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Abstract. The developing strategy of ND is also presented to initiate the prod-
uct roadmap. Criteria for evaluation are constructed via reviewing papers, inter-
viewing experts and brain-storming. The ISM (interpretive structural modeling) 
method was used to construct the relationship between each criterion. The exist-
ing NDs were sampled to benchmark the gap between the consumer’s as-
pired/desired utilities with respect to the utilities of existing/developing NDs. 
The VIKOR method was applied to rank the sampled NDs. This paper will pro-
pose the key driving criteria of purchasing new ND and compare the consumer 
behavior of various characters. Those conclusions can be served as a reference 
for ND producers for improving existing functions or planning further utilities 
in the next e-era ND generation. 
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1   Introduction 

Portable navigation devices (PND), personal digital assistants (PDA) and smart 
phones. embedded navigation devices [1] is proposed to be equipped in high class 
cars as a luxury good by automobile producers. END is a highly system-integrated 
device and controls the air conditioner, vehicle body, telematics, vehicle safety, com-
munication and entertainment utilities. It is mainly promoted as a value-added device 
by automobile producers and, therefore, its price is higher than other devices. PND is 
equipped with a car cradle attached to the windscreen or placed upon the instrument 
board. Navigation is the main utility of a PND, and, however, entertainment utility is 
also integrated inside in recent years. PND can be easily demounted and installed into 
different cars. Therefore, consumers can apply it to unequipped cars, such as the 
automobile. PND is positioned into the consumer market and is developed by GPS, or 
telematics enterprises.  

The remainder of this paper is organized as follows. In section 2, demand model 
for ND based on consumers’ requirements/needs. In section 3, building a novel 
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evaluation model for the best ND; In section 4, A novel evaluation model for the ve-
hicle navigation device market using hybrid MCDM techniques. Finally, in section 5, 
the conclusions and further planning strategies for the next e-Era generation ND are 
presented. 

2   Demand Model for ND Based on Consumers’ 
Requirements/Needs 

In the ND industry, system service providers and electronic providers co-play the role 
of system integration and provide various vehicle-related navigation services and ap-
plications. Four commercial ND products in Taiwan are used to discuss as-
pired/desired functions/utilities of the ideal ND. This research organizes services and 
utilities into four dimensions: (1) Navigation and mobile information services, (2) In-
formation system services, (3) Fee Rate & Payment Methods, and (4) Product Image 
and Customer relationships. (1) Navigation and mobile information services: With the 
rapid growth of road networks and total numbers of cars on the road in Taiwan, traffic 
problems seem inevitable. With the advanced development of information and com-
munications technologies, people do not need to find roads via traditional maps, 
rather they just enter their desired destination into a navigation system, and the loca-
tion services of the ND will map the routes with vocal instructions to help people 
reach the desired location. But, in addition to directions to the destination, consumers 
are concerned about real-time traffic situations for route planning, in order to avoid 
areas of congested traffic [2]. In this paper, four commercial ND products are ana-
lyzed and benchmarked to discuss the required utilities/functions and services of the 
next e-era generation ND. The dimension of navigation & mobile information servi-
ces (NM) contains four criteria: voice-guided navigation services (NM1), traffic in-
formation (NM2), electronic map information (NM3) and mobile information services 
(NM4) to determine the required utilities/functions for the next e-era generation VTS 
regarding Navigation and Location Services. The traditional automobile multimedia 
entertainment was a closed system; people could choose their favorite form of multi-
media storage and its corresponding hardware players, such as cassette tapes, compact 
discs, DVDs, and MP3s. With the advances in the development of technologies, the 
integrated player supporting different audio-video formats has been created. It eases 
the inconvenience of converting different systems, but it cannot satisfy the needs of 
fashion, real-time, and preferences between people. With the advances in technolo-
gies, consumers can search and download videos, music, and other multimedia infor-
mation in real-time via the ND[3]. (2) Information & system services (IS): The core of 
VTS is communications and information services. The transmission, reception, and 
communication of information are needed for the operation of various communica-
tions and information technologies, particularly wireless technologies. Accordingly, 
automobile users can obtain various information of real-time and precise when they 
have different needs on moving, such as personal e-commerce [3, 4]. In this paper, 
four commercial ND products will be analyzed and benchmarked to discuss the  
required utilities/functions and services for the next e-era generation ND. The dimen-
sion of information system services contains four criteria: user interface (IS1), plat-
form integration services (IS2), information security protection (IS3), and information 
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update frequency (IS4), to determine the required utilities/functions of the next e-era 
generation ND regarding and Information system services. (3) Fee Rate & Payment 
Method: In this paper, four commercial ND products will be analyzed and bench-
marked to discuss the required utilities/functions and services for the next e-era gen-
eration ND. The dimension of fee rate & payment method (FP) contains four criteria: 
service fee rate (FP1), pricing (FP2), payment method (FP3), and payment channel 
(FP4), to determine the required utilities/functions of the next e-era generation ND re-
garding the fee rate & payment method. (4) Product Image and Customer Relation-
ship: The dimension of Product image (PI) contains four criteria that will be analyzed 
in this paper: product design (PI1), brand image (PI2), after-sales services (PI3), and 
privacy policy (P4I) to determine the required utilities/functions of the next e-era gen-
eration ND regarding product image and customer relationships. 

3   Building a Novel Evaluation Model for the Best ND 

In this section, the general concept of the evaluation model is proposed for the pur-
pose of building the best ND model using MCDM techniques for evaluating and  
improving the existing ND products. The study is divided into three subsections. In 
subsection 3.1, survey for VTS functions and consumer preference, and building the 
ISM model in section 3.2.  In section 3.3, the analytical network procedure (ANP) 
model, and The VIKOR model in the 3.4 section. 

3.1   Survey for VTS Functions and Consumer Preference 

Therefore, a suitable value created system should integrate the price and the value of 
the product by mass customization for a good fit in a custom-made and low cost 
product in mass production to satisfy the customers’ needs. Our research provides an 
innovation strategy map to show the innovation strategy of enterprises. Figure 1 
shows the decision problem of the purchase behavior and research idea map. Al-
though the cost-effective method can help the purchaser to make a decision, a pur-
chaser cannot measure the effective items. A purchaser often only uses the concept of 
satisfaction degree, as the research can show with a two axis decision map. The cross 
axis (X-axis) is valued by satisfaction degree and the value is organized by three as-
pects. Therefore, value satisfaction degree can be increased by the improvement of 
functions and services. The vertical axis (Y-axis) represents the price satisfaction de-
gree, and the value is organized by the product price. Price satisfaction degree can be 
increased by the reduction of the function and service fee rate.  

Manufacturers can use four innovation strategies: (1) fix the value satisfaction de-
gree and increase the price satisfaction degree (Low price strategy, 1S ), (2) fix the 

price satisfaction degree and increase the value satisfaction degree (High value strat-
egy, 2S ), (3) create the diverse products in the same satisfaction level (Strategy of di-

verse product portfolios, 3S ), and (4) increase the value satisfaction degree and price 

satisfaction degree by mass customization (Mass customization strategy, 4S ). From 

point A of Figure 1, the low price strategy ( 1S ) is to fix the value satisfaction degree 

and to increase the price satisfaction degree. This moves the direction of the product 
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point  from A to B. Low price strategy is reached by the mass manufacture and scale 
economy. From point B of Figure 1, we can see the high value strategy ( 2S ) is to fix 

the price satisfaction degree and increase the value satisfaction degree. If this hap-
pens, the direction of the product point moves from B to C. The low price strategy is 
reached by reducing the surplus function and increasing the insufficient function. 
From point C of Figure 1, we can see the strategy of diverse product portfolios ( 3S ) is 

to create diverse products in the same satisfaction level, and move the direction of the 
product point from C to D. The strategy of diverse product portfolios is reached by 
increasing the opportunity of product choice. From point D of Figure 1, we can see 
that the mass customization strategy ( 4S ) is to increase the value satisfaction degree 

by mass customization. When this is conducted, the direction of the product point 
moves from D to E. The mass customization strategy is most difficult, because it inte-
grates the customization product and mass manufacture at the same time. 

 
Fig. 1. The explanation of the research concept 

3.2   Building the ISM Model 

ISM (Interpretive structural modeling) was proposed by Warfield as a computer assis-
tant methodology [5, 6]. It was used to derive and understand the interrelationship 
among the complex elements and a set of different and directly related elements can 
be structured into a comprehensive systemic model [7]. The first step of the ISM was 
to identify the variables relevant to the problem or issue. It extends with a group of 
problem-solving techniques. A structural self-interaction matrix (SSIM) was devel-
oped based on the pair-wise comparison of variables. The SSIM was formed by ask-
ing questions such as “will element ei affect element ej?” If the answer was yes, then 
πij=1. If the answer was no, then πij=0. SSIM can be described as below:  
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where: ei means the ith element. The πij means the interrelationship between the ith 
and jth elements. D is an SSIM. After we established the SSIM, we can convert it into 
a reach ability matrix and its transitivity is checked, such as formula (2) and (3) [8]: 

                           = +M D I                                                          (2) 

                          * 1 1k k k+= = >　M M M                                      (3) 

where I is the unit matrix, k denotes the powers, and M* is the reachability matrix. 
Note that the reach ability matrix is under the operators of the Boolean multiplication 
and addition (i.e. 1 · 1 = 1, 1 + 1 = 1, 1·0=0, 1+0=0+1=1, 1·0=0·1=0).  

3.3   The Analytical Network Procedure (ANP) Model 

The ANP method is expressed by a unidirectional hierarchical relationship among de-
cision levels [9-11]. The top element of the hierarchy is the overall goal for the deci-
sion model. The hierarchy decomposes to a more specific criterion, until a level of 
manageable decision criteria is met [12]. Under each criterion, sub-criteria elements 
relative to the criterion can be constructed. The ANP separates complex decision 
problems into elements within a simplified hierarchical system. The steps of the ANP 
method are described as follows: (1) clarifies the questions and constructs the frame-
work, (2) designs the questionnaires and the survey, (3) determines the relative impor-
tance of factors by pair-wise comparison to calculate factor weights by dependence 
and feedback, and checks the consistency of logical judgment, (4) calculates the super 
matrix, and (5) determines the factor weights [13, 14].   

3.4   The VIKOR Model 

After establishing the evaluation model, including criteria and given weights in each 
criterion, the next step is to evaluate the performance of benchmarked alternatives. 
The more utilities/functions of the ND, the more expensive the ND is. Thus, among 
the evaluation model of ND, the functional criteria are mutually conflicted with the 
cost criteria. The VIKOR method is used to evaluate and rank the performance of 
benchmarked alternatives. The VIKOR method is a MCDM method, and applies to 
solve a discrete decision problem with non-commensurable and conflicting criteria 
[15-21]. This method focuses on ranking and selecting from a set of alternatives, and 
determines compromise solutions for a problem with conflicting criteria, which can 
help the decision makers to reach a final decision. Here, the compromise solution is a 
feasible solution closest to the ideal one, and a compromise means an agreement es-
tablished by mutual concessions. Thus, the VIKOR method would be applied to rank 
and evaluate the performance of proposed GPS alternatives. The basic concept of 
VIKOR is to identify the positive-ideal solution and the negative-ideal solution. The 
positive solution is the best solution that satisfies the most required criteria, and the 
opposite is the negative-ideal solution. The VIKOR method could rank and determine 
the difference of negative and positive ideal solutions between services/utilities of the 
existing NDs. When calculating the distance between the ideal solution and the pro-
posed NDs, the score of every criterion should be summarized. The gap between the 
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consumers’ most satisfied one and most unsatisfied one is also analyzed, with respect 
to services/utilities of the existing NDs. The VIKOR method was started with the 
form of the pL metric− , which was used as an aggregating function in a compromise 

programming method and it developed the multi-criteria measure for compromise 
ranking [22, 23]. VIKOR provided a maximum group utility of the “majority” and a 
minimum individual regret of the “opponent”. The compromise solutions could be the 
base for negotiation, involving the decision makers’ preferences by criteria weights. 
where: *

F is the ideal solution. *
1F  represents the ideal value of criterion 1. *

2F  repre-

sents the ideal value of criterion 2. The compromise solution, c
F , is a feasible 

solution that is “closest” to the ideal *
F . A compromise means an agreement es-

tablished by mutual concessions. The VIKOR method is presented with the following 
steps 

Determine the best *
jf  and the worst jf −  values.  

                  ( ) ( ){ }*

1 2= max | , min |
j ij ij

ii

i I i If f f∈ ∈  j∀                                       (4) 

                     ( ) ( ){ }-

1 2= min | , max |
i ij ij

j j

i I i If f f i∈ ∈ ∀                                        (5) 

Where j is the number of feasible alternatives; i is the criterion; 
ij

f  is the value of the 

ith criterion function; I1 is the cluster of utility-oriented criteria; I2 is the cluster of 

cost-oriented criteria; *
jf  is the positive-ideal solution (or setting the aspired level); 

and jf −  is the positive-ideal solution (or setting the worst level). Compute the values 

iS  and iQ , 1, 2,...,i m= . The functions are:  

                      
1

,
in

i
i j ij

j

S w r
=

=∑  1,2,...,i m=                                                     (6) 

           max{ | 1,2,..., },i
i j ij

j
Q w r j n= =  1, 2,...,i m=                                      (7) 

Where: jw  are the weights of the criteria, expressing the relative importance value of 

the criteria gained via the application of the ANP method, based on NRM. Compute 
the values: jQ ,  j = 1,2,. . . ,J, by the relationship:  

( ) ( ) ( ) ( )* * * *
= / (1 ) /j j jQ v S S S S v R R R R− −− − + − − −  i∀                            (8) 

where *
= =;j j

j j
S M in S S M a x S− , *

= =;j j
j j

R M in R R M a x R− v is introduced as 

the weight of the strategy of “the majority of criteria” (or “the maximum group util-
ity”), here, v =0.5.; i

i
Min S is with a maximum group utility (majority rule), i

i
Min R   

is with a minimum individual regret/gap of the “opponent” for first taking improve-
ment action. vjQ and pjQ are the compromise performance of alternative i. Rank the al-

ternatives: In this paper, vjQ and pjQ  (here, v =0.5) are applied to determine the value  
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satisfaction index(VSI) and price satisfaction index (PSI). vjQ and pjQ  could also con-

sider the index of the maximum group utility and the minimum individual regret of 
the “opponent”, where vjQ and pjQ  smaller are better and 0≦ vjQ or pjQ ≦1. However, 

this research prefers to use 1- iQ  for evaluation, which means 1- iQ  bigger is better. 

When the v value of value satisfaction is 0.5, then v= vjQ and VSI=1- vjQ . When the v 

value of price satisfaction is 0.5, then p= pjQ and PSI= 1 pjQ− . Therefore, VSI and PSI 

of different alternatives could be gained.  

4   A Novel Evaluation Model for the Vehicle Navigation Device 
Market Using Hybrid MCDM Techniques 

4.1   Empirical Study in ISM Techniques 

The real practice is illustrated by using the ISM method to obtain a reach ability ma-
trix.  This is demonstrated here.  The selected criteria of ND includes: (1) navigation 
and location services (N), (2) communications and information services (I), (3) fee 
rate and payment methods (F), and (4) product image. The original interrelationship 
data among all dimensions is listed in the I column of Table 1. Setting the threshold 
value=0.73, if the value of the element inside the matrix is more than 0.73, the value 
would be counted as 1. If the value of the element is lesser than 0.73, the value would 
be counted as 0. Then, the interrelationship matrix (D) could be created and matrix 
(M) could create using formula (1). The results are presented in the D and M column 
of Table 1.  

Table 1. The original interrelationship (I), interrelationship matrix (D) and (M) matrix 

I D M
NM IS FP PI NM IS FP PI NM IS FP PI

Navigation & mobile information 
services (NM) 

0.00 0.92 0.53 0.71 0.00 1.00 0.00 0.00 1.00 1.00 0.00 0.00

Information & system services (IS) 0.89 0.00 0.63 0.74 1.00 0.00 0.00 1.00 1.00 1.00 0.00 1.00
Fee rate & payment method (FP) 0.61 0.71 0.00 0.63 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00

Product image (PI) 0.74 0.71 0.50 0.00 1.00 0.00 0.00 0.00 1.00 0.00 0.00 1.00  

Table 2. Reach ability matrix (M*) of all the 
dimensions 

 

 
 

Fig. 2. Dimension interrelationship 
structure 
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Finally, the reach ability matrix can be obtained by using formula (2). The star (*) 
indicates the derivative relationship, which does not emerge in the original relation-
ship matrix. The correlation between every aspect is shown in Table 2 and Figure 2.  

4.2   Computing the Weights of Criteria - the ANP Method  

The weights could be gained by using the ANP method. In the process of limitation, 
the multiples of the super matrix M, for 16 squares, and the weights of the dimensions 
and the criteria could be obtained. The results are presented in Table 3. FP is the only 
price-oriented dimension.  The largest value of factor weights of the price-oriented 
criterion is FP1 (w=28.6%), the next is FP2 (w=26.2%), FP4 (w=23.8%), and FP3 
(w=21.4%). NM, IS, and PI are the value-oriented dimensions.  The largest value of 
factor weights of the value-oriented dimension is NM (w=43.9%), the next is IS 
(w=33.3%), and finally PI (w=22.8%). The largest value of weights of the value-
oriented criterion is NM3 (w=11.8%) and the lowest one is PI1 (w=3.9%). As a result 
of using ANP method, we determine that the key decision consideration factor that  
affects the consumer’s purchasing of VTS is the communication and information  
services.  

Table 3. Weight of dimensions and criteria 

Value-oriented 
dimensions 

Weight of  
dimension Criteria 

Weigh 
of criteria 

Price-
oriented 

dimensions 

Weight of 
dimension 

Criteria
Weight 
of criteria 

NM1 11.6% FP1 28.6% 
NM2 10.6% FP2 26.2%
NM3 11.8% FP3 21.4%

Navigation & 
mobile 

information 
services (NM) 

43.9% 

NM4 9.9% 

Fee rate & 
payment 
method 

(FP)

100% 

FP3 23.8%
IS1 9.0% 
IS2 7.2% 
IS3 7.7% 

Information & 
system services 

(IS)

33.3% 

IS4 9.5% 
PI1 3.9% 
PI2 5.3% 
PI3 6.9% 

Product image 
(PI)

22.8% 

PI4 6.7%  

4.3   The VIKOR Model  

The compromised solution is stable within a decision making process, which could be 
the strategy to achieve maximum group utility (when v > 0.5 is needed), “by consen-
sus”v = 0.5, or with veto”(v < 0.5). Here, v is the weight of the decision making 
strategy of maximum group utility. The v would be assumed to be 0.5 for considering 
a maximum group utility of the ”majority”, and a minimum individual regret of the 
“opponent”. j

j
Min S is with a maximum group utility (“majority" rule) and j

j
Min R  is 

with a minimum individual regret of the “opponent”. vjQ is the benefit of alternative j. 

As shown in Figure 3, the vjQ  of VSI would not change the vjQ of G Company nüvi 

200W ( jQ =0) under different v. However, the vjQ of M company Leap K1 would be 

reduced as v rises and the vjQ of T company MVC 8100 would be changed slightly. As 
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shown in Figure 3, the pjQ of the PSI would not change the pjQ of M company Leap K1 

( pjQ =0) under different v. However, the vjQ of T company MVC 8100 would be re-

duced as v rises and the pjQ of T company MVC 8100 would be changed slightly. 
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Fig. 3. vjQ and pjQ under different v 

Therefore, VSI and PSI of different alternatives could be gained. As shown in 
Table 4, under v=0.5, vjQ of V=0.726, VSI=0.274 of M company Leap K1, pjQ of P=0, 

and PSI=1 of M company Leap K1. As shown in Figure 4, the distribution of VSI and 
PSI are best represented as a two-dimensional-axis graph. The 45 degree slope line 
means equal utility, which, in turn, means that the sum of VSI and PSI is fixed (i.e. 
VSI=PSI). The total satisfaction degree is higher rightward and is lower leftward. 
Thus, the value of total satisfaction from high to low is M company Leap K1(0.274, 
1.000), G company nüvi 200W (1.000, 0.162), T company MVC 8100 (0.529, 0.521) 
and A company R700. The competition strategies could be proposed in the following 
four types: G company adopts the high value strategy of raising the VSI, M company 
adopts the low price strategy of raising the PSI, T company adopts the value-price 
balanced strategy, and A company is relatively weak at PSI and VSI. A company is 
suggested to consider a balanced strategy when they need to raise the PSI and VSI.  
The next logical step would be to adopt those strategies, such as what G company and 
M company does. 

Table 4. VSI and PSI under v=0.5 

 

 

 
Fig. 4. The strategy under the con-
sideration of VSI & PSI 
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5   Conclusions 

In this paper, we applied the concept of customer satisfaction into the development of 
products, built the evaluation model of products under the thorough consideration of 
both VSI and PSI, applied the model to position the product, and proposed the strat-
egy of product development. In the analysis of preferred alternatives, four commercial 
NDs are benchmarked.  Therefore, the competition strategies could be proposed as the 
following three types: G company adopts the high value strategy of raising the VSI, 
M company adopts the low price strategy of raising the PSI, and T company adopts 
the value-price balanced strategy. There are few commercial NDs benchmarked and 
discussed in this paper. We recommend in the future that different NDs be added to 
discuss the product development strategy of the same producer in different periods, 
and the consumers’ preferences of different characterizations.  
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