(WCST) (Robinson, Gray, Ferrier & Gallagher, 2016 ) #% /i F A5G
ZEE R EAEE ST ~ RS A B R A RE S DA R 81k
YK o Upchurch ~ Rugg £ Kitchenham (2001) f5H-F R 53 LH
H* George Kelly B A\ M HE 5% (Personal Construct Theory)
i\ NG PR T - REAHN S EEYNEERE - (HEEERE
S 3 [ PR R TR R R PE AL > AP A 3 e Sy AE M R ERE A
HIFFE - RR 3 BVAZR S CHET 2 AR AN B 225 F DLy i 4
UEZRRE (=R - SRR - S - FHiEE 0 2016 5 Khan & Mathew,
2018; Mahmood, Adnan, Noor & Saman, 2018; Paladino, Klentzin &
Mills, 2017; Sari, Sabariah & Effendy, 2018; Schmettow & Sommer, 2016;
Whang, 2008) ° Hawley (2008) f5it » HEMFZHEHNBER S
HIAEIE > 204 - dEunhEEE T E M R S B R il R R o BUAKE
Bhasst -

KR BUAKE WA RZREED - AR EEETRD - EAMERH
VT AEZERE - FEHR R R B LR A E A RN
BEAH - BN R AT AE R — (E QRS &8 5 A F £ B S A AR B
HREE 0 AE Bk ETHEY —(E 2 F {(k#5 - Rosenfeld ~ Morville £ Arango

(2015) @ EsR R 3 BUERENE —TRERH AW TR 7% - [HEA R AR
FHEAHE RIVED > B AKNENEEBHE TR — - ERMFHE
TSR P N ~ B 4 ~ SO E A8 E Y A (0] 6

(Feedback ) » FBENF A] DAEH R R 0 80% « KR 2 BUAEHRES
A G EHERIT SR A R E RV EE - FIans R T EGEC R THIPR] -
PRI & A AV B S AR E R - B2 el g 2 R A A LERES -
KR 3 BUET AT DAL SE 2 sl B VAL » N a2 ERES MY
2 (Gravlee, Maxwell, Jacobsohn & Bernard, 2018 ) -

RRABEERER T EEZR B — R B EANA ST
REMEFTERNFREE - REBEEHCHEAETHE - REBEERIE
T RRSBENS BAREEE - RBBOURE 2 57 BRI
R 438 (Open Card Sorting) K EEATF A 43 %7% (Closed Card
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Sorting) (Spencer, 2009) ° HFAN KR BUAETR > CFETRAD
MRE B E B AR el E T HEE A ESNNER - B
BEHHEEEEENSHET - FGIRR 2 BEAIREE AR s 4
st 2 PEEY - B2 E SR i B 3E > N T
HAEZERE > WAETT O BEEEE i o BT R K EERIER
AR RR oA R E SRR ETER > B2l EREE 7
ATERHVERF CGHEERE ~ a7 0 2010) < HERGFRR 5 8UAH
FTENGEIFERR - M H2ZelE K EHE HAH S s 2 el
HEZNFTANILIAHS: - fE35 S > Bt g 2R s E WA
e T BRI AATE S (Spencer, 2009) -

KR SBEAMEREN Y& L8 KRET 7 AW - YHEEE
BUE & - WEYEREES S LT - HEREN v e R LR
HEHE > MBS EHNEEERE LRE —H T2 - EECEaRlE
FIFHEERS#EE > 40 USort ~ EZsort & o

TR ABARBAEBS « R EANFEK  EEHHAE LSE
AE I -

TRABESAREZEEHZ/VRR > HRRBEKS > I
ANARFEWHIEAIR LT > £ R BERVINENLL - BT FE 25T
o WHEFEFFEMEZR  BENERETIRHME S ETAET R ZE
4t i1 =8¢ #2 $1 B ( Deaton, 2002 ) ° Rugg 1 McGeorge (2005) ¥ &
LR E T THE 2/ DF 2 8 ([ - 155 0 Spencer (2009 )
RIIZE A5 30 2 100 {[&7H H 84 > N A/ 30 ETH H A R e 5
S M2 100 {EIE H AR EER - A5 SR8 R R G
AT MR BRI 24N - MR E 2 N E e —
LA R A A0 > AT DAL EFE A 200 {E DL EHYIH H o Kaufman

(2006) SR EEARNRR BEES T 20 ~ 50 58 2 K HIEER
et T e lANEEHREME > FREZLUFEAHZF 200 RIVEE -
Hahsler 81 Simon (2000 ) FEZi0E 7 120 sk~ /> HALZHE
PRI 2R AT O A 5E R o R B dan 24 7y B A Tl 25l - (RIEEE A
KRB HERNEEE 100 58 - K7 TH B ZEEACHEDY N A 0T 8E Ry 48 ik
B—EE B EE ~ TheE ~ —/NEFVEE ~ S BE EEIEE - G
BEFE Ry fr] > BRFFAS BN —2E > TR 25BN B K
W - 2THE 2 B EZ B 2 OE - E2esl B o DUET Y
B EIE (Spencer, 2009) - HyiEE K5 TH H B2 E 2K 5 (F H
# (Hawley, 2008) - W9E ol IR GHRHEN 7K - 2 E T
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HO P 0 Ry B SR (B 22 A ME R BT 178 B2 AR A MRl (Usage
Surveys) FHEZ i\ E & HE HHNANEEINEE - FEPREESIIA
FRHIEHMTFE (Kaufman, 2006) -

THHEW a4 EZ B 5 > MR A > v DR~ A E
DA Fa s B BB iR » R —iRk-~ R AEBH SRS A LR B A Z 1289 70
%55 (Kaufman, 2006; Spencer, 2009 ) o F85 48 1 2 55 s o Y EI Y 7
= o HEEFINHE > EERT I T 55 M (Kaufman, 2006) -
R AR AR SR R A 100 x 150mm B K/ > B T #ETT o SEM R H DL
Gh - MABHINEF 2 AR R B2 E T DI I EE SOEE  (Spencer,
2009 ) © Robertson (2001 ) ZEEE({HH 76 x 127mm A/NYRE 0 AN
ELUEENER  hErEHRE DHFNER -

KR 2 BUE T B A S E RS 8y T =TT - (AT TN i ZEt
B ANTEARR 2 BARR S BUAETIFERE 25 B BUE A H
ZEf g DL R HAT BEET am B T s B - EIRSHETT T SR B 2 ek
R FiRE RETE R RO ERSEE B EEN T
2R - AR L R 2BARDEAKE TR Bl EH AR
{E » BB Eiae 6 LT - miEAER RS E T EHE - R T
SR HEER 2SN - REIE gy BUEfE TR E RS - B —E20
FHYH#ETT =, (Deaton, 2002 ) ° f£578 3% A# | > Robertson (2001 )
Tt E 2/ DRE 4 L - RS R/DIR 4 1 FrBa o trss R~
KRR - FHAME IS R ETER R R 2B —H2AHER
a8 fir 0 R Ry NEUE 2 S S DA HIBE i - H g {E&ERZHFMH -
Spencer (2009) 58/ 7 ~ 10 fuzid & EEEN » HUWRZHEHZELL
B8 R BT AOHIEE > B3 AN B—4H > LA S AHEEZa 4 (315
I ZeHE ) GIFEE(ENZES o Deaton (2002) HIFEHZEHRA KR
SREVEINIHSE 0 2 B 4 & 16 A - Hahsler #1 Simon (2000) H|
P05 E G 7 5 B A TEEHIAE 5 2 10 iz » Tullis B4 Wood (2004 ) #f
AR R 3 BUERZ s NBUETTERRAYNTST - Tullis B2 Wood (2004) jiF
NEZAEEEOIIEE R 168 i1 2ol BT &S R Mt - BF5T
GESRLEEIR > 20 ~ 30 fu el ERESE T 0.95 BRI (RS 21BN~z
A EHE AR SR RE - (HIGIIAVIEE AR K - Al Tullis B2 Wood
(2004 ) ZEERMEM 20 ~ 30 fir 525 # © Nielsen (2004 ) R4 HEIHBH
gebe R - el R R AT ANHLL 15 L BmfE  RBE
ZElE NI I — /& (30 A) - HHREGEBIERS T 0.05 > HATL
ACE—/BEYANTT ~ W) BR - B Al Ry 15 fir 2l 2 o
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ERZBAEEE A LRI - AL - PR AR 15
e

— - BEREFNFR2EE

R TWEESE R S BEAEZAEERE Lo EvitsE
Paul £ 2008 S22 N R BUAE N 5= > T AEEREIERH
SEEE o BIERIEIE R R 2 BUAEEBGNR R o BUEE ML TR
EZRH AR ~ R - DLURIFZE R S = SR Y 5588 o FRIE
WA 285 E - A ENEEHESE S (Information Architecture
Institute ) 4% - Hawley (2008) 325774 0]t BfEaf R o038 E
Y FE R AL -

Paul (2008) $ZEHIVEERIEIEA R AR —TEREES=
AEIEERA RN R R 5 80E - BT sl & B A 2
AU4E IR Rl aE - SRR 2 ATy [E] SR RS ey 5%
GERRLAE T L ZsE - BRRERNAER TR B A2 E 20
B o EMHERNE R E -

Nel-Nel Yol %
N N S~ N~

Participant 1 Participant 2 Participant 3 Participant n

1 BIEREFFINFRh DA ETOI
FH AR © “A modified delphi approach to a new card sorting methodology.”
by C. L. Paul 2008, Journal of Usability studies, 4(1), 7-30.

EEEAMEIEEEANR-RR 2BUANE RS - 2 EETHEE)
AIETE 1. BTG Zpiszal & L EIESRAVEER | 2. latld 2 Az sl & e
Rig > AILEREMHELL - Nt - BIERESERA 2 BUAREH 77 Ry
VO(E25BE -

155 —{r3250E (seed participant) fE-F HPEEILE AN E IR

AL -
2. Z g2 s B IR A 2 sl E IR ALAE T atem - M B IEEE
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gy -
3. RAZRAEZEBE T IS RER L2l BRI E

b
i EAAMEIE A A WIRARY AL o e B R B — EOMEHY
GER

— R EER R A EBRIR DR —E R - Eh VB
ENEERRELZHANER - BIEREIEA R 2 BUANHER
KRG —2E BB —1eSam - (BB RR BT - JhA r e st E K
REL-EMEERAVEIY o B e IEH E LR REAYIRER - Bl
BERHEEY - 2R EHRTR EEVPGEEES - 2l REER

BIEAEIEA R R o BUAE R R RGTER T > 2—EEE
PERITRICEGETIESE - HEINESH R 28U - BIERESEARR 77
FUE A AR — EETBE BRI - RERETE T2 a R o aE RAYERE ]
Rt ERE R E BRETTAYECA - iR D T 2l E R RIEA « BRItz
S > BEEZZH, > HRElEE ERGERIME -

= BCESIERRBIFEN FR D3RA

BUEBIEATESER R R s BUARS 2010 FEF2H) (REER ~ BR1RFE -
2010) - (EISEAIFRSCHVE T H R % B S RN A ETT - BUEEIEATE
JEARRA S BEARTFEFRAERIEEZ B E T E KRR 8%
EEEEL Paul FrfE ) Z &5 20 2 A ) > HErT 7 A 40 N E RS
L ZsE LR R AR — Wi Ga R A AEREEE [
HEFRFGER ZRHEE - BRI RET T —E &L - e T
— AR > DUt (E=EE) -

BRI R R AT > Fridtsgy 2t a N8R 8-10 A (Paul,
2008) - MHCERIERESERRR 2 BUARIBREL 9 NETT R 2358
LENYSWINY RIS RPN 02 S SRS BN i
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o o o
U «[‘o ~ i _uj [» ~ /1 RN
~ ol \ o - L"/\\l Q A
YN o o YN P, | YN P, |
A o ik 88 ik & i
Paél{:ipi; 2 Participant n Pa%\/i\X U \X
- NG/l e 7 NG/ e 7 Ng ./
& 7 %, %,
\ﬂ \%— ) \%—

B2 GEZEREFINRR2BREETLI
AR 7 BB EREEXFTH 2B RRARE " c HER S RIEF
2008 * HFH AAE EFEE 0 47(3) 0 245-281 ©

0O - BinsEE

FH Y BB A BAAE PR QR 85 22 > WITMTEMT AT S » BB ERE
MEBHERS  HERAIER T EHBENER - f£5 HEHE
pEEE IR — RN EERYEE - B0 e LR R R B B &
TR E R T — U S R E R RRE - SRk Ems - W
ol 8 [ BN RE oK Bl TIPS R 2 ERIRE - R ltis
BRI RE > Morville (2005) & tHFIEEAVREE o Morville 3 fy ZHIEE
TR IR EIEE ST > M D R R R P ST - A
S TR SR EE T B SRR L o R AT A AR AR
77 o FraEdEuE i B0V sE S fa F H A B = [ E R E T > 49
UREA H =PRI R > HERRAT E RN R S R S o B4
UhE RS o MAguhEE At E BRI BN D R e T
HeAguh B A S IR B TR ER > LAy Z S R 4 A
FA B 5 S Ak R ZE A o] DUE B (5 A = o S B P R A > B4
IhEEE T - MRl hE SRR PR E BEE > FA%
FRENS > ORSARFMEEEER - FAEEMMNS - FR2
EFRE LAVRIRE T o (KIS Morville B FIEEME R > 1l H 5 Ak
AN EELAE i P S W [ T 1)

HHUE S - N EEEREENIM S — R KZE
FEde A A I E I R E A > TR 8 S 45 RS My 22 RS A ol 2 714
VENE RS - rENE R R E BT - B2E 50
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FERZ UL TR B Fr R &N > SO S UL E B i F & 54 B AV AE
4R s P D T A A U o P o T s T A T — (A R T R TT
# 0 MAmEHEET -

Paul (2008) ¥ EIEMEMietiBesE 7 (irels - BTz
& 10 (EEE > B2 5E FIE A FMERZREHY 80N n B FrE
EENZ - Wikl B B EMEE R - BT 5 M5
AHMPIFREMEBEREBE > SHEHERRE - BEBEETEEFR
AR

2~ RGE

ARWFET AN B TE > BT A ER R 7R Z A R R
A LB SRR Bt (pseudo code) FEAIEIR &S EHUHE
IR AT DUET TR AL 0 - BT KRR
ER > FALZ R R RS0 S B SR T 1 2010 BEZERER Z R v
AL+ F A BRI 1 i 338 < [o8] 37 75 18 o A B e 3 A U AR 3G - AR
AEZEE (7 27 i) DARERR 2B AETER TR 2 B00R
EMEASEREHE > RRAAR R 2B TR S WIS © 3
TR ER (FHETLER 75 (U AEwR 225 ) AFTeE b
A8 LI V7 18 o A 2 ] 5 A A s SRR DR B e R Py 0 B B
SHEIE I ZEAE » SRR A RZ AR L - DAY Sl ] e 5
BB R LI R MR - SR S - 2R
N2 > BRET A -

—  NAFRBEEEEE

(=) B®&FhHoH8%

BH-RR BUVARD 15 NETRERD 2ElE&E S BB st HR~RA
BT 2BGERREETEIRAEMES - AV R~R 2 T
BERSHRZaRE T > 2 DA% F T H Optimal Sort B 7F 5 1R A% [ B
BE R AL o AR NS 5 T AT RS R A o AR R
TEZT - BIDUNEESIEROR - o PAR B5 Ry nl [EHF TR T

PAR
Card Sort(i), 1<i <15 : # 55 i I Zad G HEIT R R 734
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END
Construct TreeStructure ; # fEHIRZEREETT

(=) BEREFAFA > AE

Ry Paul 2 2008 SR - EAE ] SUE R R o BUAZ AR
A EER 9 NMERIEG TR 2 RUAZ s - BIEREIEARA
SYRE R SRR EERIIESC (A0 1 ) B — L 2al o ik
Rig > REPHBERIBRIEGERETEIERE  —HER&E - B
SERCIER R R 2GR - HASEZ EHHS AR -

Fori=Ito9
Card Sort (i) + # 5 i (LM EHEIT R 598
Next

Construct TreeStructure ; # faffRZEREETT

(2) Bfs EREIEXFH Ak

BB 2010 HRH - HETOUESRIEE M
RS ZOEZEE L (2R H SRR  oH EESRS
B S IERS  SEAGREEEE RN SR - $iTX
R TERETER R AR RS T bl T 2T

Fori=lto3
PAR
Card Sori(), 1599 ; # 5 i (s EHEAT R S8
END
Construct TreeStructure ; # fGHRZEREZETT
Next

=)

(=) FAn#aAT®

HEAERR DBAETER > HPS AR 226l & A N8
R R AR REELL 15 ARFRT - EIERFETER R 23 0AR]
9N BUEBIERITESEA R R 2 BUARIZELL 9 AR ZEE © ANTFE
B RoRPERRR R 2 slE N2 SN iR 2 B E S 2
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BEs T 5 9 32l & HAEME » BeRIERREE 27 (el T A
TR ﬁﬁﬂﬁlﬁ‘kﬁ{’&ﬁif"cﬁuﬁﬁ T 845k R (AR~ 2967 -
2010) %—EH TTEARE RAHIRZRRE DL > TIE A L Optimal Sort
4 T HE
(=) FHEET®

FEEERLINE ﬁéf“ﬁ’ﬁ’éﬁﬁ bAERER Z A - K
e E\%ﬁ%uhﬁ%%ﬁhﬁ SE 3 Iﬁﬁﬁ%%xﬁ%ﬁf%ﬁﬁﬁ*%'ﬁﬁ
ks NAH e TR A 5 {%I%lﬁﬁé’&ff% CESRR O BUL - BIERIESE
ARR DL - SEBLERMEIEA R 2 BASE —HE - BUEE T
%ﬁéiﬁ%}# SEER RG> DRBOEBIEREIER R 2 BUAE =

G B AL S ST 25 DI T A i A B
i&%% 75 fr g Ehp 2 sl - WackE 2ol B e ER e E - PIE
R ERAR 2 T Z

=~ AR o TERE

R s LR R oy SR Ry ot E%EEB BIEERGERETHESN
= BT 7 SE B B2 s AN ﬁéﬂ‘ﬁt[:i“ iz
sl e [FR R A Z B R RS

27¢

B~ tSEHER

— » RA+R AEEZHRIEHE

g B RREEERS A - AEE BEIE BN (worst case) T > {H&R
TR A R By

MAX(T(Card Sort()) + T(Construct TreeStructure), 1<i<15;

Hrp MAX (B KME » T(Card Sort() fURES i izl EH BT R A
STHERTFERYEERS ¢ T(Construct TreeStructure) HI[{XFEFIFH Optimal Sort T
BT RHR ISR AT fCRYRERE - BEEF R N 2 sl TR R P E
HYBSRE] » A DAEERANET -

EIERIFEIES R R AL G T T - 8RR S AT (EE
i) Zi:l T(Card Sort(i)) + T(Construct TreeStructure) -

ERBOEBIEAREIER R 280 - FRIELISER =G R %
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ZEE > FHEEMUESRR BUAETEANERD R 9 A - SR
(&S By 23 MAX (T, (Card Sort(i)f)) + T (Construct TreeStructure), 1 <i<9 ;
k=1

Hr Card Sort(i) (5355 | AL Zs\E B IEIEOIE (feedback) -
LA B AT sE R aw 2 o AP FIEI R AT N > R
A B R A B A

— -~ FRO¥EER

Al FTie < =fEARER R D80E - 2812 2533 NBCRFHEE
R R ZINRZE > AR Z FR 0 BEER > 877458009
NEEST > ZalEhatdahix EAER > SCEB ERETE R R 2 RUEAR
FET=0E > W=EEZETIRE—EA  Hb-fR 8E 27
firzel® MRS ALAgtZ 84 sk A (R - RIGF
2010)  FrfRZ A ERR A B EEREOR 1R
&1
2B FHoHR5E

Biflr ¢ ydE

O D L
wat | on) | on) | RS s | 808 | BOLS | s
1 36.1 95.1 23.7 Y 26.2 Y 7.8 N
2 60.8 31.0 31.9 Y 16.5 Y 12.6 N
3 34.0 34.0 61.8 Y 41.7 N 9.7 N
4 33.0 52.4 453 Y 36.9 N 29.1 N
5 25.8 40.7 22.7 Y 29.1 N 9.7 N
6 31.9 37.8 30.9 Y 24.3 N 14.6 N
7 36.1 39.8 16.5 Y 22.3 Y 3.9 N
8 33.0 34.9 49.4 Y 31.0 N 10.7 N
9 64.9 41.7 21.6 Y 36.9 N 7.8 N

Ehmp | RESGEFR>8X > AR 2 REAGERZBEXFH 8%
MR 3 RAKREFERGIEXNTR A XS -4 45 4 REAXESE
AEENTFTRSBEESF —=E > @ 5 REAKESEREIEXNFTH 8%
HZE A o
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HROEat4n N2 2 fion > Hallal] 5 RUuEEIERTEIERA
SREEER =G > N2l & REAEAESEL - SRt H &R s
AFIAGTHT

*2
REERDEEETCERE 2 SULHET

B 1 5Y5
BRI 95%
S| B | ey | e | pmesn | REREED | mong | o
TR | LR
1 9 39511 | 13.6114 | 4.5371 | 29.048 | 49.974 25.8 64.9
2 9 45.267 | 19.6577 | 6.5526 | 30.156 | 60.377 31.0 95.1
3 9 33.756 | 15.1862 | 5.0621 | 22.082 | 45.429 16.5 61.8

4 9 29.433 | 8.0584 | 2.6861 | 23.239 | 35.628 | 16.5 41.7

Adwmp 1 REAMGG TR %> @ 2 REAGEREENFTRH 8%
MR 3 RAREGERBFEXNFRHSHAELE —TE > @5 4 RERBGEHSE
AEFEXNFH>BEEIE=EE -

BT AR R o BUACEIG i 2 SR8 R - &5 540
RN - HE 355 0 RERR 2 BUAM 2 2 0B I M i
AR %ﬁ%ﬁ?iﬁ%fﬁ EITRR OB AgRER
F-RR PBUAMER KR E

*3
TR D EE B ERF RO

BFiH0 HHIE | BT F R
40 1281.816 3 427.272 1.971 138
SHN 6938.031 32 216.813
HaR 8219.847 35

=
SLMESER /L &§3%E%’“ﬁﬁﬂﬁﬁﬁz
SERERS - WECERH SR EBATE B R - E—Doih

ﬁ%ﬁ%
—
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EEBEAF R R S BUART R IL Z U A - 200 15 i1z
e T Zl B A EE o BEB AT R RS =G
N2 e B 1 > SCHEHIRAR R SE —ml e > =L E R
RFAFSIAEE S NIt B s A VU(E 2 (T -
VOlE SRS LT R - 60 A FIZEEERGEEL 3 1]
175 > EATEER A TR 4 For -

x4
ZRERMNEESEEERZTCERNE

Wit :
Sak | WEER | EPUEIER | e
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Researchers of web design and usability often use card sorting for
assisting the design of information architecture. The implementation of
card sorting lies in asking participants to organize card topics (defined from
web contents) into categories, according to their own understanding and
reasoning. Based on Spencer’s studies, Nielsen (2004) suggested that the
ideal number of participants in card sorting is 15. Paul (2008) proposed the
modified-Delphi card sort and set the number of participants in card sorting
as nine. Experiments revealed that it reduced inputs of time and manpower,
and enhanced the quality of effects. Since there had not been enough case
studies of relevant applications of card sorting in website developments,
Shieh and Wu (2010) proposed the refined modified-Delphi card sort
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for verifying and improving this method. They asked each participant to
propose a website structure through card sorting. After the results were
gathered and analyzed, a preliminary structure was generated and revised
further during the second run of card sorting, and another new structure was
generated and revised again during the third run. Card sorting has been one
of the most economical and effective ways for eliciting users’ conceptions,
and thus the most common method used in the design of user-centered web
architecture. However, what is the more appropriate method to choose when
using card sorting in web architecture? What are the differences in terms
of cost-effectiveness? In this study, the algorithm analysis approach was
adopted for investigating the advantages and disadvantages of different card
sorts in terms of time costs and findability, based on analysis and evidence
of experimental data. The study results can serve as the reference for future
applications of card sorts.

Time Complexity of Different Card Sorts

The time cost for traditional card sorting can be defined as

MAX(T(Card Sort(i)) + T(Construct Tree Structure), 1< i <15, with
MAX standing for the maximum, and 7(Card Sort(i) for the time cost for
conducting card sorts by the i participant. 7(Construct Tree Structure)
stands for the time cost for constructing a tree structure through the Optimal
Sort tool. If T(Construct Tree Structure) is way less than 7(Card Sort(7), it
can be omitted.

The modified Delphi card sort is conducted in a linear fashion. The
algorithm for the time cost is presented as,

Z?z . T(Card Sort(i)) + T(Construct TreeStructure)

The refined modified-Delphi card sort goes through a three-run process,
with each run following a similar procedure of the traditional card sort
but cutting down the number of participants to nine. The time cost can be
presented as,

3
Z MAX(T(Card Sort(i)s)) + T(Construct TreeStructure), 1<i<9, with
=51

141



Journal of Libray and Information Science Research 13 @ 2 (June 2019 )

Card Sort(i)rstanding for feedbacks for revisions by the i participant.

Based on the analysis results, we can see that when taking the cost of
recruiting participants out of consideration, the traditional card sort had the
lowest cost of time.

Card sorts and findability experiments

In the three card sorts mentioned above, the numbers of participants
were different. For ruling out influences of this factor, in this study of cart
sort experiments, the number of participants in each experiment was set
as nine, and participants were randomly sampled without replacement.
Since the refined modified-Delphi card sort had to go through three runs,
the participants were set as the same group. In experiments of different
card sorts, the costs of the time were recorded and conducted with a one-
way analysis of variance (ANOVA). The results showed that there was no
significant difference of time cost among participants using different card
sorts, suggesting that when participants were conducting card sorts, the
proceeding of card sorting would not be influenced by different methods of
card sorts. The findability experiment was task-oriented, with 15 participants
involved in each structure and not repeated. The participants were asked to
complete tasks of constructing a tree structure of the website, and the time
cost for completing tasks was recorded and further analyzed, for revealing
the effectiveness of using different card sorts to construct a tree structure
of the website. The results of time for completing tasks showed that using
the traditional card sort to construct a tree structure of the website had the
lowest findability among the four structures. There were no significant
differences of the first run of findability experiments between the modified
Delphi card sort and the refined modified-Delphi card sort, suggesting
that there were no significant differences of the average time in terms of
findability, and the findability of these two was superior to the traditional
card sort. The refined modified-Delphi card sort had a better performance
in the second run of constructing the structure of the website, with a better
performance in findability than the other three structures.
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Conclusions

The results of card sorting experiments in this study showed that
when different participants were conducting card sorting, they would not
be influenced by different methods of card sorting. However, there were
significant differences in findability among the website structures they
constructed. In the first run, the modified Delphi card sort and the refined
modified-Delphi card sort had better performances than the traditional card
sort. The researchers of this study reasoned that the key of such differences
lied in the fact that in the first two methods of card sorting, participants
could refer to previous or other participants’ results, and thus might have
a better understanding of card contents; therefore, it was easier to generate
sorting results with a majority consensus and enhance the findability of
website structures.
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