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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.  
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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. [5] 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 IVNS 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 

 

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 

 

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 
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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 

 

 
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 mm2. 
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 

 
 
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 

 

 

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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