creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86t AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Metok ELIChH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aeles 212 LWS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

ok
o
1%
>
>
10
do
r
2

e-Navigation A}-&84
HE ‘E:vl

A Study of Metrics for Usability Measurement of
e—Navigation

2017 24
ST g sta ok

HAFHE

7}

ol dH
flo Lo

A

A



H O
L 1.0
LI (L= ;gxo
(®] o] Fo
RS )0l FERA) lefeo =
Tl O] c
1o ]-
=

®
e,
=2
Iz
et
rs

Collection @ kmo
u




e
N

LSt Of TablEg -w+verreereeereeereereersrernreenrtentitt ettt ettt ettt ettt iv
List Of FAgUrEs «roeveeesseesssrmssrrsss st vi
Abst‘ract ................................................................................................................ vii
;q] 1 JQ- /\-] T LT T T PP P PP PP PP TIPS PPP RPN PRPIN 1

A2 Bd AT

2.1 SQASF AFEAD rrire et s 3
211 Z2ZEY O] AFE T it 4
212 Z2ZEO] AT T e 6

2.2 HCDEF AFLAD vttt 8

2.3 o]iH]Alo] A SQA E HCD 7FO] T BFQl et 9

Al 3 oWHIAINA AHEAR SHE AT WEY AT

3.1 SQAL] AFEA] T EE] st 13
311 AZEY 0] AL FZZ ALLA HEF i 13
312 A2 EY o] AZE ZZO AFLA WED 16

3.2 HCDO AFEA W E G s 19

— 11 —

Collection @ kmou



33 SQA/HCD-O/] /\}—%—/\‘] HE T B DL cooeeeerrermerme, 21

331 S HEA T EE] e 71
332 &84 uﬂEa .......................................................................... 26
333 UDE T E T oo tosneesssenssaseas 30

34 olyulAlo]| S 3k AFRA HEZ T i, 33

4.1 ECDIS 7] 7,< ,E_;g ......................................................................... 37
42 ECDIS AS7]3 L AT oo 38
43 /\}%_ %;5___]_/] /\}_g_xg ]Ea 71/\1;11:1].0]78 .................................. 39
4371 BFRA|Z] T]) 5 oottt 39
432 SENC AH ST 7]3%5 et 41

44 AZ T2 ALLA WEZ HAZRE| O] A e 43
A5 A AE W T AL 52
FE T BT et 54

— i -

Collection @ kmou



List of Tables

Table 2.1 Definition of Effectiveness, Efficiency and Satisfaction -+
Table 2.2 Definition of Satisfaction’s Sub-characteristics —«:::eeeseeeeeeeeeees
Table 2.3 Definition of Usability and Usability’s Sub-characteristics -
Table 3.1 Usability Metrics in terms of Quality-in-use e
Table 3.2 Usability Metrics in terms of Product Quality «eeeeeeeeeeseeeeess
Table 3.3 Examples of Usability Measures for Overall Product -
Table 3.4 Usability Measures for Desired Properties of the Product -
Table 3.5 Effectiveness Metrics of SQA/HCD w#rwsseeserssemssesssesssissssisninsinns
Table 3.6 Efficiency Metrics of SQA/HGCD -rresessssseseemesssssssensesssssinnineenss
Table 3.7 Satisfaction Metrics Of SQA/HQCD +wesrrssersssesssessssisssensssissssissenns
Table 38 Usablhty Metrics for e-naVigation ................................................
Table 3.9 Usability Metrics for e-navigation Software Product -
Table 4.1 Effectiveness Metric of Route Planming «:::eweseeeeeeeseseseseseneneeess
Table 4.2 Efficiency Metric of Route Planmuing « - swewsseseesseseeesness
Table 4.3 Effectiveness Metric of Display to SENC Information -
Table 4.4 Efficiency Metric of Display to SENC Information e
Table 4.5 Customizing Metrics of Software Product’s Usability

£OT FCDIS «eveeveeresessesesemsusmmesissnsssssssssssssssssssssssssessssassssssasssssssssssssss s sessassesssnnas
Table 4.6 Customizing Description completeness for ECDIS «eeeeeeeeeeeees
Table 4.7 Customizing User guidance completeness for ECDIS e
Table 4.8 Customizing Error message understandability for ECDIS -+
Table 4.9 Customizing Self-explanatory user interface for ECDIS -
Table 4.10 Customizing Operational consistency for ECDIS eeeeeeeeeeess
Table 4.11 Customizing Message clarity for ECDIS e

_iV_

Collection @ kmou

46



Table 4.12 Customizing User interface customizability for ECDIS - 48

Table 4.13 Customizing Undo capability for ECDIS :wweeeererereeeeeeeserenenceee: 48
Table 4.14 Customizing Avoidance of user operation error for ECDIS

.................................................................................................................................. 49
Table 4.15 Customizing User error recoverability for ECDIS erereeeeee: 50
Table 4.16 Customizing Appearance aesthetics of Ul for ECDIS - 50
Table 4.17 Customizing Supported languages for ECDIS «wweeeereeeeeeeeese 51

Collection @ kmou



List of Figures

Fig. 2.1 Software Quality-in-use Model of ISO/IEC 25070 «ewereeeeeeereseeeseeeeess 4
Fig. 2.2 Software Product Quality Model of ISO/IEC 25070 «eeeeeeeesereeeees 6
Flg 23 RelatlonShlp between SQA and HQCD roereeereremerreereniniii. 10
Fig. 2.4 Concepts and Standards for e-navigation Quality Design

A TETIDULES ooreerrerererrrreerrementetttt ettt ettt sttt sttt st sttt sttt s ittt 11
Fig. 3.1 Process of Deriving Usability Metrics for e-navigation ==« 12
Fig, 4.1 ECIDIS st bbb 38

- yi —

Collection @ kmou



A Study of Metrics for Usability Measurement of
e-Navigation

Jung, Ji Eun

Department of Computer Engineering
Graduate School of Korea Maritime and Ocean University

Abstract

The International Maritime Organization(IMO) has promoted e-navigation
strategies for the purpose of reducing marine accidents due to human
errors and protecting marine environment. In accordance with the
e-navigation strategy implementation plans, e-navigation SQA and HCD
guideline was developed, and this was adopted as circular document of
IMO in 2015. With the implementation of e-navigation strategies from
2018, e-navigation SQA and HCD guideline will be applied to marine
systems and software developments. The e-navigation SQA and HCD
guideline presents international standard-based procedures that can reflect
human factors in e-navigation system and software developments and
ensure software quality. The main quality that we want to achieve by
applying SQA and HCD to system and software developments is

usability. The usability is a main characteristic of software quality, and
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the wusability evaluation is a method of assessing the results of
application of the HCD principle. In this paper, the usability evaluation
items of ISO 9241-11, the HCD related standards, and the usability
metrics dealt with in ISO/IEC 25022 and 25023, the SQA related
standards were analyzed and compared in order to help measure and
evaluate the wusability of the products developed by applying the
e-navigation SQA and HCD guideline. ISO 9241-11 provides the usability
evaluation items that can be applied to the entire system including
software, and ISO/IEC 25022 and 25023 provide specific metrics for
measuring the software usability. The results of a comparison between the
usability metrics of ISO 9241-11 and the usability metrics provided by
ISO/IEC 25022 and 25023 derived that the set of usability metrics for
e-navigation. This is a core set of metrics that can be used for usability

measurement regardless of the type of e-navigation system and software.

KEY WORDS: Software Quality Assurance AZEo] F& X3, Human
Centred-Design 1%t 54 A, Usability AF84; Quality-in-use AH8 #F3;
e-Navigation °|WjH]Alo]A; Quality Metric & HEZ;
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Fig. 2.1 Software Quality-in-use Model of ISO/IEC 25010
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Table 2.2 Definition of Satisfaction’s Sub-characteristics
B2EA A 9]
T8 2ZEG] AF R AN2H AE AT AR
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Fig. 2.2 Software Product Quality Model of ISO/IEC 25010
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Table 2.3 Definition of Usability and Usability’s Sub-characteristics

5 e
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Fig 232 SQAS} HCDO #HAE Yeldth ojuinAlolde] 7 3 &

ol SQA®H HCDE Z%std dux st 54 2 H&std F434 A
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/- 2 . ” = i
=31 4 b / =21
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& \ / -
\ e
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Fig. 2.3 Relationship between SQA and HCD(Lee, et al., 2015)
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e-navigation quality design attributes

Managed through a Quality Management System

Product Data Meet User Functional
Quality Quality Needs Safety
r 3 y 3 F'y F

Baszed on 150/ Based on
IEC 27000} IECB1508

Guided through Human
Centred Design (HCD)
process based on 1509421~
210

‘Guided through Software product quality
based on ISO/IEC 25000 and Software
process quality based on ISO/IEC 12207

Guided through Usability
Testing Methods based on
ISO/TR 16982

Guided through Software quality
evaluation based on ISO/IEC 2504n and
System and software assurance based
on ISO/IEC 15026

Covered by this guideline

Fig. 24 Concepts and Standards for e-navigation Quality Design
Attributes
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A 3F oURAlAE AT AHAY WHEY AF

2 Ao A= ISO/IEC 25022, 25023914 Al-&3l= SQAS AEA WE
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ste] oJufnAlo] A AR BTt AR ¢ e WMEYS 5T
T 9GAE =43} stH Fig 3.13% 2.

i

Y
2

| SOAAI2MMIEZ | | HCDAIBAHMEZ | | SHAABMHET |
[ [ I
ISO/IEC 25022 IS0 9241-11 ISO/IEC 25023
AZEAN AR B S£MB ADENN HE S

oL L ELUE: L

| AEA Mxq | madMEd | as Mew

2 =29 a7 9

12 S HE=0A HIS0k= S0A/HCDY Al d HIES MY
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Fig. 3.1 Process of Deriving Usability Metrics for e-navigation
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TogA g3t e AlaE B AZEYo] ALGAS %Zé%‘ T 3

WEee] Ak

3.1 SQA9 A-&4 W EY

B dodes AZEO AE FH9 HWEZHS UOFE IFAEEY
ISO/IEC 25022¢} 4~ ESJo] AF FHo WMEYS tFs IARE
IEO/IEC 2502304 A|F3tE AT Ed o] AFE FA3 AL FHA o
T AR WEY dis) A En

311 2ZEo] AHE FE9 A4 HEY
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25022 EA oA A F3t} o] FAREEFLS RE FRHO SE8IZTZ I
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Faroll A AbgE 5 e FgolH, S 54 270 E3FE] e &
Fo]t}. Table 3.1 ISO/IEC 25022041 Al &3t A8 T2 FE4H &
AL &l 84, A4, EEY FEAC & WEHY olF
IDE %2 AT Aol
Table 3.1 Usability Metrics in terms of Quality-in-use
FEA FEA HEY o|F HEg D
29 g
Ef-1-G
(Tasks completed)
23 24 E
Ef-2-S
(Objectives achieved)
z]- Z ylA l: o= 2=
] ‘ A 5 At /Y Bf-3-G
FaA FaA (Errors in a task)
Y T oF A vE
Ef-4-G
(Tasks with errors)
AHEA7E dodE 2 /9
H) & Ef-5-G
(Task error intensity)
2k A zk
Ey-1-G
(Task Time) y
e 78
W Ey-2-G
(Usage efficiency)
H g4
e Ey-3-G
<o N (Cost-effectiveness)
g&4 a&4
AAEA QL AIZE ¥ &
. . . Ey-4-G
(Productive time ratio)
5 Q3 2
= <l Ey-5-G
(Unnecessary actions)
I =
= Ey-6-G
(Fatigue)
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Table 3.1 Usability Metrics in terms of Quality-in-use (cont.)

FEA REA HEY o]F HEZ D
o)t Rl ] I e S G
R o Us-1-
(Overall satisfaction) °
715l dg e
SUs-2-G
(Satisfaction with features)
RS- A A o] A
Hi S s SUs-3-G
(Discretionary usage)
e &8%
e wE= SUs-4-G
(Feature utilization)
&4 ALY ENhe
(Proportion of customers SUs-5-G
complaining)
e 4 el t@ e
=2
(Proportion of customer SUs-6-G
complaints about a particular
feature)
AL AL E
2 STr-1-G
i User trust
ALE2 EA R
=ne A& =A%) SPI-1-G
(User pleasure)
] AA A AR SCo-1-G
Hetg . o-1-
# (Physical comfort)
Table 3.1& A#HHEW [SO/IEC 25022 FEAS AT 4+ = W
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Table 3.2 Usability Metrics in terms of Product Quality
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Table 3.2 Usability Metrics in terms of Product Quality(cont.)
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Table 3.4 Usability Measures for Desired Properties of the Product
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Table 3.5 Effectiveness Metrics of SQA/HCD
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Table 3.6 Efficiency Metrics

of SQA/HCD(cont.)
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Table 3.7 Satisfaction Metrics of SQA/HCD(cont.)
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Table 4.1 Effectiveness Metric of Route Planning
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