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ABSTRACT

A computer-based training (CBT) system has been used for efficient education and
training in a variety of organization such as military or hospital. Ergonomic graphic user
interface (GUI) is important in order to enhance learnability and efficiency. Existing studies
have developed GUI usability evaluation framework by applying only a few considerations
on GUIs for a specialized field such as CBT and focused on usability evaluation of particular
GUI types such as sequence, hierarchy, or context type. Therefore, it is necessary to develop
a comprehensive GUI usability evaluation framework and identify preferred GUI features
based on a comparative analysis of different GUI types.

The present study is intended to develop a GUI usability evaluation framework for

CBT and to improve the GUI of a CBT system in terms of usability. First, a three-step



approach was applied in the study: (1) literature review of twenty studies related to usability
evaluation, (2) analysis of GUI usability aspects by design components, evaluation criteria,
evaluation metrics, and evaluation techniques, and (3) development of an integrated usability
evaluation framework. As a result, 38 design components (e.g., layout alignment, dialogue
mode in user input), 17 evaluation criteria (e.g., visibility, simplicity), 38 evaluation metrics
(e.g., task completion time, Likert scale), and 19 evaluation techniques (e.g., heuristic
evaluation, benchmark testing) were eastablished in the comprehensive GUI usability
evaluation framework.

Second, a comparative evaluation was conducted by 9 CBT design experts using a
7-point scale (1: very low, 7: very high) on hierarchy and context GUI types of a military
CBT system in terms of 10 usability criteria. The hierarchy type was found preferred by 1.6
times in terms of controllability to the context type; while, the opposite was found in terms
of attractiveness, simplicity, and responsiveness by 0.6, 0.8, and 0.8 times, respectively.

Lastly, a new GUI type was developed by combining preferred features of the
hierarchy and context types, and it was validated by 22 CBT users. The proposed GUI was
found superior to the hierarchy and context types in terms of accessibility and
informativeness by more than 1.5 times, however, inferior to the hierarchy and context type
in terms of simplicity by 0.6 and 0.9 times, respectively.

In summary, the comprehensive GUI usability evaluation framework developed in

the present study can be applied to a wide range of GUIs (e.g., console) and utilized to



evaluate GUIs systematically. In addition, the comparative analysis of various GUIs would
be used for developing an improved GUI in a systematic manner based on preferred features

of the existing GUISs.
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Chapter 1. Introduction

Research Background

1.1.

A A

& (computer-based training, CBT)

o3
-

HIE 7INE S

%3 Q) tH(Figure 1.1). CBT+ AFHE

or

il

By

=K

o1

16} 22 FofollA CBT7}

w] <l (Ha and Kim, 1997), #l°]t]

ANA = ofn] 9

2]

2853 ATH(Park, 1997).

ool 5] CBT7} A-8% 3L 2 tH(Perciful and Nester, 1996).

Figure 1.1. Computer-based training -8 #-oF2] o



FOI'

FH2Ql CBT g5+ flaliAle 1efi ARE&=F Q1B # o] 2 (graphic user
interface, GUNE QIZtFeH o=z M7= Zo] 83t CBT GUIE
HuF27E s AAE = wGH-E ShEe flal Zad A7stE a4 E(:
ololZ, WE)E FAY <lE o] ~& A (Harding, 1989), ¥ X527} WS &S
A o2 8F58l= sequence 3 (Figure 1.2.2), LS89 &Hx} MBS F3)
8}53lE  hierarchy 3 (Figure 1.2.b), 18]3 WSUYES Ao Ads=

A zbslEl @ xe] AMElS E3  34535: context

081

o (Figure 1.2.¢)0.%=
- F ¥ tH(Potelle and Rouet, 2003). AF&-AF2] 21X 5AJo] ¥ %A g2 CBT
GUI= Sr5#kel IAA #iel 8, g5 A28Azt o, 94 o7 24

5o wAES FEete] Sstsay ¥ a8A4S AsHAlZE 5 3vk(Jang and Byun,

shegyl 2 AleA S Y E oztkEstd dHSS uweddk AAV)

2 Q 5} th(Figure 1.3).

ATR 42-500 FUEL SYSTEM

(a) Sequence 3 (b) Hierarchy 3 (c) Context 3

Figure 1.2. Computer-based training graphic user interface 33
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Goal: Policy

Usability
Component: Component: \
Learnability Efficiency of use

———

/\

Measurement Method:
User brought to lab, given
list of the tasks, and
performs them without help

Qualification:
Average time needed to
perform five specified tasks

S1143N38

—

Data-Collection Technique:
Stopwatch
(with rules for when to start
and stop the watch)

Policy
(a) The model of usability measurement (b) Lens of inspection
(Nielsen, 1993) (Wixon et al., 1994)

Figure 1.4. 7]<= graphic user interface A& H7F A A AT

7€ GUI ATELS AztEe Gul AAIE 8 AMeA HrbE
T goy, st Gul 31 vl FAE T N A EES
1| &g th Han et al. (2007)> Al d 4 374 Al GUIE tdo= A7 H7HE

FAste] zahgold FWelA FA AR 2o FA AW PF 559

A8l 2AES 3ol th(Figure 1.5.a). Carvalho et al. (2008)S AAe HHd A

A GUIE tdow 4§ A% RS Fotol A4 SoA so] Az

T As AR ZAR S Setsk it (Figure 1.5). 71E A9ES TR 54
el Guiel diste]l AHA B7FS FAs skl dold Gul FESel W
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(b) YA WA A AJo]A graphic user interface (Carvalho et al., 2008)

Figure 1.5. 7] graphic user interface AF-8-4 H7} A
gu grap

1.2. Objectives of the Study
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« Keyword M7§
« Title, abstract screening
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Chapter 2. Literature Review

2.1. Computer-Based Training (CBT) System

HFH 719 S5 (computer-based training, CBT)< FHirHE &8sl 54

A Al o] th(Hwang et al., 2006). CBTE Table 2.13} 7Fo] FAFE H Z4%(Computer-

Aided Instruction, CAI)2} 7578 2] (Computer-Managed Instruction, CMI) 2. =

M

F2 4 AdvkPark, 1997). CAIE= o] AFHE Zdgato] wSAolA
o]

wHFH WES HEsh= 7les 4ERAY CMI= wdo]l FSFHE
dgsto] g WEETH AHEES 54, 24, Lgal Frhste] desks
715 & HERT.

Table 2.1. AFH RZFHY HFH 85 v

2 AFE Rz A3FE e
=4 AN % G A &8
AFE e 48 e Ag 9 el
7% WEED UG AT WEEA HAE B
AFE g 24| wsA gt
Az W EREREE Qe el




18] ar

2] 7] (simulator),

AA uLI}E(courseware),

[ol5= IKe)
g

9

9

o u] ]

Bl A E
Tl

ke
T

R o1& " (simulation) © 2 FE F UtH(Park, 1997). LI

Apu] o)

=
&4

1
s

]

H

293

UH(Figure 2.1.a).

]

3 O

o
T

CH(Figure 2.1.b).

]

o =
3o

-
T

o)

U}(Figure 2.1.c).

]

o -
A TP

B!

Ho

olo
<|m
or
s

N
EA

in

o

4
XO
wK
~

{|m
;.o_l

CBT+=

o

N
g

—

<

et
or

oj

o

1
R

TH(Mulligan and Wood , 1993). X3+ CBT

S 2=
4 5 9

o

o

—

0

Ho

2 Th(Lancaster and Willis, 1994). w}x|2to. 2

ag

rvzel
w
]
7A

4
<|m
o
K
&o

|
o

(b) Simulator (¢) Simulation

(a) Courseware

Figure 2.1. Computer-based training - %



AAA el G849 WwFFAS AE
A8 Abdlel tig AFEe] FaE Tk
WEFH] o] AES HilsE
WS
star S FUATI7l fleke] At

A A8} S HH(Figure 2.2.b). Cwilewicz et al. (2003)<

WEHEFAS 9l CBTE /N33l al(Figure
O 3 O O3 =
go= FgHe wsFHs 9% CBTE
1. Product Structure 2. Classlfication 3, Data Vault & Document
Management ° “ Management
¥ ol
L X e
U f’, 'i o} P I
4. Workfiow i
P * 5Pm;ec1ijemen(
e E}‘h
ER -

(a) CAD/VR 7]% &-& CBT /I W

(Hwang et al., 2006)

H
EH
St

2
2—=ofl f

-}
7}
1

gl
E :' l

(c) AH v WHFH CBT

(Cwilewicz et al., 2003)

Figure 2.2. 7] computer-based training 7' W 2

10

3171 Slskel CBTS] Al gy

E°{, Hwang et al. (2006)<

$3}e] CAD/VR 7|%S 83 CBT 7/

S A ote} S th(Figure 2.2.a). Ha and Kim (1997)2> CBTS] FA|H 45 80|31

7leke] A=l R S
MLAES o=z A Agu e
22.c), Park (1997) + 9¥HL

&3} th(Figure 2.2.d).

(b) T3 7]HP CBT 711% W
(Ha and Kim, 2005)

A AME0E P

EF#H CBT

(d 754
(Park, 1997)
g A AT

=i



2.2.  Graphic User Interface (GUI)

a8 ARE-AF QB H o] ~(Graphic User Interface, GUI)T Figure 233} 7o]
AREALZE ASFH A 2"l deAgetr] A AldstE aAEER Y
AR Aot (Chun, 2008). AF&AF IE{#|o] 2~ (User Interface, UDT= 7 37H 7}
R kgl wet I Ao SHE 5 A Atolel] gItA o]

2

1t

<

rsﬂ

BeAge 9% 3 diAAEA JPEEAY. HFEeE dEE Ule

%71 32 opolof(wiring) FEIZ  A|ZtE o] HXIF=(punchcard), A

E]U] Y(text terminal), 7]X = (keyboard), 1|3 GUI FE|Z % A H(Sohn,

2002). Ul= vh§-2~8 &&3te] WE, 2384, AAvts 53 22 A7std

8405 2248 F e 2 AFEAF Q1E | o] 2 (Graphic User Interface, GUI)<}

=5 &8st s HAFYH AY AdE AR s ZAlSE A
o

A} Q1E] 7] o] 2~(Character User Interface, CUNZ w72 4 ATh

User input

o

Graphlc User Interface

User 4 Computer system

System output

Figure 2.3. Graphic user interface “J <]

11



3
=

14

-

AF AR
o

=

=

21E] 5 o] 2=

w9, AHEAE B4 AW

}ChH(Figure 2.4). 13|38 A X &
4R 7Rk

A

5|
=

LN

e Aol 3o
whA oo

IS

] 4= 9l tH(Choi, 2013).

4 Are] ojn)

E

=

i AH&A7F
2ATHLee, 2012).

o

A THMa, 2009). wEbA,

=
T

H]

iyl

o

Ho

TR
XO

Figure 2.4. 178284 graphic user interface A 7] 2]

12



GUL AAIE S8 Gddt 2ZEYo] A2ds fdoR

AFEe]l FaqH L Ul & E9], Song (2011)> Eupd slof] tfd ALEA

845 =t AREARE Eukd oM el BlE fAek A7l Wi Gul
A A

T #}FQ1S- A QF&} A tH(Figure 2.5.a). Yang (2012)2 3L AF=2] UjH]| A o]

7N &} TH(Figure 2.5.b). Shim et al. (2006)> TV AF&x}9] Ald 3 2 @+

>,

BAS Ea) AFRA AU oS =E38Fa TV GUI tA1e] 93X F3st

29t Y ARRlS A A S th(Figure 2.5.¢).

2RO =2 FY

B
438022 9

FEraE 5

e A
(a) BHY 4 (b) WH] Aol A © TV
(Song, 2011) (Yang, 2011) (Shim, 2006)

Figure 2.5. 22X E 9o} A]~¥l graphic user interface 237 2] <]
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2.3. Usability Evaluation of GUI

SEE o] A28l GUI AFEAAS detetr] flE thgst Wel AR ot
ATFEo] F8H Yt oS E0], Kim et al. (2010) ~REE o] Z g Ao A
ofo]Zol| tiet AHgt iz FE|E 37| Qa] =2, AEA, a7la AlQlA el

5t &A1 2" (controlled experiments)= <=3 3} 1T} Choi (2013)> JIE Y oA
&g =l § AHEAS Hrbshl Al welsE 7P (heuristic evaluation) 2}
A& ZAHquestionnaire)E -3 5} th(Figure 2.6.a). Park et al. (2012)2> XH}Y

ZeAleold A A AREAR EAIEE =Eeh7] f8 Felay HrbE

o]
E 2 33 7F (benchmark testing) & 4-8-38to] A&/ W7F R o] ZpolE ML

23 8} 31 th(Figure 2.6.b).

Main Computer, = '3
[ e ﬂ
- = Cam2 9
- T Cama\_/
g Cam Control 4 D | Screes
i e . -
\' -~ VIR . Cam3
Ot ‘,_1“ Observation Room Room
Vo

(a) A& ZAHquestionnaire) (b) HEZY 3 7H (benchmark testin
g

(Choi, 2013) (Park et al., 2012)

Figure 2.6. Graphic user interface AH-87] 7} HH 9| 4

14



71E GUI 9752 GUIY AMEAS AR SR H7tstr] 918 GUI
AFEA I AAE AAEE Yk oS 501, Seffah et al. (2006)2 71 1SOS}

=8 FAFE E3) Quality in Use Integrated Measurement (QUIM) R @S- -5 38}

y

1074 AREA 71(ell: AR, AlEAd)3t 26714 Al AREA A (el HA
o1z {3}, oF duhE X=%3}3 th(Figure 2.7.a). Abran et al. (2003)< 1SO 9241-11
(1998)Z} 1SO 9126 (2003)°l] A AREA] H7F RdS E3sto] A2 AREA

d-S =133 th(Figure 2.7.b).

St

Usability factors Usability criteria

| Efficiency " Effectiveness | Time | Resource | Attractiveness " Likeability " Flexibility " Minimal
behavior utilization action

N o Minimal " " User " v Self- |

| Satisfaction || Productivity | | memory load Operability quidance Consistency descriptiveness Feedback
. Fault- " Resource " . " . |

| Learnability || Safety | | Accuracy " Completeness " tolerance safety Readability Controllability
| Trustfulness " Accessibility | | Navigability " Simplicity " Privacy " Security " Insurance " Familiarity |
| Universality " Usefulness | | Load time " Appropriateness |

(a) Quality in Use Integrated Measurement (Seffah et al., 2006)

Usability
Effectiveness Efficiency Satisfaction Security Learnability

« Percentage of * Repetitions’ + Percentage of + Access audibility +_Time to learn

tasks number of failed user’s favorable « Access
accomplished commands and unfavorable controllability
+ Ratio on failure of « Documentation or comments « Data corruption
handling help’s use *  Number of times prevention
« Percentage of frequency that user « Data encryption
tasks achieved per « Error's percentage expresses his
unit of time + Time spent on frustration
error + Rating scale for
* Number of good users’ satisfaction
and bad with functions and
characteristics characteristics

recalled by users
* Number of
available
commands not
called upon

(b) Consolidated usability model (Abran et al., 2003)

Figure 2.7. Graphic user interface AF-8-4 7} | A 2] o
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Chapter 3. Development of CBT GUI Usability Evaluation
Framework

3.1. Approach

W AT GUL AREA H7F Al e flel 231 24 AA B, e
5

o] 3 @A dAE FPslt £ d 2AF Al s GUI AR
&

>

g 4 gle AA 8A2ES 2AE] 99 Figure 3.1 2 o)
=]
=

AA7E FYHAJT GUI AR E7F AAeh s

N
o

N4l o] (keywords)E A7 3Fe] Scopus, DBPIA 52 &= 72 Alo]Eof A

Ho
rJ

= 50009 AS AAESI Y HAE =2 GUI AFEAY H7E AAl 3 A RE
A E A E(title screening)E &3 1xF A (11971), 25 7 E(abstract screening)E
S8l 2xF A @253) klar, wEEe wel A/T/ekE EFske] Table 3.1

o] 3t Foll £ak= 20314

(e

7o 3

o\

4o QA

S1. Keywords Zg2 5%+
¥

S2. Title screening= S8t 1k M
$

S3. Abstract screening=

S4. MEE 2310f Ciot 2T HIt

S5. 2AZ0f| (2t £|F review Y =& MY

Figure 3.1. =31 48 AxX}t



Table 3.1. &3 ZA} A3}

No. Authors Year Title Source
A study on overseas and domestic online fashion .
. . .. Unpublished
1 |Choi 2013 | shopping mall based on web usability and , )
. . Master’s thesis
Graphical User Interface (GUI) design
> | Tun 2013 A study on the usability evaluation criteria for | Unpublished
& mobile navigation using AHP approach Master’s thesis
A i f usabilit luati thods: A
comparison of usability eYa u:el ion me‘ ods Unpublished
3 |Oh 2013 | case study on a camera application for visually , )
) . Master’s thesis
impaired people
. S . Ja lofth
Comparison of usability evaluation methods for ournd Of ¢ )
4 |Park et al. 2012 . . Ergonomics Society
mobile application
of Korea
A factor combination approach to developin [nternational
5 |Park et al. 2011 ) ) b } Veloplng Journal of Industrial
style guides for mobile phone user interface .
Ergonomics
6 | Ma 2009 A study on the satisfaction for visual factors of | Unpublished
the buttons in the Kiosk interface design Master’s thesis
Studies of efficient web interface design based | Unpublished
7 | Chun 2008 , . . , .
on Gestalt’s Law of visual perception Master’s thesis
F s A X
8 | Seffah of al. 5006 Usabi ¥ty measurement and metrics Software Quality
consolidated model Control
K Societ
A study on the development of academic library ored o.cze v for
9 |Lee and Lee 2005 . Information
web style guide
Management
. . . . . Pfeiffer, S
10 | Lee and Owen |2004 | Multimedia-based instructional design fezﬁe.r an
Francisco, CA
In Proceedings of
International
11 | Abran et al. 2003 | Consolidating the ISO Usability Models Software Quality
Management
Conference
The Korean Institute
Developing a taxonomy of web design of Information
12 |Ryu et al. S
yaeta 2001 guidelines Scientists and
Engineers
13 | Lee 5001 A Study on web design style guide for the Unpublished

improvement of usability

Master’s thesis

18



14 | An 2001 ﬁljt;:vye?; intr:sii :vfe:i ilgentiitiiltihnrgsu . Unpublished
p yie gu Master’s thesis
template
15 150 2001 ISO/IEC 912.6—1: Software engineering - i
Product quality — Part 1: Quality model
. . Unpublished
A methodology ft luating th lity of
16 | Kwahk 1999 me .odo ogy for evalua mg. e usability o Doctoral
audiovisual consumer electronic products . .
Dissertation
ISO 9241-11: Ergonomic requirements for office
17 [ISO 1998 | work with visual display terminals — Part 11: -
Guidance on usability
18 | Wee 1995 A study of graphics user interface design on Unpubl’ished ‘
screen Master’s thesis
. e . C
19 | Neilson 1994 | Usability inspection method COOIZfPZ}i?:: CHI
20 | Neilson 1993 | Usability engineerin Academic press, San
yeng & Diego, CA
goz, AA BR wAdAE TaHo|Z AAHL GUI AEA
H71E 9 2AME B E0] Parketal (2011)3 Kawhk (1999)2 3Fi1sle] Figure
3294 o] AALA, WIVPE, BUHHE, a2da Hrpgnies EREAv
AT AARE 2079 =2 WA eSS SR AAal127),

B 7H715(1073),

AAlexE s s i

TR axelm, FANES AT, HEA B3 gol MALLe AEH H7

A zE ol i BrAAH ol BAHEE £AAR, Likert HE 53} 2]

1= O E
ARz A4S ARYERder A% £ Qe WETow

e AR 24 A4H Y 53 ol WHEe 2

&
il
-
N,
_0|L
rlr
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GUI A48 87t M4

I
LA B

Choi (2013) Oh (2013) Seffah et al. (2006) Jung (2013)
Ryu et al. (2001) Park et al. (2012) Abran et al. (2003) Park et al. (2011)
Lee (2001) Kawhk (1999) Nielsen (1993) Nielsen (1994)
124 104 4 6

Figure 3.2. Graphic user interface AH&4] E7} A A &5

mpAgeR, AA T @AM 2R AA 24, HUVIE,

H7 A=, a8la F7PHe AA 2450 GUI AFEAl H7be A go] oy

NS RS EdHoEA HAAHAY. FrplE
FARAe dE £, AHAd (productivity) ¥} H 9HAd (security)> GUIS] A4,
A AR W7 AR g5l oy FEow duEol AYEAL,

7] 9] -&-©] A (memorability) gr53t7] F(easy  to learn), agla

oo

o] 3l /d (understandability)> &5 -8 ©] 4 (learnability) 3} A3 502 JrhE of

& 3= S Th(Figure 3.3).
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Abran et al (2003 | ISO/IEC 91261 | 150 924111 | AIHEr

8

f‘ Learr‘1abil‘ity T e
r

I o 7T
I I I AN

sy — Memorability aY

‘Helplulness (47 - T\
Corolabilty o

=

o o o o)
0 0 0 N\ ] o)
o 0 \

\¥] ”
g = RAIEEE=ECR
= T -
o—— S ? learnability 2 &

]
I
J
J
J
]

\\\\\\

. - Understandability
Sttty

Figure 3.3. 7}71E A4 9 o

3.2.  GUI Usability Evaluation Framework

3.2.1. Design Components

AA QA Table 3.29F #o] F 38 7HA7F =&FH AT AAQAE A A(static)
AA QA &4 (dynamic) AALAZE EFEHSU AA AALLE AR

met HEkR] e AARAEA, stH FA(style), 3FH HlX|(layout), SH
T-Z(structure), = ©(terminology), Z1E]al ¥d W2 (representation) = AlH-

AT stH FA2 FH S840 3/ (shape), =AHA(font), =L 7](size),

Shia

.
LA i

A e a R s B B o R Rt

o

3l A(color)d] 4 7HA|I7F &=



# A (location), 7FZ(spacing), Wl < (alignment), 7}= 2 A2 H3F(orientation),
=AM (ordering), 18|31 FHAA wWZ T H(grouping)] 6 7FA|7} =EFEH AT}
st 2= A4 Hy 7329 9l F(depth)st A DACA HoAAA| =
57 S(breadth)®] 2 7HA7E =EHAY. Ewoe 54 5SS A9cte
oFo](abbreviation), ™ #l(legend), 1|3l &°f(naming)e] 3 7IX|7} Z=EFH T}
Fd AL A, 54 Fd= Fo FoE 9r(coding) 9t ofo] el F-ojH
o] W] (metaphor)®] 2 747} EE = AT

4 AAlRaT ARl wEl A OR Weks AAl8AaRAM, AREAL
A=H(user input), A|=El  EZ(system output), 7|5 (function), L&l
th A 8 Ax(media)® AT EFEJATG. AR dEE A2" dA4g
WA (activation),  A]2=® U] #Ho]A] o]y  wW2(navigation), A|lXF A

W2 (control), L]l ARERFo} A AEIZE S ZAFE WF2(dialogue mode)9] 4

of thek Alx¥l EF¥e] FIHA QA (spatiality),
A8l ZHe]  AIZFH SA|(action sequence), 574 AHol| o Hx
& ¥H(highlight), AlZ2=81 7]E-4t A *(default choice), A28l &7 "2 (modality),
a2lar JH Y -E(contents)®] 7 7HA7F E=EHUAT 75 A M(search),
=7 (shortcut), ='(help), <1M(print), L2]31 2 ZAI](bookmarking)2] 5
77 2E:EHAT. WA AT T AHtext),  S/d(sound), L% (image),

5973 (video), 18] 3L oY W o] A (animation)2] 5 7}A|7} =& AT
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Table 3.2. Graphic user interface 4 7| 8. 4

Group Design component Description

Shape st T e I

Font st AREH =AHA
Style

Size st 849 A7)

Color st A3 e ao A4

Location st A8 914

Spacing st AT 1HA

Alignment st e W
Layout

Orientation shH Ao Ao VR 9 A2 e

Static Ordering I T =4

Grouping stH P8 HAge e

Depth ASA i Txo @A
Structure

Breadth T @AM RAAE @A

Abbreviation EX slE S Husls= kol
Terminology Legend EX JLS Huysl= Hy

Naming E4 YRS Ay §ol

Coding W2y o4 FEnl S Hold oy
Representation

Metaphor ofo] ol Fojgl ofn]

23



Group Design component Description

Activation Al =g A5t 2
Navigation A8 ] Fo]x] o]F H2

User input
Control A28 24 w2
Dialogue mode AF& A} A ~E 7 AF T 2 k2l

) e Aol ta A= &9
Temporality A7 9
» A Ee gE Asw w2
Spatiality TR
oAl A

Action sequence | A| 2=E] ZE o] A|7HA £ A

System output Highlight EX Ar U3t 7z a3
Default choice Alz=8 7]EG AH
Modality e

Dynamic Contents AH Y&

Search 72
Shortcut w7

Function Help A=p= 1y
Print HE
Bookmarking 2 743
Text A
Sound =4

Media Image A=
Video T4
Animation off L ] o] A
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3.2.2. Evaluation Criteria

B7F71EL Table 337 #Zo] F 17 77 =EFHATE ¥ S 4 (explicitness) ™
Asd AR P gAY E A=, xE A (distinctiveness) S Al 3-E AR}
TH AR} FiEHE HEE, 95X (responsiveness)> SIE] o]~ Ao o gt

A&k vewo] AlFEe= AEE UERdth. A3 (consistency)S BEH H

b

o
Anj
=
-
[>
Lo
e
r o
)
r o
ol
o
il
)
hy,

’d (simplicity) X Z QI H o]~ T

[11

A5, A (visibility)S Al&d HE7F AlZbH oz WEs] JAAH=E ALE
VERATE Alu| A(atrractiveness)  dE 2 QIEFH o] A7 AW AHALEE,
854 (learnability) e Hx 2 QEHIAE HA D F de AEE,
%] (familiarity)S dH 2 Qg H o] 27} AL&A}ol| Al M3 S LJERWT
1 (informativeness)-<- A3 AR 7} S A= g,
o &4 (predictability)  QE]Ho]~ %2 A7t A2t 7 gLEE
ALE, 2H2 4 (customizability)> QIE| #H o] 271 AFEA}e] HEo g o=
He ARE Yehdt 2280l A (controllability)= S1E FH o] ~7} &
22 = ALRE, HE-8o]H(accessibility) A 2=8 22FS 913 QIE H o] 29
o] HAEE, %84 (adaptability)> QIE|F o] 27} ALE 34 Bl g

wel WstE = AeE yeidth @5 o (error prevention) AR 2

ﬂl

=
ar
ArAe WAlet e ALEE, EH-A(forgiveness)S QFEA Al ol AEHIR

o3l Bolzt 4 e AEES et

25



Table 3.3. Graphic user interface ¥ 7}7]

No. Evaluation criterion Description

1 Explicitness Asd Ar7E Hes] xdEH

2 Distinctiveness Ad AR FH JHe} T

3 Responsiveness SlEH o] 2= FZ}of] thel 2143k mj=wlo] AlFHU)
4 Consistency AH 9 Qo] A7 daAgo] Tt

5 Simplicity AR 2 olE o]~V FhetkstT)

6 Visibility ATE AR AzZbd oz gas] Ax )

7 Attractiveness AE B e H o] 27F Au] Aot

8 Learnability AR 2 ool A~E HA odd & Aot

9 Familiarity AE B B H o] 27F ARE A Al Z <58t

10 | Informativeness AzE AR7F on) 7t ot

11 Predictability SlgjH|ol A~ ZZ Ay} ALgAY 7id e t2HT)
12 | Customizability A o] =27} AFEAFe] Ao gtEdgor A H
13 Controllability Slg] Hlo] A7} folstA =ZHT}t

14 | Accessibility A ell 228 918 AdE o] el golskAl et
15 | Adaptability IEjH o] 27F ARE 27 B Astel] whet ®istET
16 Error prevention ALE O FE AR WA sk

17 | Forgiveness SFEA Al o]A AEjR golstA Zold 4 ATt
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3.2.3. Evaluation Metrics

74 (subjective) H7FH =2 EFIFHACH 2A3H

)
r o
»
==
o
.
(@)
2,
<
8
o,
N
N
e
k1

1r
i
e
5}
32
)

Hk-S-(human resoponse)¥} 2}¢] 473 %=(task performance)@ Al
MAA H7EHEe] A HE-g2 AlA| A (physical) S A 214 (psychological)
SHo=z  FERIEAJATE. AAFH  JAA g FHAEEMG), W E(EEG),
AHAEZ(ECG), T d =% A] HAE(ECP), €5 2 H] & (respiration volume
and rate), A~ AH|H-(oxygen consumption rate), 4B (heart rate), | <=(body
temperature), |t (body pressure), F E(blood flow velocity), & %(blood
pressure), ¥ 5 == (skin temperature), 12|31 |- 7 X=-H(skin conductance)] 13
7HA 7 =& AT

A A AANEES PHE(EOG), 7% =4 Y(eyelid activity), =& A
2 %l (eye movement), 58 = 7|(pupil diameter), 223 = &3 F3(critical

flicker fusion frequency)e] 5 7FA7} Z=ZH Aok ABA HIMHEe] 2]

THEE AEA(speed), A (accuracy), 1|31 & & (efficiency) SHOZE
TaoE AT A5 #AHEH Y FAEE A ¢E AlTK(task completion

time), & &7 A]Z{k(time spent in error), AF& A A|IH(user delay time), 7|5
A8 Al ZH(time to search function), 715 &5 AlZH(time to learn function), ~L2] il

S5 ARE A QA 7Htime spent using help)e] 6 7IA|7F =EH AT A
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ry
i

A=

d 2 FAEE %% 3l (frequency of error), THIAIMY AR

rr

ol

51 9~ (number of task completed), A|Z=~8] & A A= ¥ % (frequency of losing control),
‘&3

71 %3 319 (number of out of tolerance), & A3 ®WHE 3l (number of

ol

]
failed command repeat), 12]3L = AF-8 WX (frequency of request for help)2] 6
7HA7F EEEH S a54d7 4dd AYedss 739 9= F(number of
user input requested), AF&AF A F AT Y] AE7E G AL H]E(Ratio
of task completion time to error-free time), 2t 2= th¥] AJF H]E(Ratio of success
to failure), 2ol QA3 7|5 F(number of function learned), H5%¥ 7%
H] £ (percent of function learned), 12| 3 WA} W &H ] 4*(number of command not
invoked)9] 6 7IA|7} =EHIAY T3 HUMEHEv AT E(rating)d A&
A

4=9](ranking)®] 2 7HA17} E&H A Th

28



Table 3.4. Graphic user interface ¥ 7} &=

Group Evaluation metrics Description

EMG e st
EEG HAE
ECG A=
ECP ok g wE A
iftzzpiration volume & sE2 9 oug
Oxygen consumption A g
rate

Physical Heart rate Ak
Body temperature A 2
Body pressure A ot

Objective ?elslgﬁlnse

Blood flow velocity IqF7 &=
Blood pressure =0,
Skin temperature JHE 2=
Skin conductance JH AEE
EOG A=
Eyelid activity =AE A

Psychological Eye movement w52 w24
Pupil diameter &5 7]
Critical flicker fusion A g3 Fuhs

frequency

29



Group Evaluation metrics Description
Task completion time |2t €& A]3H
Time spent in error S EHT AL
User delay time ARE A Al7E
Speed
Time to search function |7]5 B2 A]ZF
Time to learn function |7]%5 &5 A%t
Time spent using help |&=&= A& A QAIZF
Freq. of error x2S
# of task completed SN 2 eks Sl
Freq. of losing control | A| =8l S A sf W%
Accuracy # of out of tolerance slex7 23 35
# of failed command o
t g Ay gk 3l
repea
Objective Tastlf P
performance Freq. of request for help| =52+ A& RI%
# of user input )
F3E g
requested
Ratio of task
AREALE g AR v
completion time to
A7 AGe3AzE vE
error-free time
Efficiency | Ratio of success to
ke Al din] Ay vlE
failure
# of function used Qe deg 7 F
% of function learned | &55% 7% W&
# of command not
HALg WEo]
invoked
- Rating e =
Subjective
- Ranking s 9
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3.2.4. Evaluation Techniques

7P Table 359 #ol F 19 JHAVE E=EHEAY HPIRS

2L
off
)

2 (automatic), 43 & (formal), W] & 4 (informal), —L2]3L 23 % (empirical)

A ogdoln, WULIPEE A FAL wHstel FARS sebshi

ol
oX,
a2
ol
L
o,
ui
ol
oftt
2
o,
N
)
ol
T
rlo
=)
e
A
1
td
o?L
(IJ
2,
o
=
=
=
o
8
Q
ol
o,
=)
oty
g

A1 T (display analytic model)2] 2 7}A|7} =&Eh 3] A 2y 24

A4S S8l AANES HAistske WHela, shd A R ¥(display analytic
model) & UE]#o| 9] el WA & HAshape wlol

HIAZA H7PHS A4 A2 (cognitive  walkthrough), THH 4
Al (pluralistic  walkthrough), 578 A (feature  inspection), T

AP (standards  inspection), € ¥ FA}H(consistency inspection), &2] 2~E]
3 7} (heuristic evaluation), “12]3l 7}o]=2}9l 7 E W (guidelines review)] 7

At mEAY AR AW AgAd Y £9 EARR A2



il

)

—~
10

i

27

7t

3

3L

AR AT

Kol
|

7H

ol

JwAlO
o

0

ﬁo

i)
il

A
NR

—

_X_I
o

S

ojo

o)

H=

testing),
e A
&

protocol),
A

7 ool

i (user trials),

3
o

7} (benchmark

3

3 =27 " (co-discovery

)

protocol),
FeA Apae]

°©

R

inquiry),

aloud
(interview), - Z2AH(questionnaire), AF&Z} A]

N

=]
A A3 (controlled experiments)®] 8 7}A|7}

7 el

15

-

|

I

[e)
@ 2} 2= A (contextual

-2 A} 319 (thinking

=

[¢)

o

AHgA7}

b e

g

B

o

)

}

s
7}

]

8

7 el o
ERE

[}

]

Ay

-

1

oltt. AHH

i

i

%

th el

Phske el

3

bo] %

A &5

43

o
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Table 3.5. Graphic user interface ¥ 7}

Group | Evaluation technique Description
Logging actual use A e AsHoR TFste A3E Hrbe=
QA Ay
Automatic
Retrospective A FIPL& E=3lslo] EAHLE mlorsl= A A v
videotaping anorEE o T e e
Task analytic model | 29] ¥45 F& AW LS HAslsls W
Formal Display analytic model | Q1 E o] 2] 3} WX & X Z sl WY
Cognitive walkthrough | 29 =3 &A 3 2 W<ks d53t7] 913 49
Pluralistic walkthrough AR SR ATk el Sl E e feted
H7yeteE W
Feature inspection Alz=gl S0 AR @ g ol RS HUbete U
tnformal Standards inspection | Q1 E]F|o] =9 FFE}e] F-3 o {5 A 5= WY
Consistency inspection | Q1EJ o] ~9] dAA S 5 HES= U
Heuristic evaluation |37} tie] AMSA 93 &4 935 Hrlstes U
Guidelines review H7F tde] AAAF E=7 oAFE Hrtske WH
Thinking aloud & o] AbEAE A S Faste] Ao AS wE
protocol X5 WUy
Co-discovery protocol T B AREATE Al s A st AR A
T2 xdste Uy
Contextual inquiry AHEALE BHEste] S 7F iAe] AR EE S RS
M 94, 48 = 4= W
Empirical Benchmark testing AP dEAE S st EAES gotske
nterview H7F gidel digt st RS S 94, 49
TS 9= ¥y
Questionnaire Hzb gidel digt A 555 AFste] Hrkste W
User trials APEAL7E Al 2EE AR AREE] EAES A
Controlled experiments| 2 & 874 & A A¢} FAatA Fdst] Hrshe W

33



Chapter 4. CBT GUI Usability Evaluation

P7HA %, 7)) & CBTGUI B7bol A8 & gt 8458 A4dle

AVEA B7E A, aEam e &4319t

4.1. Usability Evaluation of CBT GUI

41.1. Method

ol A AREE AL QQE hierarchy®l context 3¢ CBT GUIZF H7F tjdow
A= Th Hierarchy 39 CBT GUIE Figure 4.1.a9t o] A (title),
] 7 (menu), W-8(content), A" (script), L2|3l 7|5 (function) FH o= A & o

om, o] T Wi FAol= ATshd wHFUEe] HA Hx7E A HIL A

%0,

otk
1

2 rEw 9] @=o] vhehiks Bl (fold) 3 7 (unfold) WA ol H§ 5 of

T}, Context 39 CBT GUI Figure 4.1.b2} #o] A&, W&, 17

K
N
olr

1

daez FAH den, o T g dYel= uSsHed Agsid

M 2A2 9stel BEACR W s W s SEGEANL,

=&, AA 7le R A, 2E A AV Ae)s A
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(a) Hierarchy 3
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(b) Context 3

Figure 4.1. Computer-based training graphic user interface ¥ 7} thA+
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== Table 433 Zo] F3

74

3

3
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Table 4.42} o]
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Table 4.1. Computer-based training graphic user interface A 7] 2.4~
Group Design component Description
Shape std e Y
Style Size st e ae A7)
Color 3 FA LA A
Location st FAA 8 9A
Static
Layout Spacing sH FAHALAT 1A
Alignment 3 AL Ao wd
Depth AZH i 729 dA
Structure
Breadth Y GAA BoAR = @A 5
Activation Al 2~El g4 5] w2
Navigation Al2=®]l ] Flo]A] o]F WA
User input
Control Al 2~Ell 24 w2
Dialogue mode P s R e B A e < S
. AREAE FEel gk Al AE F9 9
Temporality A7HA Qo
. ARE2E el gk A aE EE O
g Spatiality S o
ystem output T Q4
Highlight E4 Axd 3 Az 53
Dynamic Contents AR Y&
Search 72
Function Help ey
Bookmarking 2 7]
Text = Ab
Sound =73
Media Image A=
Video TGN
Animation off L ] o] A
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Table 4.2. Computer-based training graphic user interface 3 7}7]

No. Evaluation criterion Description
1 Attractiveness Ar g elEH o] ~7} Aln| A o|t}
2 Simplicity AR B e H o] 27} st
3 Responsiveness Ol H o] A zZF ] Al&3 mj=ulo] AlZH o
4 Controllability olE] H| o] 27} g-ol3A =&}
5 Informativeness AaE BRI on)7k 9ot
6 Accessibility N2w 225g 98 SlEl ol o olahAl Waath
7 Explicitness AgE ARV s g
8 Visibility Aad AR} Azhd oz waks] <Xt
9 Learnability AR 9 olgHo]lAE A4 A8 4 9tk
10 | Distinctiveness Agd JR7F T AR} Tt
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4.2.2. Results
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4.3. Usability Validation of CBT GUI

4.3.1. Method
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Chapter 5. Discussion
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APPENDICES

B2 A.CBT GUI A4 H7F AEX]

r H
T @ oo

re
>
OH
ot

Computer Based Training (CBT)
GUI A2 A HILX|

Satchstn
g3t
4775 epa

Ho|x| 1/8

54




Design

Group components Description
Shape otE Fe4e] " (o HES ZH ")
e Size aE pEeecl 37| (of wHSE 37| gyl 2% 37))
Color St LER A2 Mt (0 HiZA CRH| 2X A4)
Location ZHE PERAo] A (H: e A
Static @yt | spacing B0 AR 27 (0 HOIK FE HET 7H)
Alignment St FEe4o UiE (M HEZ J5tEe /X ")
Structure Depth AsH e 722 BA = (o4, )
(2)
Breadth ¢ CHAM 20AlE s == (0 3 )
Activation A8 Zagst dhal (0 28, 20, 23 8)
User input Navigation AlA~H LYl page 0|5 &40 (0 sequence, hierarchy, context)
* Control Alagl = sl (o 27| 9 2R ==)
E_:;Ij?”e A-ZRp-A|AE interaction mode (O] box, bar, button, slider)
AHEAE UHO| CHEE AJAE output 2 AIZHE Q4
Temporality
(of: MZEE CfH| S43EE delay)
ASRE UHO| TfF AlLE output 2| SZHE Q4
System Spatiality i
output (Gll: popup & gzt X])
@ s Mo s 2xE =20
Highlight
e (O HE Qo otsA A Al color 2 ZE)
Contents HE g
Dynamic
Search M
Shortcut Cr=7)
Function oor
&) Help g
Print S
Bookmarking | =H 2]
Text I=hy
Sound =4
Media |
() Image ag
Video SdA
Animation ofjumolA
HOo|X| 2/8

55
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