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Definition and Case Study of Effectiveness Metrics
for e-Navigation Usability Testing

Jieun Jungi Seojeong Lee'

ABSTRACT

To achieve software quality and human-centred design for electronic ship navigation called

e-navigation, an international guideline of software quality assurance and human-centred design was
approved in 2015. Usability is a common goal of both software quality assurance and human-centred
design as developing e-navigation system and software developments. Therefore, research is needed to

evaluate the usability of e—navigation systems and software such as metrics that can use usability testing.

This paper derives effectiveness metrics for e-Navigation usability testing based on international

standards. The research method is to analyses and compares the effectiveness measurement and metrics
in ISO 9241-11 for human-centered design and ISO/IEC 25022 and 25023 for software quality to find
out measurements and metrics being defined commonly. The derived metrics are applied to Electronic

Chart Display and Information System as a case study based on performance standard.

Key words: Usability Testing, Software Quality Assurance, Human-Centred Design, E-navigation

.M &

= A| 3] AL 7] F+(IMO, International Maritime Org-
anization)¥ 18 7ol &3 | FAILE Fo]al 3l
& S H5E R 3= E& S F e-Navigation
AL F=Z8] 231 At} e-Navigatione] Ao+ A
b ZRE o o2 d A Y A B
¢ 3lY &7 BRool #HE AMul2Es 33

skel sk AuE AAHQ FHE o] kol
W, 5, 3#, A4 2 BH5HE ZoltH1] e-Navi-
gation A ol o3 G A=W AZE o]
o AHE B o)EEs} 275 glom, amEddf
F49) 04 =¥ BT T Yok e A7
Salol o) Abx BBl oF 80%0] 2 @3l
SRR eI CEE T S REEEEEE

= Zlo] dastth2] olH3 & A2 Z e-Navi-

ol

% Corresponding Author : Seojeong Lee, Address: (49112)
S631, College of Engineering(No. Al) Korea Maritime
and Ocean University 727 Taejong-ro, Yeongdo-gu,
Busan, Korea, TEL : +82-51-410-4578, FAX : +82-51-
410-3986, E-mail : sjlee@kmou.ac.kr
Receipt date : Mar. 8, 2017, Revision date : Jun. 30, 2017
Approval date: Jul. 7, 2017
! Dept. of Computer Eng., Graduate School, Korea Maritime
and Ocean University
(E-mail : jejung @kmou.ac.kr)

™ Div. of Marine Information Technology, Korea Maritime
and Ocean University

% This Research is an outcome of ‘the New Product/
Technology Development Projects with a Purchase Con—
dition’ project sponsored by the Small and Medium
Business Administration (2016-2017). This Research is
an outcome of ‘Development of SW platform and system
for ship safe navigation using meteorological, environ—-
mental and ship information based on IEC61162-450
standard’ project sponsored by the National IT Industry
Promotion Agency (2017).



e-Navigation AI2A TIIE & RaM

gation 2ZE o] A B ZF(SQA, Software Quality
Assurance) % Izt F4 AAMHCD, Human-
Centred Design) 7Fel=2t<lo] 7/BEE e IMO
o] IFEAR T4 SAHAJTS] o]= 2018 F-E
o3 € o4l e-Navigation 7|¥ A28l 2 AZE
doje] kst Fa] A Fo SQA9L HCDE & &3}
A He As oot

o]x ¥ & e-Navigation 75t A|2=8] 2 Eq
o}oll SQASH HCDE 2 &3 of 3t ﬂwﬂ 28 2
IE FUHE F de VoY ZEA 2 WHEY F
F4 grtet #EE A7 253 AA ot ol
e-Navigation SQA 2 HCD 7}o]=2}4<19] 7Ht£°]

wA FHolH, ﬁ%"ﬂ’ﬂ Tk A SfiYF &
E"Jloi P so] £ZE 7Y AF #

< A Al ]?lif_

e-Navigation A28 2 AIZEo]9 7

%

SQA9Jr HCDE T 52= A&stes A2 &
Z

—{n
= 1

==
i

>

>

op

ox

mlo

)

nﬁi

of

ol

é

ﬂ“~ >

<) ™ )
Ny oyE oo 0 2

o,

AZE
A= 71%—014 %Xé HEY 5 %@_g %@ 2
= d77F s,
= AH8A Bl whet fFEA, &
& Tolth, & =EAAE ol A7 2
SQAS HCDE FE22 83k e-Navi-
2EZEgo]9 /\P% TAME &4
%ﬂl 2+ gt HCD
2 AAHA g2
SQA #H e FaEA
< AN ol &

849 HEs
jus

)

¢

=]

-

]

gation

AN
o

L
Jg Fo et
-l>
%0
r{r
=
1rn

2
1
lo
i m
Y
{ o

a
N
of [m
ol
ol
2

a T

i)
flo
&
$
of
oE

2 o
S

q
o
N
N
o
o
o
il
I
3
ek
4

=2

M o B~
Iy
o
m.‘[)_‘il
-
=
)
©
X
T
a
w)}

o o X AN 2 fo
o oox 2 o ox

2

o 30 oot 2 N oo
ol X, Y S (m oo o
)
tlo

roh i gt

> o
O_L‘LLOE

2 ot Ho o

K
o (m T
i)
oo
rlr 4
g:(_)‘
rlr
M

.
e gy
k=)
El
)
=l
o M

b 2

e 2.

U
o
o
fu
Jo
ml
oX
o
Iy
ol
mg){_:
&
O
fr
=)
(m
i
o

N
kI

LB o

2.1 e—navigation SQA, HCD %! UT
LZEO FAL ol BAAEY FEAZHU

ME=! ol & Akl 1339

a7 AL BE 1o e} TL EHL 4
shi= Zolth SQAE o8 2A o] Age FAo
sZEC] AFL NLHE A DAY F ASS
sh AL AAA Aol BEL o v Fe)
[4] 2ZESO7L AFsn T FAS A A
Ao HAY 5 gl PHe 7 FA 54l o
£ WEYS ol gt £TES o] FAL FTH
o2 ZA%T olE 2 Hrss Aot

HCDE Alz=dle] A 2 e 988k 2 <l
AFAS AY A B A1ES A gl U3
N2"E AgE] 3 WS BEE AL BE

32 AlzaEl AL gol o5l HCDE 85t
e 7 BEE S Ao

o)
PN
al
o
le
oX
wd S
jQ
o
o
N
N O

>
ofo
ox
ot
)

= 7HUT, Usability Test-
ing)oﬂ o) gt j’]EH—}ng' —’Fﬂfﬂ% Aot} UT+ oA
u

Sl /\])\Eﬂ < RBAS

3 AL 2ol Ao 2
Aol et A BA =

f .
9|l',
2
r]I
4z
2
-0,
o,
>,
m
i
oft

Auto| Al A 9 ARS
& grolyal AT
e FEAR] Foltt UTE 2ol Abo]E9 =
E AAoA vrEAHo 7 Far i A2 o 1
e A& volEl & AFITH3L
Z, e-Navigation Al =% 9 A3 E o] 2] 7)o
94 UTE =3 HCDE A L3= AL =&
AHEA-E A7) f1delth A S BUtetr] SlsiAl
A8 Y] AFEAQ FX57F D astH ol WE
o A& 4 Ut e-Navigation 7]15F2]
A

12 o SZEAOIE FH7)

il
:Jd
ln O_u
lO r>~1

o 7 gulnie s A 8 gFo] A8 o]
L@ FAHL HEYS Gelste] A5 HIHE
Aok gt

2.2 e—Navigation SQA Z! HCD 7}0|=2f2!

e-Navigation A ko] s Al &of uw}g} SQA 7ol =
24?1, HCD 7lel=ekR], UT 7hol=gislo] 2zt 7
5 o] F o] Al A9 FholEetal e EEEHE 2lo] A
AT B3 sl =ekele] B4 BAWE U
A& IMO MSC.1/Circ.1512 ‘Guideline on Software
Quality Assurance and Human Centred Design for
e-navigation’ | o]= IMO2| EFEAZ 20159



1340 ZEOICINES ==X X20A X8=(2017.8)

Human Centred Design

Software Quality
Assurance

Usability Testing,
Evaluation &
Assessmement

o ©
=< -
= =
o B cF
= =
Gt g3
ofg o5
&5 e
(D& ﬂ}&
39 29
8 83
o o
53 et
2 g
a a

Quiality, Usability and Safety ]

R

Fig. 1. Relationship between SQA and HCD.,
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Table 1.

e-Navigation Al2A

Effectiveness Metrics of ISO/IEC 25022

TIIE 28t 7=y HER &2l 2 Al 1341

ID

Name

Description

Measurement function

Ef-1-G | Tasks completed

The proportion of the tasks that
are completed correctly without
assistance

X=A/B
A=Number of unique tasks completed
B=Total number of unique tasks attempted

Ef-2-

Objectives

S achieved

The proportion of the objectives
of the task that are achieved
correctly without assistance

(X = 1-ZAi | X>0}
Ai=Proportional value of each missing or
incorrect objective in the task output
(maximum value = 1)

Ef-3-G | Errors in a task

The number of errors made by
the user during a task

X=A
A=Number of errors made by the user
during a task

Ef-4-G | Tasks with errors

Proportion of tasks where
errors were made by the user

X=A/B
A=Number of tasks with errors
B=Total number of tasks

Ef-5-G

Task error
intensity

Proportion of users making an
error

X=A/B
A=Number of users making an error
B=Total number of users performing the

task

Table 2, Effectiveness Metrics of ISO 924111

Usability Objective

Effectiveness

Overall usability

Percentage of goals achieved

Percentage of users successfully completing task

Average accuracy of completed tasks

Meet needs of trained users

Number of power tasks performed trained users

Meet needs to walk up and use

Percentage of tasks completed successfully on first attempt

Meet needs for infrequent or
intermittent use

non-use

Percentage of tasks completed successfully after a specified period of

Minimization of support
requirements

Number of references to documentation

Number of calls to support

Learnability

Number of functions learned

Percentage of users who manage to learn to criterion

Error tolerance

Percentage of errors corrected or reported by the system

Numbers of user errors tolerated

Ul legibility

Percentage of words read correctly at normal viewing distance
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Table 3. Effectiveness Metrics

ox

A AT 5 2

of SQA/HCD

SZES oo} stEd o7t A

Abte] 4] gl Au1el AR A A 27 (BCDIS,

Usability Objective

Measurement method of HCD in Table 2

Adaptable SQA metrics in
Table 1 and ISO/IEC 25023[13]

walk up and use

. Ef-2-S
D) - ale =
Percentage of goals achieved Objectives achieved
Overall usability Percentage of users successfully completing Ef-1-G
task Tasks completed
Ef-4-G
Average accuracy of completed task Tasks with errors
Number of power tasks performed EF1-G
Me?t needs of b P Tasks completed
trained users -
Percentage of relevant functions used N/A
Meet needs to Percentage of tasks completed successfully on Ef-1-G

first attempt

Tasks completed

Meets needs for infrequent

Percentage of tasks completed successfully

UI legibility

. . e . N/A
or intermittent use after a specified period of non-use /
Minimization of Number of references to documentation ULe-1-G
support requirements Number of calls to support User guidance completeness
Number of functions learned N/A
Learnability Percentage of users who manage to learn to N/A
criterion
Percentage of errors corrected or reported by UEp-2-S
Error tolerance :
the system User entry error correction
Percentage of words read correctly at normal Ef-2-S

viewing distance

Objectives achieved

Table 4, Common Effectiveness Metrics for e—Navigation S/W

Characteristics

Measurement 1D

Measurement name

Ef-2-S Objectives achieved

Ef-1-G Tasks completed
Effectiveness Ef-4-G Tasks with errors

ULe-1-G User guidance completeness

UEp-2-S

User entry error correction
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Fig. 3. Electronic Chart Display and Information System,
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Table 4, Common Effectiveness Metrics for e—Navigation S/W

Characteristics Measurement ID Measurement name
Ef-2-S Objectives achieved
Ef-1-G Tasks completed

Effectiveness Ef-4-G Tasks with errors
ULe-1-G User guidance completeness
UEp-2-S User entry error correction
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Table 5. Objectives achieved for route planning function

Metric name

Objectives achieved

Purpose Measure whether ECDIS can output all route plan without missing or incorrect value
Measurement X=1-2Ai
function Ai = Proportional value of each missing or incorrect result among route plans

output by ECDIS

Result value

(0=X<1, The closer to 1 is better.)

Minimum standard
of measurement

- Try to route planning with at least 10 way points
- Including both linear and curvilinear connections between way points

Table 6. Tasks completed of route planning function

Metric name

Tasks completed

Purpose Measure whether tasks for route planning that are completed correctly without assistance
Measurement X=A/B
. A = Number of planned routes as requested by the user
function

B = Number of routes that attempted the planning

Result value

(0<X <1, The closer to 1 is better.)

Minimum standard
of measurement

- Try to route planning with at least 10 way points
- Including both linear and curvilinear connections between way points
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Table 7. Tasks with errors for route planning function

Metric name

Tasks with errors

Measure the accuracy of the function for route planning such as adding, deleting,

Purpose e . .
D positioning and changing of way point
Measurement X=A/B
. A = Number of tasks with errors
function

B = Total number of tasks used to complete route planning

Result value

(0<X<1, The closer to 0 is better.)

Minimum standard
of measurement

- Try to route planning with at least 10 way points
- Including both linear and curvilinear connections between way points
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Table 8. User guidance completeness for ECDIS

HE=! ol & Atel 1345

Metric name

User guidance completeness

Measure whether the user guidance includes a full description of the function

Purpose of ECDIS
Measurement X=A/B
fu‘nction A = Number of functions described in the ECDIS user guidance and help facility

B = Total number of functions implemented in ECDIS

Result value

(0=X<1, The closer to 1 is better.)

Minimum standard
of measurement

User guidance should be provided with sufficient information to assist the
installation, operation and understanding of ECDIS

Table 9. User entry error correction for route planning function

Metric name

User entry error correction

Measure to what extent do detected user entry errors with an identifiable cause

Purpose . . .
i provide a suggested correct value during route planning
Measurement X=A/B
function A = Number of entry errors which provide a suggested correct value

B = Number of entry errors detected during route planning

Result value

(0£X <1, The closer to 1 is better.)

Minimum standard
of measurement

- Try to route planning with at least 10 way points
- Including both linear and curvilinear connections between way points
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