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1 INTRODUCTION 
 
In most of Japanese large cities, the increase of automobile traffic has always caused traffic 

congestion of the city center.  Simultaneously, the environmental problem due to 

automotive exhaust gas and the increase in traffic accident are also being generated.  

Therefore, the measures that restrain a travel demand of automobiles have been examined in 

order to reduce them.  It is to control automobile approaching to the city center district.  

Moreover, the introduction of the transit mall for the purpose of making the space for the 

pedestrian has been considered and discussed as well.      

However, such new measures are unacceptable for passengers easily, because they are 

drastic changes of the transportation system in city center. Therefore, it becomes 

indispensable that the understandings of citizen and community are obtained, when it 

intends to carry out the measure by which traveler’s behavior is changed in the city center.  

That is, it is important to introduce the idea of public involvement to the transportation 

scheme.  At the same time, we should discuss the appropriate method to grasp the needs of 

citizen for new measures[Belenky]. 

The purpose of this study is to propose the approach for clarifying the transportation 

measure that the citizen desires.  Namely, the method is considered to evaluate several 

alternative plans consisted of the multiple transportation measures.  Concretely, we intend to 
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introduce the Conjoint Analysis based on the fuzzy multiple regression analysis, as the 

alternatives include complex and vague notions.    

 

2 CONJOINT ANALYSIS WITH FUZZY MULTIPLE REGRESSION ANALYSIS 
 
 The conjoint analysis is one of the techniques by which several evaluation objects like 

commodities and alternative plans consisted of multifactor and the multilevel are analyzed.  

The conjoint analysis was created in 1960's in the field of the psychometrics and it is 

originally an analyzing tool of marketing research.  Today, it is applied to planning fields, 

environment economics, etc. In this study we evaluate the alternative plan as an object. The 

analysis is summarized as following procedure:   

(1) Evaluated Attributes: First of all, several factors are introduced to determine the value of 

plans.  In this case, the factors are regarded as attributes.  Each attribute is consisted of 

several levels. The alternatives evaluated in this study are combined of the multiple 

transportation measures to reduce traffic congestion.  Each attribute is selected in terms of 

utility value of inhabitants. The evaluated levels of each selected attribute are considered as 

various categories.   

(2) Comprise Profiles: Next, the card called a profile is prepared and used.  The profile is 

the lattice of the attributes composed of a series of measures.  Namely, This is considered as 

a specific plan consisted of each level of multiple attributes.  Each attribute value (partial 

utility value) is evaluated in terms of presenting this profile to the respondent, and asking 

the whole utility of each profile.   

The largest advantage of the conjoint analysis is estimating how the value changes, when it 

rearranged the value element of alternative plan, and when it added the new value element 

in it.  That is to say, it is not only to clarify in which part there is a problem on the whole 

plans when it measures the value by the decomposition of the whole goods at the element.  

In this study, the “goods” are regarded as alternative plans of transportation in the city 

center district.  Based on the approach, the preference measure of the citizen is examined by 

the conjoint analysis.  The profile presented to the examinee in the conjoint analysis 

expresses the reality as much as possible reality.  Then, the profile of alternative with 

OSPITE
118



picture and complementary explanation can be represented, because it is easy for examinee 

to understand the contents of it. 

(3) Analysis the Obtained Data: Equation (1) represents an estimate of the whole utility by 

obtained data [Okamoto].   

  
iˆ r = ˆ β 0 + ˆ u j ( k ji )

j = 1

p

∑    (i =1,2,m ,n)       (1) 

Here ˆ u j (k ji )  is an estimate of the partial utility of the level kji in the attribute j and in the 

profile i.  ˆ β 0 is an estimate of the parameterβi , and ˆ r i is an estimate of the evaluation ri for 

the profile, and n is a total number of the profiles, and p is a total number of the factors. 

    Usually equation (1) is estimated by multiple regression analysis based on the 

statistical method.  This case is different from the expected value model that is compounded 

from several factors.  It is a model that is built by given scores of whole utility and several 

attribute level on each profile. 

(4)Fuzzy regression analysis: We can generally estimate the multiple regression model in 

terms of statistical analysis, but in the case of subjective data, we often do not estimate it 

accurately because of vagueness.  Therefore, we introduce the fuzzy regression analysis due 

to possibility model.  The algorithm of building of possibility model is represented as the 

following equations. 

    Here, the interval linear model is formulated as equation (2) using the above-mentioned 

variables in equation (1)[Tanaka & Ishibuchi]. 

     
  

iˆ r = ˆ β 0 +   ˜ A j ˆ u j ( k ji )
j = 1

p

∑   (i =1,2,� ,n)       (2) 

iˆ r �  
ˆ β 0 +  ajuji

j =1

P

∑  + cj | uji |
j =1

P

∑      (i =1,2,� ,n)        (3) 

The equation (3) is solved by the following linear programming (LP) method. Where aj is a 

middle of fuzzy number and cj is a range of support of fuzzy number.  

ca,
min

  
c j | u ji |

i = 1

n

∑ = J(C)                                           

subject to  ir  ≥  
  

aiuji
j =1

n

∑  - 
  

ci | uji |
j =1

n

∑  

        ir  ≤  
  

aiuji
j =1

n

∑  + 
 

ci | uji |
j =1

n

∑  

            Cj ≥  0,   j=1,2,66h ,n         (4) 
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This is a large-scaled LP problem but it is to be solved by using PC easily. 

  

3 CONSTRUCTION OF ALTERNATIVES 
 
     The city center area in this study is almost within the square of north and south about 

1km, east and west 1.1km in Sapporo City.  Sapporo city is located in Northern island of 

Japan, Hokkaido.  It is the capital city in Hokkaido and has 1.8 million populations now.  

The Sapporo City Office proposes the future image of the transportation that emphasizes 

pedestrian and environment in the existing vision for the city center.   

In this study, the alternative plan of transportation in the city center area is made using two 

main approaches mainly, that is, the improvement of continuous walking space and the 

improvement of transit mall due to the tramcar extension on some main avenues in the city.   

The attributes selected for the discussion of the transportation plan in city center are the 

following 6 contents. 

(1)Traffic for Pedestrian: The extension of pedestrian space in the Park Avenue called as 

Ohdori is made with the factor in order to observe the synergistic effect with the extension 

of the tramcar line to the Station Avenue as shown in next variable.  Ohdori is the avenue 

through the west to the east, and the Station Avenue passes through the north to the south.  

(2)Extension of the Tramcar (Light Rail Transit): The affects on the automobile traffic are 

considered, and 2 levels of "the South 4 Jo from the Sapporo Station Square" and "the South 

4 Jo from the Ohdori Avenue" are introduced as extension of the tramcar.  Simultaneously, 

"improvement of the spaces for loading commodities in the short time " is supposed to be 

carried out in order to reduce the affect on vehicles for business and physical distribution. 

(3)Cyclic Traffic: In present time, bicycle travel in the city center area is difficult. Therefore, 

there is much dissatisfaction of bicycle drivers.  Then, the improvement of the cyclic 

exclusive area is made with the factor in order to obtain the evaluation on cyclic traffic as 

one of transfer measures in city center area.   

(4)Underground Space Improvement: Based on a lot of citizens who desire the improvement 

of pedestrian space in the underground of the Station Avenue (between Ohdori and South 4 

street), the underground pedestrian space is also established as a kind of the alternatives.  By 

improvement level (“underground opening" with "shopping mall (underground arcade) is 
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laid”) of underground space, the evaluation of the pedestrian measure in the aboveground 

can be different.   

(5)The regulation of the automobile traffic: The prohibition of all vehicle traffic is compared 

with present state (all vehicle traffic can be passed).  In addition, "the prohibition is released 

during the morning weekday" "only the business vehicle is not prohibited during the 

morning weekday" is added as an alternative for avoiding the obstacle to business and 

physical distribution.  And, the measure of "extension of the pedestrian space" is introduced 

in the Station Avenue with the automobile regulation.   
 

Table�Factor and level of the alternatives 

Measure Level Place 
Extension of 

pedestrian space 
None Ohdori Avenue    

Extension of 
tramcar line 

None 
 

Station Avenue Station Avenue   

Cyclic exclusive 
area improvement 

Existing Condition 
 

Improvement   Station & 
Ohdori 

Avenues 
Underground 

pedestrian space 
improvement 

Only underground 
path 

Underground 
shopping mall 

  Station 
Avenue 

Regulation of 
use of 

automobile  

Whole vehicles 
Navigable  

Whole vehicles 
navigable in the 

morning of weekday 

Commercial vehicles 
navigable in the 

morning of weekday 

Whole vehicles 
restriction  

All day 

Station 
Avenue 

Regulation of 
automobile 

crossing 

Existing Condition Whole vehicles 
Crossable in the 

morning of weekday  

Only  commercial 
vehicles crossable in the 

morning of weekday 

Prohibition of 
crossing 

Station & 
Ohdori 

Avenues 
 

(6) Regulation of automobile crossing: The prohibition of all vehicles crossing over the 

Station Avenue is compared with present state (all vehicle traffic can cross over).  In 

addition, as same as the case of automobile passing, "the prohibition is released during the 

morning weekday" "only the business vehicle is not prohibited during the morning 

weekday" is added as an alternative for avoiding the obstacle to business and physical 

distribution.   

These are summarized as presented in Table 1.  
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4 PREPARATION OF THE PROFILES  
 
The 16 kinds of profiles were prepared in order to apply the conjoint analysis due to the 

experimental programming.  It differently makes the holdout cards except the above-

mentioned profiles.  Namely, though the examinee is made to evaluate the holdout card, it is 

not using it as a profile for the calculation of the partial utility value.  This is also used in 

order to check the reliability of the estimate in comparison with the calculated value using 

estimated partial utility value and the evaluated value of the examinee.  
 
 

5 RESULTS OF SURVEY AND ANALYSIS  

5.1 Outline of Survey 

The questionnaire based on the survey was carried out on January 14�17, 2001.  The 

examinees were selected from two groups: One is a group of districts. Another is a group of 

profession. In the case of district class, some of the inhabitants in the areas along the North-

South subway line and in Fukuzumi district and East- Naebo district were selected.  In the 

case of profession class, some of the workers in Sapporo Municipal Office and some of 

commerce person who engage in the shopping district in city center section were selected.  

The survey was made in terms of visiting for distribution, and then collecting by mail.  The 

number of questionnaire recovered with distribution is shown in Table 2.  
 

Table 2 Numbers of distributed and recovered Questionnaire  

Number of distribution Number of recovery Ratio of recovery 
District along the subway line 600 317 52.8% 

Fukuzumi District 300 158 52.7% 
East-Naebo District 300 132 44.0% 

Total 1200 607  
 

 The investigation contents include sex, ages, occupations, and distance from home to city 

center as attributes of each examinee and score for gaining the evaluation of the profile.   

5.2 The Basic Characteristics of Examinees 

The examinees’ attributes in the each area were observed.  To begin with, in the case of the 

age, the share of examinees over 60-year-old generation in the subway side districts is as 
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much as 48%.  In Fukuzumi and East-Naebo, there was not difference in the extreme age so 

much.  In the districts along the North and South Subway Line and Fukuzumi major people 

used subway to go to the city center, while in the East-Naebo major people used the bus up 

to there. This is because of the difference of the easiness to access to the subway station. In 

all the 3 districts the next transport measure is automobile and its share in the district along 

to the subway is 39.3%, Fukuzumi has 58.3%, and the East Naebo is occupied by 55%.   

5.3 The Relative Importance of Each Attribute 

In comparison with the importance of each attribute, the relative importance of the attribute 

on the regulation of the automobile passage totally is high as shown in Table 3.   

 

Table 3 Importance of each attribute 

Attribute Districts along subway East-Naebo Fukuzumi 
Extension of pedestrian space (4.03, 0.44) (15.76, 1.89) (22.46,3.37) 
Extension of tramcar line (21.25,2.53) (15.94,2.06) (16.9,2.25) 
Cyclic exclusive area improvement (0.45,0) (11.77,1.44) (5.6,0.95) 
Underground space improvement (22.98,2.76) (0.35,0) (12.82,1.92) 
Regulation of use of automobile (19.62,2.45) (6.52,0.82) (18.61,5.55) 
Regulation of automobile crossing (31.06,6.24) (39.6,7.2) (18.61,4.21) 

Note: (first number, second number), first; center number, second; stretch number 

This is because it is significant to introduce the regulation measure of automobile. However, 

the importance of the same attribute is not so high in Fukuzumi district compared with the 

other similar suburb districts.  It can be because the dependence for the automobile in that 

district is lower than in the East Naebo.  

5.4 Utility of Each Attribute 

Table 4 is represented the partial utilities of the attributes in the target districts. The results 

are summarized as follows: 

1) The residents in every district evaluated the high utility exists in the measure on 

extension of pedestrian space and the measure of underground space improvement, but have 

opposition to the measure on regulation of automobile crossing.  

2) On the other hand, in the case of extension of tramcar line and cyclic exclusive area 

improvement, each district has a different opinion.  They have more complex opinions 

towards regulation of automobile use in the supposed transit mall. 
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3) In view of the characteristics of districts, the differences between the district with better 

public transportation and the district without it is remarkable.  

4) More complex opinions exist in the attribute utility, wider range of support the fuzzy 

number has.  This can be the outcome of uncertainty.  

Table 4 Partial utilities of transportation measures 
Attribute Districts along subway East-Naebo Fukuzumi 

Extension of pedestrian space    Level 1 
                            Level 2  

(-0.37, 0.04) 
(0.37,0.04) 

(-2.85,0.43) 
(2.85,0.43) 

(-4.06,0.61) 
(4.06,0.61) 

Extension of tramcar line        Level 1 
                            Level 2 
                            Level 3 

(1.72,0.21) 
(-0.05,0) 

(-1.68,0.20) 

(3.36,0.50) 
(-2.41,0.48) 
(-0.94,0.14) 

(-3.46,0.52) 
(1.07,0.11) 
(2.39,0.29) 

Cyclic exclusive area improvement  Level 1 
                              Level 2 

(0.04,0) 
(-0.04,0) 

(-2.13,0.26) 
(2.13,0.26) 

(0.97,0.08) 
(-0.97,0.08) 

Underground space improvement   Level 1 
                              Level 2 

(-1.84, 0.22) 
(1.84,0.22) 

(-0.06, 0) 
(0.06,0) 

(-2.22,0.33) 
(2.22,0.33) 

Regulation of use of automobile Level 1 
                              Level 2 
                              Level 3 
                              Level 4 

(-1.06,0.16) 
(0.11,0.01) 
(2.06,0.25) 
(-1.06,0.13) 

(4.07,0.60) 
(-1.70,0.17) 
(-1.93,0.23) 
(-0.45,0.02) 

(-3.14,0.94) 
(4.09,1.35) 
(-2.68,0.86) 
(1.13,0.14) 

Regulation of automobile crossing   Level 1 
                               Level 2 
                               Level 3 
                               Level 4 

(3.02,0.46) 
(0.86,0.10) 
(-1.93,0.15) 
(-1.93,0.15) 

(9.17,1.65) 
(-5.16,0.77) 
(-1.76,0.17) 
(-2.41,0.60) 

(3.63,0.55) 
(-2.81,0.98) 
(1.86,0.65) 
(-2.68,0.32) 

Note: (first number, second number), first; middle fuzzy number, second; a half of support of fuzzy number 
 
 

6 RESULTS AND FUTURE STUDY 
 
In this study some transport measures including transit mall were assessed by citizens and 

some interests.  Based on the surveyed data the difference and the tendency in terms of the 

districts or the interest groups are showed due to Conjoint Analysis.  

As the future study, the simulation of traffic flow will be examined and the possibility of 

travel demand management using the transit mall measure will be confirmed quantitatively.  

Moreover the alternative should be prepared with the agreement of inhabitants.  It is 

indispensable to assess the needs or agreements of inhabitants to the alternatives in order to 

compose the appropriate plan based on the understanding and the cooperation of them in the 

future.  In order to evaluate the utility for transportation improvement, it can be effective to 

use conjoint analysis with fuzzy regression approach. 
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