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In recent years, social changes and rapid development
of electronic information technology has made
consumers become variable in product requirements.
Product design needs to satisfy different types of
consumers. As such, the designer must use computer
database in the generation of product forms and at
the same time meet consumer requirements and
preferences. Kansei engineering can effectively
analyze the human emotion and reflect it on product
characteristics. In general, Kansei Engineering
helps designers to quantify a variety of emotions and
link with engineering aspects of design. However,
the linkage between emotion and rationality in
product design is still very weak and needs further
exploration. The research project will integrate
properties of emotion and rationality into the
generation of product forms. During the development
process, Kansei semantic differential approach,
factor analysis, conjoint analysis and quality
function deployment will be used in a sequential
connection for the first stage of product design. It
1s expected that the development of the proposed
approach will reduce the differential cognition
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between consumers and designers and link customer
requirements with product form elements to help
improve efficiency of design activity and quality.

Kansei Semantic Differential Approach, Factor
Analysis, Quality Function Deployment, Synectics
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Integration of Kansei Semantic Differential Customer-Oriented Design Analysis and Rational Graphics
Generation Model into the Development of Product Forms (1)

# % 3t & (Abstract)

In recent years, social changes and rapid development of electronic information technology has
made consumers become variable in product requirements. Product design needs to satisfy different
types of consumers. As such, the designer must use computer database in the generation of product
forms and at the same time meet consumer requirements and preferences. Kansei engineering can
effectively analyze the human emotion and reflect it on product characteristics. In general, Kansei
Engineering helps designers to quantify a variety of emotions and link with engineering aspects of
design. However, the linkage between emotion and rationality in product design is still very weak and
needs further exploration. The research project will integrate properties of emotion and rationality
into the generation of product forms. During the development process, Kansei semantic differential
approach, factor analysis, conjoint analysis and quality function deployment will be used in a
sequential connection for the first stage of product design. It is expected that the development of the
proposed approach will reduce the differential cognition between consumers and designers and link
customer requirements with product form elements to help improve efficiency of design activity and
quality.

Keywords : Kansei Semantic Differential Approach, Factor Analysis, Quality Function Deployment,
Synectics
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Welcome to the 16" International Conference on Human-Computer Interaction

HCI International 2014, jointly with the affiliated Conferences, which are held under one management and
one registration, invite you to Crete, Greece, to participate and contribute to the international forum for the
dissemination and exchange of up-to-date scientific information on theoretical, generic and applied areas of
HCI, through the following modes of communication: Plenary / Keynote Presentation, Parallel Sessions,
Poster Sessions, Tutorials and Exhibition.

The Conference will start with three days of Tutorials (22-24 June). Parallel Sessions, Poster Sessions and the
Exhibition will be held during the last three days of the Conference (25-27 June).
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Conference at a Glance

Conference Registration - Secretariat

Conference Registration will take place at the Conference Secretariat, located at
the Secretariat room next to ZEUS Hall, during the following hours:

Conference Evaluation

Your opinion and comments are very
important for the improvement and
future planning of the conference. We
kindly ask you to spend a few minutes
to fill-in the on-line anonymous survey

www.surveymonkey.com/s/HCII2014

Saturday, 21 June 16:00 - 18:00
Sunday, 22 June 08:00-17:30
Monday, 23 June 08:00-17:30 through the link:
Tuesday, 24 June 08:00-17:30
Wednesday, 25 June 07:30 - 18:00
Thursday, 26 June  07:30 - 18:00
Friday, 27 June 07:30 - 18:00

The Conference registration fee includes:

- participation in all open technical sessions (i.e. Parallel Paper Presentations)
« entrance to the Exhibition

- refreshment breaks between sessions (2 per day, mid morning and mid

afternoon)

- Conference proceedings
- one ticket for the Conference Reception

Cancellation policy: Registration fee for any event is non-refundable.

or scan the
QR-Code
on the left

" The survey will be available until
30 July 2014

PROGRAM 2
k Sunday ; 5
. 22June 2014 | 09:00-17:30 Tutorials Day 1 - page 13
é e
' Monday .
:00-17: Day?2 -
23 June 2014 09:00 - 17:30 Tutorials Day 2 - page 13
. 08:30-17:00 Tutorials Day 3 - page 13
i Opening Plenary Session - Room: ZEUS Hall
' “Keynote Speech - page5
| Tuesday | 10.00- 1930 Usability: Lessons Learned ... and Yet to Be Learned
i‘ 24 June2014 | .
i by: James R. (Jim) Lewis
Senior Human Factors Engineer
i IBM Software Group
3 19:45 Conference Reception - page 8
: . Parallel paper presentations, Day 1 - 20
. Wednesday | AP pre page
i 25 June 2014 | 08:00 - 18:00 Poster presentations, Day 1 - page 84
: Exhibition, Day 1 - page 10
Th Parallel paper presentations, Day 2 - page 44
2% Jun:: 201 4‘ | 08:00-18:00 Poster presentations, Day 2 - page 84
5 Exhibition, Day 2 - page 10
Frid Parallel paper presentations, Day 3 - page 64
2 08:00-18: tations, Day 3 - 84
. 27 June 2014 | 08:00 - 18:00 Poster presentations, Day page

Exhibition, Day 3 - page 10




Thursday, 26 June 08:00- 10:00
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CERTIFICATE OF PARTICIPATION

This is to certify that Prof. Ming-Chyuan Lin, FAR EAST University, Taiwan, has registered and
participated in HCI International 2014, the 16th International Conference on Human-Computer Interaction,

and the Affiliated Conferences, held in Heraklion, Crete, Greece from 22 to 27 June 2014.

25 June 2014

Heraklion, Crete, Greece

Constantine Stephanidis

General Chair, HCI International 2014
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HCI2014 16th International Conference on Human-Computer Interaction

In the Field of “Human Interface and the Management of Information”
6/26/2014

A Study on the Interface Design of a
Functional Menu and Icons for In-
Vehicle Navigation Systems

Ming-Chyuan Lin
Department of Creative Product Design and Management
Far East University, Taiwan

A Study on the Interface Design of a Functional Menu and Icons for
In-Vehicle Navigation Systems

Outline
1. Introduction
2. Development Procedure

3. Identification and Clustering Analysis of
Functional Items

4. Construction of an IN-Vehicle Navigation
System (IVNS) Interface

5. System Interface Experiment
6. Conclusions

1. Introduction

Backgrounds

@The IVNS in 3C Electronic products becomes popular and
involves daily information, leisure activity, entertainment
guidance and communication

@Global positioning system of IVNS is an essential
equipment in a vehicle

@Different menu functions and interface operation of an
IVNS based on user preferences and requirements might
affect the quality and safety of driving

@The number of functional items, layer arrangement of menu

interface and visual icons still need further improvement

1. Introduction

Objective

Develop a systematic platform to
design the framework of functional menu
layers and the corresponding functional
icons based on analyzing user
requirements

2. Development Procedure

Three Development Stages

() Identification and Clustering
Analysis of Functional Items

(2) Construction of an IVNS Interface
System

(3) System Interface Experiment

3. Identification and Clustering
Analysis of Functional Items

(1) Identification of the Functional Items

(2) Clustering Analysis of the
Functional Items




Interface design factors for IVNSs

Spec1 Spec2 Spec 3 Speca Spoc s
Screen size 3.5 inch 3.3 inch 2.7 inch 5.2 inch 7 inch
Display aspect - )
ratlo 4:3 16:9
intertace 1type 2 types 3 more types

upside: pawer
center: select area
downside: search
buttons

upside: power
center: sebect area

upside: select area upside: power
single frame  downside: search  downside: select
buttons area

Main interface

upside: select area upside: power

Identification of the Functional Items

@ Five brands: Garmin, Mio, Panasonic,
TomTom and HOLUX

@ 61 functional items were collected

o a1 downsde: search including 39 common functions and 22
omse. " somesize _dferent iz special functions
Information of
rokimeciuce | Imaex - Wmsdiexd i @ 44 functional items are identified based
bintertace T © s on 32 effective questionnaire results
intertoce ayers : 3 .
Display switch dlick ion ik icon and click icon and
mode switch the screen _confirm
leon frame :::‘::: with borders
Font :":::n""” Arial Arial bold
List of Clustering Analysis of the Functional Items
collected
and @AIOs (A: activity; I: interest; O: opinion)
:cdentl.fledl type of questionnaire is used
.:InCtIOI‘Ia @ 10 types of activities, 7 types of
Iems

interests and 8 types of opinions
@ 106 effective questionnaire results
@ SPSS Software for factor analysis

@ 9 clusters of usability scenarios
identified

© 00 ~NO O WDN P

Nine Clusters of Usability Scenarios

. GPS system setup

. Use of GPS while travelling

. Travelling from one place to another place
. Daily use of GPS on duty

. Change destination while driving

. Use of GPS for non-GPS activity

. Use of GPS before driving

. Personal Preference with GPS setup

. Use of GPS for an emergency

Relational Evaluation Between Identified
Functional Items and Usability Scenarios

@ Conduct an interaction matrix

@ 0 denotes no relation; 1 denotes with
relation

@ 10 GPS experienced subjects

@ Ward’s method in SPSS software is used
to generate a hierarchical cluster of the
system interface




ke & Sub-interface menu Maini Sub-interface menu
Examp|e Layer 1 Layer 2 Layer 1 Layer 2
3 Custer 1 Category  Attraction Gas station [Custer 4 Amusement  Mowie
showin gan Searth  Accommodation Public Photo
A transport
alternatlve Entertainment My routes Radio
cluster of an Restaurant M
Hypermarket Chuster 5 Manninga  Simulate
IVNS system Powe | route Panamwte |
interface Owgnization | Paoningarote |
Museum Detour
Bank (Chuster 6 Setup Help Cuick setuy
Parking lot Reset Volume
Cluster 2 Quick Intersection Sawe mod
Search  Address | TimeDate
Road Sereen
Calibration
Map view Brightness
Phone number Color
Highway ramp Types of route
Higtory Bluetooth
Coordinate Language
Cluster 3 Emergency Roadside
assistance
119
Hospital

4. Construction of an IVNS Interface
System

(1) Determination of the Interface for
Functional Menu Framework

(2) Icon Design for Functional Items

(3) Construction of an Interactive User
Interface

Determination of the Interface for the
Functional Menu Framework

@Current functional menu framework
consists of one main interface and
one sub-interface

@3 types of main interfaces and 3

types of sub-interfaces identified in
an individual display

Parameters and Levels of the Functional
Menu Framework

Level

Top: selection area Top: power area  Top: power area
Single frame  Bottom: browse  Bottom: selection Center: selection area
area area Bottom: browse area

Main interface

Top: selection area Top: power area  Top: power area

Sub-interface Single frame  Bottom: browse  Bottom: selection Center: selection area

area area Bottom: browse area

Maximum  Main

. 4 5 6
number of  interface
functional
unctional g b inteface 6 8 10
litems

Font Times New Arial Arial bold
Roman

Characteristics of Recommended
Parameter Levels

@Main interface with power area at top,
selection area at bottom
@Sub-interface with power area at top,

selection area at center and browse
area at bottom

@6 functional items in main interface
@10 functional items in sub-interface
@Font with bold

Icon Design for Functional Items

@ Collect graphic icons from marketed
functional items

@ 50 graphic icons used and redrawn

@Adobe Flash CS3 is used

@ |dentify semantic image nouns for
questionnaire design

@32 effective subjects




Five Criteria for Icon Graphics Design

1. Limit an IVNS icon to 48x48 pixels with an
area greater than 64 mm?2

2. Use a single color as a background to
obtain better tapping effect

3. Simplify the graphic image, color and shape
to make it easy for users to understand

4. Unify the style of icons to be a family image

5. Allocate supplementary texts of functional
items under the icons to enhance
recognition

Partial Icon Designs for Specific Functions

Mem Catcgory Scarch  Entertainment Gias station Search Restaurant Public transport
il s,
Ammy
- B 2 n =
Category ENTMT Gas Search Reutawant T
liem Roudside wsistunce Hypermarket  Myrowtes  Amusement  Picre  Intersection
an & I
o gy - - T
ERA HYM My routes Amusement Picrare Intersection
liem e Organization Al S v b Road
o (=4 £ IL |
icon ofda  [f== (1]
Route Ong Address Setungs Museum Road
ltem Anraction Bunk M
a2 = l
oo A S
Antraction Bank Map view

Construction of an Interactive
User Interface

@ Determination of the system panel
@ Arrangement of the functional menu

framawork
THLCATTTI VY U N

@ Retrieval and editorial process of the
functional icon graphics
@ Interactive connection of the interface

Simulation of the IVNS System
Interface (HP iPAQ 212)

Representation of Main Interface

| 0e 7 ||
5 8
_ i N
rr
——
Category Search Route

=[[al
assistance

Roadside Amusement Settings ‘

Representation of Partial Sub-

Interface
o8 < |
Parking lot Gas station k?-::g&-g My routes

@ =Aa IT 1

&




Hierarchical Framework of the
Interactive Interface

( Quick link Main-frame
Layer 1 [Object: Icon _’Ohjec!: Icon

Action: Click an icon Action: Click an icon
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Layer 2
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Reaction: Static
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Switch to the operation

> Complete the action
screen

5. System Interface Experiment

(1)Experimental Planning of Proposed System
Interface

(2)Conduction of System Interface Experiment
(3)Analysis of System Interface Experiment

Experimental Planning of Proposed
System Interface

@ one group using the developed in-
vehicle navigation system; the other
group using the Garmin Nuvi 1370T

@ 10 types of tasks were designed for the
experiment

@ 20 tested subjects (13 experienced and
7 non-experienced)

Conduction of System Interface
Experiment

@ completion time (in seconds)

@ number of times the user went back
and forth between the layers

@ number of mission errors

Analysis of System Interface Experiment

9 interface evaluation criteria:

(1) appropriate layout

(2) appropriate color

(3) easy to click

(4) easy to understand functional icons
(5) easy to understand texts

(6) avoid inappropriate touch

(7) easy to find functional items

(8) easy to learn the interface

(9) overall satisfaction

6. Conclusions

@ The developed IVNS had a higher
satisfaction than that of the comparison
system

@ A certain number of tested subjects and
guestionnaires is needed for modification
and validation

@ The proposed research will provide
designers with information and process
for an IVNS development




Acknowledgements

The authors are grateful to the National
Science Council, Taiwan for supporting
this research under the grant number
NSC 102-2221-E-269-023

Co-Authors

@ Yi-Hsien Lin, Ph.D., Assistant Professor

@ Chun-Chun Lin, Ph.D., Associate Professor
and Chairman

@ Jenn-Yang Lin, Professor

Department of Creative Product Design and Management
Far East University, Taiwan

The End

Thank You




A Study on the Interface Design of a Functional Menu
and Icons for In-vehicle Navigation Systems

Ming-Chyuan Lin’, Yi-Hsien Lin, Chun-Chun Lin, and Jenn-Yang Lin

Department of Creative Product Design and Management, Far East University, Tainan, Taiwan
{minglin, jylin}@mail.ncku.edu.tw, yisam0915@yahoo.com.tw,
purelin@msl7.hinet.net

Abstract. The progress in computer technology and information communica-
tion for consumer electronics and related intelligent products has greatly en-
hanced the usability of the global positioning system (GPS) of in-vehicle
navigation systems (IVNSs). However, too many functions and information
can be a burden to users while driving, which could include unsuitable icons,
inappropriate framework configuration, redundant functional items and an un-
suitable hierarchical configuration. The objective of this study is to develop a
systematic platform to design the framework of functional menu layers and the
corresponding functional icons based on analyzing user requirements. This
research performed a three-stage assessment and an analysis on the graphical
user interface, hierarchical layers of the functional menu such that the IVNS
could be re-constructed based on the data collection and the analyzed marketed
IVNS. IT is expected to provide reference information and a research process
for designers to help create a more humanized, intelligent human-computer
interaction.

Keywords: In-Vehicle Navigation System (IVNS), Menu Layer Configuration,
Icon Design, Fuzzy Analytic Hierarchy Process (FAHP), Graphical User
Interface.

1 Introduction

Due to the rapid progress in vehicle technology, many newly marketed products with
intelligent functions are installed in vehicles to provide a more comfortable and con-
venient user environment for drivers. The global positioning system (GPS) of in-
vehicle navigation systems (IVNSs) is one of the most common functions in a vehicle
and is now considered essential equipment. With the assistance of an IVNS, the user
can efficiently drive the vehicle to their desired destination without traditional guide-
books or maps. In general, there are two IVNS modes: (1) before driving and (2)
while driving. The before-driving mode allows the user to set up the IVNS for the
upcoming journey, whereas driving mode allows the user to readjust or modify the
route while driving. The IVNS can also involve related communication, daily
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information, leisure activity and entertainment guidance. Because an IVNS can
integrate various functions into an intelligent system for driving, vehicle manufactures
have tried to increase the number of functions in their IVNS to enhance the competi-
tion in global markets and satisfy user requirements. Several manufacturers have
even designed particular functions or operational interfaces for their [IVNSs to streng-
then their respective technology. The functions and operational interfaces of an
IVNS vary greatly and are based on the manufacturer’ specifications and technologi-
cal support. Most of the differences in the visual designs and functional segmenta-
tions appear in the menu functions and interface operation of the IVNS, which allow
the user to operate the product based on their preferences and requirements. Despite
these differences being the reasons why users choose a particular IVNS based on his
or her preferences and use requirements, using intelligent products while driving will
affect the quality and safety of driving. For example, inadequate interface informa-
tion might make it difficult for the user to operate their IVNS, unsuitable icons and
inappropriate configuration will confuse users, redundant functional items and an
illogical hierarchical configuration will waste drivers’ time when searching for func-
tional items and increase the driver's mental workload. Furthermore, different IVNS
brands have their own operational procedure and characteristics that will make the
choice difficult. Green [1] suggested that an IVNS with redundant functions or an
inappropriate icon design, interface framework and layer arrangement would confuse
users during operation and cause users to spend more time searching for their desired
function. PreiBner [2] recommended that the information interface design criteria of
a vehicle should include the (1) use of a hierarchical structure in the multi-functional
menu selection, (2) consider consistency and organization of related functions, (3) use
simple images for functions and (4) consider the visual habits of users using the inter-
face display.  Amditis et al. [3] noted that a well-designed navigation system can
enhance driving efficiency and reduce operational errors and accidents. Jung [4]
introduced a context-sensitive visualization (CSV) method to incorporate users' inter-
nal contexts in the interactive product design by mapping out information onto the
context models. Lin, et al. [S] considered that design a sub-window system in the
IVNS to help reduce navigation errors. Cui, et al. [6] observed that the IVNS users
tend to favor two-level hierarchies in grouping segments and use the similarity in
content objects and applications. Cui, et al. also stressed that navigation history has
to design in a content-centric way to organize and prioritize mobile interaction events
and allow large individual differences. However, the usability of an IVNS based on
the number of functional items, layer arrangement of the menu interface and visual
icons may not satisfy users’ requirements and still require further study and improve-
ment. Therefore, the human-computer interaction interface in the IVNS should be
designed and developed based on users’ cognitive behavior to allow the contents to be
displayed in the most comprehensible way. The objective of this research is to pro-
pose an appropriate interface design model for IVNSs; the analysis is followed by a
validation experiment to recommend an optimum operation interface of an IVNS
including a recommendation for a hierarchical layer configuration of functional items
and icons that would help designers establish users’ awareness on the graphical user
interface and the information transmission mode of the electronic guide map.
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2 Development Procedure

According to the research objective, there are three development stages for the pro-
posed interface design model of an IVNS, which are the following: (1) identification
and clustering analysis of functional items, (2) construction of an IVNS interface
system and (3) system interface experiment. Stage 1 includes (1) identification of
the functional items and the (2) clustering analysis of the functional items. In Stage
2, the construction procedure includes (1) determining the interface for the functional
menu framework, (2) designing the icons for functional items and (3) constructing an
interactive user interface. For Stage 3, the procedure includes (1) experimental
planning of the proposed system interface, (2) performing the system interface expe-
riment and (3) analyzing the experimental results. Note that the approach for the
study (1) uses factor analysis [7] to obtain a clustering relation matrix of the function-
al items based on the usability scenario when using an in-vehicle navigation system,
(2) conducts a hierarchical clustering analysis (HCA) [8] to categorize the functional
items of an in-vehicle navigation system based on the clustering relation matrix, (3)
applies a fuzzy analytic hierarchy process (FAHP) [9-10] to determine the optimum
combination of functional items for the system interface design, (4) constructs a com-
puter-aided system interface based on the identified functional items, layer arrange-
ment and graphic icons and (5) uses a general human-machine interface measurement
criteria to evaluate the usability of the developed system interface.

3 Identification and Clustering Analysis of Functional Items

The TVNS guides the user to the desired destination and prearranges routes for up-
coming trips. Different manufacturers will have different support techniques that
make functional items of IVNSs differ significantly. Note that different users (male
or female) will also have different requirements for the functional items of an IVNS.
Current interface operation of an IVNS includes external type and built-in type, and
types of manual operation include push button plus touch-panel type and full touch-
panel type. Most functional icons of a system interface of an IVNS appear in colors
with a text explanation beneath the icons. The existing IVNS products have the
following design factors: screen size, display aspect ratio, interface background,
main-interface, sub-interface, main-interface icon size, information of main-interface
icons, number of icons in the sub-interface, number of interface layers, display switch
mode, icon frames and font, which are shown in Table 1. Based on the identified
design factors for the interface design of IVNSs illustrated in Table 1, it is expected
that this type of study would require customer opinions and preferences during the
development process to ensure that the proposed model can satisfy a wide range of
customer requirements. As such, identifying functional items will be the first step of
this study followed by classifying the identified functional items to determine the
number of interface layers.
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Table 1. Interface design factors for [IVNSs

Spec 1 Spec 2 Spec 3 Spec 4 Spec 5
Screen size 3.5 inch 4.3 inch 4.7 inch 5.2 inch 7 inch
Dls.play aspect 4:3 16:9
ratio
Interface
background 1 type 2 types 3 more types
upside: select area upside: power Opigldas prwer
G . : : center: select area
Main interface single frame downside: search downside: select ¥
downside: search
buttons area
buttons
upside: select area upside: power upside: power
i i : . center: select area
Sub-interface single frame downside: search downside: select i
downside: search
buttons area
buttons
Main-interface . ’ .
z < same size different sizes
icon size
Information of
main-interface image image and text animation
icons
Number of icons in
i 6 8
sub-interface
!\lumber of ) 3 4
interface layers
Display switch _— click icon and click icon and
click icon i .
mode switch the screen  confirm
Icon frame without with borders
borders
Font LR TR Arial Arial bold
roman

3.1 Identification of Functional Items

Because the currently marketed IVNS products have a variety of operating systems,
display types, number of functional items, representation icons and interface layers,
this study begins with a market survey that includes all the functional items and the
design of a functional requirement questionnaire to help identify user requirements for
functional IVNS items. The collection of functional items includes products from
five brands: Garmin, Mio, Panasonic, TomTom and HOLUX. A total of 61
functional items, which includes 39 common functions and 22 special functions, was
collected. These functions were then incorporated in a user experience questionnaire
and forwarded to experienced users for evaluation. The questionnaire included (1)
basic information of the test subjects (2) IVNS use experience and (3) a scale of 5
points (1, 2, 3, 4 and 5 points) to evaluate the functional items. Table 2 illustrates
the collected 61 functional items and the identified 44 functional items based on 32
effective questionnaire results. Note that in Table 2, the number without “*” refers
to the identified functional items and will be used in the classification and interface
layer analysis.
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Table 2. List of collected and identified functional items
Common functions Special functions
Title Description Title Description
1 Road Search a road 40 Picture Search by coordinates of a
picture
2 Intersection Search an intersection 41 Color Set colors of the map
3 Address Search an address 42  Simulate Route simulation
4 Parking lot Parking lot nearby 43 Museum Search a museum nearby
5 Highway ramp Search a highway ramp nearby 44* Pre-crash An automobile safety system
system
6 Gas station Search a gas station nearby 45 Plan a route Plan a route next days
7 Detour Made a detour 46* Brightness Day or night brightness
8 Organization Search an organization 47* Auto Parking An auto parking system
9 Attraction Search an attraction 48* Phone Connect to your phone
10 Volume Adjust the volume 49* Current location Show your current location
11 Restaurant Search a restaurant 50* Voice Introduce an attraction
12* Home Navigate to my home 51* Voice setting Set the voice function
13 Hypermarket Search a hypermarket nearby 52* Voice command Controlled by means of voice
14 My routes Saving a route 53 119 Call 119
15 Public transport Search a public transport nearby  54* Game Play a game
16 Roadside Roadside assistance information 55% Plug-in A plug-in software
assistance
17 Language Language setting 56* Calculator A calculator
18 Screen Calibration Calibrate the position of screen 57* E-book Read an e-book
19 Planning a route Planning a route 58* Layout Set the layout of frames
20 Hospital Search a hospital nearby 59* Following Follow the car
21 Map view Change the map view 60* Diary Keep a diary
22 Types of route Set the route type 61* Poetry Play the poetry
23 Bank Search a bank nearby
24 Help Help you get going with your
device
25 Entertainment Search a public entertainment
26 Brightness Adjust the screen brightness
27 History Search Records
28 Reset Perform a full reset
29 Phone number Search by phone number
30 Quick search Set a quick search icon
31 Time/Date Set the time/date format
32 Accommodation Search for accommodations
nearby
33 Bluetooth Connect to Bluetooth devices
34 Coordinate Planning a route using coordinates
35 Radio Listen to the radio
36 Movie Play video
37 Photo Photo browsing
38 Music Play music
39 Save mode Go to save mode
3.2 Clustering Analysis of the Functional Items

To classify the identified 44 functional items, a usability scenario questionnaire was

designed and distributed to the testers.

The usability scenario questionnaire used

AIO- (activities, interests and opinions) [11] type questions to perform a factor
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analysis and analyze how the operation performance is affected by the key factors that
transmit information during the process of human-computer interaction when using an
IVNS. The research designed 25 AIO-type questions, which included 10 types of
activities, 7 types of interests and 8 types of opinions. There were 106 effective
questionnaire results. These results were forwarded to the statistical software SPSS
for a factor analysis. This study defined 9 usability scenarios: (1) GPS system setup,
(2) use of GPS while travelling, (3) travelling from one place to another place, (4)
daily use of the GPS on duty, (5) change in the destination while driving, (6) use of
GPS for none-GPS activities, (7) use of GPS before driving, (8) personal preference
with the GPS setup and (9) use of GPS for an emergency. A relational evaluation
between the identified functional items and the usability scenarios was then conducted
with an interaction matrix. Points 0 and 1 were used to assess the relationships
between the functional items and usability scenarios. These points correspond to no
relation and with relation, respectively. 10 GPS-experienced subjects were asked to
judge the items. The evaluation results were then used with Ward’s method [7] in
the SPSS software to generate a hierarchical structure for clustering groups. Table 3
illustrates one of the hierarchical clusters of the system interfaces. In Table 3, the
main interface has 6 functional items; the sub-interface has a maximum of 10
functional items in the first layer.

Table 3. Example showing an alternative cluster of an IVNS system interface

.. Sub-interface menu . Sub-interface menu
Main interface menu Main interface menu
Layer 1 Layer 2 Layer 1 Layer 2
Cluster 1 Category  Attraction Gas station |Cluster 4 Amusement  Movie
Search Accommodation Public Photo
transport
Entertainment My routes Radio
Restaurant Music
Hypermarket Cluster 5 Planning a Simulate
Picture route Plan a route
Organization Planning a route
Museum Detour
Bank Cluster 6 Setup Help Quick setup
Parking lot Reset Volume
Cluster 2 Quick Intersection Save mode
Search Address Time/Date
Road Screen
Calibration
Map view Brightness
Phone number Color
Highway ramp Types of route
History Bluetooth
Coordinate Language
Cluster 3 Emergency Roadside
assistance
119
Hospital
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4 Construction of an IVNS Interface System

In constructing an IVNS interface system, there are two essential parts: (1) the
functional menu framework evaluation and (2) functional icon design. The
evaluation of the menu framework system is based on all the currently marketed
IVNS interfaces and the result of the functional item clusters of the main interface and
sub-interface. Determining the system interfaces is helpful in developing an IVNS
interface system that will meet customer requirements. The framework
specifications of the functional menu are considered as important parameters and will
be evaluated with the FAHP approach. With regards to the functional icon design,
this research uses a market survey, product catalogue collection and a questionnaire to
identify higher cognition icons for design reference.

4.1 Determination of the Interface for the Functional Menu Framework

According to all the currently marketed IVNS interfaces, the functional menu
framework consists of a main interface and a sub-interface. There are three types of
main interfaces and three types of sub-interfaces based on the number of functional
items in an individual display. Table 4 shows the parameters and levels of the
functional menu framework. To select the most suitable system interface of the
functional menu framework, the FAHP approach was applied in the evaluation
process [9-10]. The evaluation criteria are based on human-machine interface
measurement standards proposed by the International Standard Organization (ISO).
Five measurement standards, which include fascination, tolerance, performance,
efficiency, and ease of operation, were used. The five measurement standards were
evaluated with fuzzy linguistic scales. The numbers, 1, 3, 5, 7 and 9, denote the
least, less, medium, extremely and most important, respectively.

Table 4. Parameters and levels of the functional menu framework

Parameter Level
Top: selection area Top: power area  Top: power area
Main interface Single frame  Bottom: browse Bottom: selection Center: selection area
area area Bottom: browse area
Top: selection area Top: power area  Top: power area
Sub-interface Single frame Bottom: browse Bottom: selection Center: selection area
area area Bottom: browse area

Maximum Main

number of  interface i 2 o
functional
functiona Sub-interface 6 8 10
items
Font Times Hew Arial Arial bold
Roman

The parameters and levels incorporated with the five measurement standards form
a matrix with parameters and levels assigned in rows and five measurement standards
assigned in columns. A questionnaire was also designed and distributed to test
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subjects via the internet. 30 test subjects evaluated each parameter level based on
the five measurement standards on a fuzzy linguistic scale. The collected data were
then pooled by the geometric average method. An alternative recommendation from
the candidate system interfaces of the functional menu framework was selected to
improve the system interface design. The characteristics of the recommended
parameter levels are the following: main interface with power area at the top and
selection area at the bottom, sub-interface with power area at the top, selection area at
the center and browse area at the bottom, 6 functional items in the main interface, 10
functional items in the sub-interface and font with bold.

4.2  Icon Design for Functional Items

In designing icons for functional items, this study first collected graphic icons from
the currently marketed functional items and identified semantic image nouns so the
questionnaire could be distributed to determine a suitable connection between user
requirements and functional icons. A total of 50 graphic icons, which included the
main interface and sub-interface, was collected and redrawn [12]. The functional
icons were designed using the computer software Adobe Flash CS3. The candidate
icons for the functional items were designed as a questionnaire and distributed to the
test subjects. The results indicated that users tended to accept daily or customary
image graphics as icons. It appears that icon graphics with embodied characteristics
are more recognized by users. Additionally, a simplified icon graphic will also
provide a higher recognition. These suggestions lead directly to helping identify five
icon graphics design criteria:

1. Limit the size of an IVNS icon to 48x48 pixels with an area greater than 64 mm”.

2. Use a single color as a background to obtain better tapping effect.

3. Simplify the graphic image, color and shape to make it easy for the users to
understand.

4. Unify the style of icons to be a family image.

5. Allocate supplementary texts of functional items under the icons to enhance
recognition.

Based on the aforementioned graphics design criteria for icons, the research
developed 50 graphic icons for the corresponding functional items. Table 5 shows
the partial icons designed for specific functional items. An integrated system
interface design criteria, which includes the functional menu framework, layers of
functional items and functional icons, was then determined.

4.3  Construction of an Interactive User Interface

An IVNS was developed based on the high-demand functional items and clustering
rules, the design factors of the interface and the features of the functional icons.
Constructing a system interface includes the following: (1) determination of the
system panel, (2) arrangement of the functional menu framework, (3) retrieval and
editorial process of the functional icon graphics and (4) development of an interactive
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Table 5. Partial icon designs for specific functions

Item Category Search  Entertainment Gas station Search Restaurant  Public transport
o B i
fou % B 2N A
-y
Icon S
Category Gas anich Restaurant PT
Item Roadside assistance Hypermarket My routes Amusement Picture Intersection
lon ey ! : ovo E 7%
ERA HYM My routes Amusement Picture Intersection
Item Planning a route Organization Address System settings Museum Road
- - '
i o {
Icon 3 LA L B K H J
Route Org Settings Museum Road
Item Attraction Bank Map view

&3
e —

$
Bank Map view

®
Icon _m__
Attraction

connection of the interface. To construct the system interface for this study, an HP
iPAQ 212 Enterprise hand held display was used, as shown in Figure 1. The
framework of the system interface, which includes 6 functional categories and 44
functional items, is illustrated in Figure 2. An interactive interface of the operational
framework from this study is shown in Figure 3.

Fig. 1. Simulation of the IVNS system interface
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(a) Representation of the main interface (b) Representation of the partial sub-interface

Fig. 2. Representation of the proposed IVNS system interface
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screen
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Fig. 3. Hierarchical framework of the interactive interface

5 System Interface Experiment

To evaluate the merits and faults of the developed IVNS, an experimental procedure
was established for the system interface usability evaluation. The procedure
included (1) experimental planning of the proposed system interface, (2) the system
interface experiment and (3) analysis of the system interface experiment. In
conducting the experiment, a comparison of two groups was conducted, with one
group using the developed in-vehicle navigation system and the other group using the
Garmin Nuvi 1370T. 10 types of tasks were designed for the experiment, and 20 test
subjects who have design backgrounds were selected. Note that 13 of the test
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subjects had experience using a GPS, whereas 7 test subjects did not have experience.
The 10 types of tasks were (1) search for a gas station, (2) search for a roadside
assistance, (3) adjust the screen brightness, (4) search for an address, (5) search for a
culture center, (6) search for a crossroad, (7) search for a shopping center, (8) run the
photo viewer, (9) search for a hospital and (10) search for an interchange. During
the experiment, the completion time (in seconds), number of times the user went back
and forth between the layers, and number of mission errors were recorded and
analyzed.

After the experiment, the 20 test subjects were asked to fill out a questionnaire re-
garding the user interface evaluation criteria. The research defined 9 interface crite-
ria for the evaluation, which are the following: (1) appropriate layout, (2) appropriate
color, (3) easy to click, (4) easy to understand functional icons, (5) easy to understand
texts, (6) avoid inappropriate touch, (7) easy to find functional items, (8) easy to learn
the interface and (9) overall satisfaction. The evaluation is based on a 1-5 scale
judgment with 1, 2, 3, 4 and 5 representing extremely low, low, medium, high and
extremely high satisfaction, respectively. The results showed that the developed
IVNS had a higher satisfaction than that of the comparison system. However, the
developed in-vehicle navigation system still has several individual tasks that require
further improvement.

6 Conclusions

IVNS products have become extremely popular, and many intelligent mobiles are
even equipped with a built-in IVNS. The number of functional items in current
IVNSs has increased gradually. Their differences have also become more apparent,
which makes it difficult for the user to choose. Therefore, the designer is
responsible for developing a friendly IVNS to meet user requirements. The research
proposed a procedure to construct an IVNS interface that integrated several
approaches, such as a usability scenario model, AIO scale, factor analysis,
hierarchical clustering analysis, fuzzy analytic hierarchy process and graphics design.
The hierarchical cluster analysis was used in the first stage to classify the hierarchical
configuration of the functional items. Note that the fuzzy analytic hierarchy process
was also used to evaluate the design factors of the framework configuration. In the
second stage, the specifications of the system menu framework were determined
using a fuzzy judgment matrix, and a design process of the functional icons was used.
A system simulation for the experimental evaluation was also conducted in the third
stage for further improvement. It was expected that through this research, the
following results would be obtained: (1) a convenient connection between the
graphical user interface in an IVNS and user cognition, (2) a friendly interface
structure of the menu and digital content to enhance the operation performance, and
(3) an appropriate mode of electronic information display on the vehicle windshield.
In addition, this research provides reference information and a research process for
designers to help establish users’ awareness on the graphical user interface and the
information transmission mode of an IVNS to make human-computer interaction
more humanized and intelligent.
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