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abstract : Although in recent years the government and other self-governing bodies grant

financial aid to the private sector for providing ST service, there is no method for judging the

performance of eadr provider in order to determine proper subsidies. The same is true when

a contractor is chosen. Also, there is no effective way to monitor the quality of service of
current providers. Upon this background, this paper discusscs , a) the current

implementations of door-to-door service in Japan, b) an evaluation of the quality of ST

service from the viewpoint of the users, c) analysis of the cost-effectiveness of ST service.

1. INTRODUCTION

Since the early 1970's, special transport service (STservice ) has been operated in Japan in

order to provide mobility for wheelchair users and other severely disabled persons. ST

service was expanded during a nation-wide campaign :rr,1977, and "The Year of Dsabled

Persons" in 1981 provide an opportunity to rapidly implement the service throughout the

country. With the expansion of ST service during the L980's, barriers were removed in the

public ransportation field providing increased mobility of the elderly and disablcd persons.

Since 1990, various types of ST service have been implemented to encourage independent

living of drastically increased number of elderly persons. Currently, in addition to further

expansion of ST service for mobility handicapped persons, improvement in the quality of

Ioumal of the Eastern Asia Society for Transportation Studies, Vol. 2, No. 5, Autumn, 1997



1358

servicc is nceded.
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The door-to-door service which is commonly known as "Handicab" in Japan has been

operated by 3 sectors (Figure L): private, non-commercial volunteer groups, the social

welfare conference, and self-govcrning bodies. Ia rccent years, private sectors have begun to

receive administative subsidies as a result of serious financial problems. And although some

self-governing bodies operate "Handicab" directly, most self-governing bodies entrust its

operation to taxi companies. Although the govemment and self-goveming bodies provide

financial aid to private sectors, there is no method for judging volunteer groups in order to

determine proper subsidies. The situation is same when a contractor is chosen to provide

service. There is also no effeoive means for monitoring the quality of service of current

providers. In order to evaluate the quality of ST service, it is useful to investigate data from

the viewpoint of users, such as: important factors regarding service, degree of satisfaction

with the service, and differences in the degree of satisfaction between diffcrent user groups.

There have been few research papers, though, evaluating of the quality of ST service in

Japan.

In this paper we will discuss: a) current implementations of door-to-door service in Japan, b)

an evaluation of the quality of ST service from the viewpoint of the users, c) an analysis of

the cost-effectiveness of ST service.

(opcrated by the Ministry of Health & Welfare,

the Ministry of Education, Public Facilities ard

so on.)

Figure L Classification of ST sewice in Japan

2. QUANTTTATIVE METHODOLOGY FOR EVALUATING THE QUALITY
OF ST SERVICE

2.1 PROCEDURE OF EVALUATION
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Whether or not a ST service satisfies the needs of mobility-handicapped persons is very

much a subjective call. For this reason, psychometric scaling techniques have been proposed

as a means for measuring a subject's feeling of satisfaction. To evaluate the quality of ST

service in the present study, we use, in part, a method of quantification of subjective aspects

of decisions as developed by Miller (1970). He provides a framework for incorporating

judgment into a decision process. The steps laid out in the present study are as follows:

@Set up a list of evaluation criteria that are complete, mutually exclusive, independent of

each other, and of major significance

@ Establish a hierarchical structure of successively more specific evaluation criteria

@ Determine weights indicating the relative importance of each criterion

@ Select physical performance measures and determine the level of satisfaction for each

lower-level criteria

@ Establish a scoring function

@Develop an index of quality of service

2.2 Establishing a List of Evaluation Criteria

In order to make these tasks specific to the development of quality of service indices, the first

step was to set up a list of evaluation criteria (aspecs) and more specific criteria (attributes)

of quality of service. This task was accomplished through a review of the literature

concerning quality of service and performan@ measures in conventional transit, and special

transport services. The resultant attributes were further refined through discussions with

experts in the special transportation field.

The next step was to establish a hierarchical structure. The attibutes were grouped under

eight general aspects which make up the quality of service. Each of the aspects and attributes

are shown in Figure 2.

2.3 Estimating Weights

The third step was to determine weights that reflect the importance of the individual attributes

to the relevant aspect and the importance of each aspect to the quality of service. A series of

questionnaire surveys were used to estimate the appropriate weights. A questionnaire was

sent to the users of door-to-door service ("Handicab") provided by private volunteer groups

(19 groups), the social welfare conference (15 groups), and self-governing bodies (10

groups) in the Tokyo metropolitan area. Weights were estimated for 3 operator groups and

for individual providen. Since the users of the ST service are elderly and disabled persons,
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the survey used semaDtic differential techniques rather than

order to reduce the complcxity of the questionnaire.

ranking or scaling techniques in

of deJay and carcellalion of service
Wailing time for pick-up at home

Waiting time for pick-up away Aom home

Accuracy of lime to get to 0re destination

Comfort of seats and tie-down place

Cleanliness of the vehicle

Comfort of riding
Equipment of air-conditioner

accomodalion for users to rcserve

Flexibility of changing reservation

Convenience of reservation desk's business hour

Quick response of reservation confirmation
'Availability of immediate service

Service available in the night time
Service available on weekend

No resrioion to go an)r,evhere

,Availability of serrrice for a trip with a stay
Reasonable firc system
Height of first step

hesence of a wheelchair lifi or ramp
Driver's assilance when getting on and alighting
'Low probability of falling

of position of wheelchair in the vehicle

Low probability of raffic accidert
ining some assurances for accidens
ility to handle emergencies

of general needs for users

and friendliness
with habits and nee& of individual user
in carrying packages

of lhe resewation staff on telephone

of gening clear information on service
to complaints and suggestions

Figure 2 Aspects and attributes of service of quality

2.4 Mcasuring thc Lcvcl of Satisfaction

The performance of a transportation system is ultimately measured in terms of the level of
satisfaction of iE clients. [n this research, in order to measure the performance of sewice, a

user questionnaire survey was conducted conotrrently with the survey for deterrring

weights. Semantic differential techniques were again used as a scaling method.

2.5 Establishing Scoring Functions

This step in thc dcvclopment of a methodology to measurc the quality of servict for
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mobility-handicapped penions concerns the development of scoring functions that relate the

measurc of an attribute to the lcvel of satisfaction for that attntute. Thc scoring functions

were designcd so that complete satisfaction equals one and complcte lack of satisfaction

equals zero. In evaluating ST service, weighted-scores for each attribute wcre combincd to

crcate an indcx ofquality ofservice score for thc provider. This index can be represented as

follows:

Qk= EXwj.wij.sijk
iJ

wherc:

Qk = Indcx of quality of scwicc for scrvicc provider k
Wj = Thc relativc importancc of aspcct j to quality of scrvice

WU = Thc rclative importancc of attributc i to aspcct j
Sijk = score for attibute i, undcr spcd j, for scrvicc provider k

Thc scoring functions were dcsigned so that thc X Wrj for cach aspcct j sum to ten, and

the I Wj also sum to ten. The quality scores are assigncd valucs from zero to onc. As a

,ou( iod"t of quality of service can ake on valucs from zcro to 100, where 100 represents

a level of perfect satisfaction for evcry attribute.

3. CASE STUDY

3.1 Survcy of Currcnt Implcmentations of "Handicabn

To validate thc methodology mentioncd abovc, it is nccessary to investigatc the current

imPlcmentations of door-to-door scrvice ("Handicab'). For this task, we conducted a scries

of suweys based on the 'Guidebook of providcrs of tlandicab in Tokyo", meetings with the

"Tokyo social wclfare confcrcuce", and thc "Tokyo Handicab confercncc". As a result of the

surycy, we found that thcre are thrce opcrator grcups which provide door-to-door scryice for
the eldcrly and disabled pcrsons with tift-cquipped vchides. Thc three opcrator groups are:

@ private, non-commercial volunteer groups, @ the social welfarc confcrence, @ the

welfare burcaus of self-governing bodics.

3.2 Summary of thc Qucstionnairc Survcy

3.2. 1 Survey procedurcs

A qucstionnaire survcy was conductcd to mcasurc the quality of ST scrviccs. Figurc 3
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shows the procedures used for the survey.

3.2.2 Survcy mcthod

A questionnaire was sent to the users of 44 (19 from private volunteer groups, 15 from

social welfare conferen@s, 10 from self-governing bodies ) with the consent of eactr servicc

provider. Handicab serviccs operated in Tokyo metropolitan area of the 117. A -ail-back
qucstionnairc was sent to 2100 people through each service provider in October, 1996, and

total of 969 usable questionnaires were returned(return nte:46Vo).

3.2.3 Survcy contcnts

The qucstionnaire contained questions regarding the personal attributes of the users, the

importance of the evaluation criteri4 and the level of user satisfaction with the servicc

(Figure 4). They are summarized as follows:

1) Personal atributes of the users

ln order to evaluatc the quality of scrvice by diffcrent user profiles, personal attributes were

asked such as sex, age, wheelchair -user or not, frequency ofservice use, etc.

2) Importancc of the cvaluation criteria

In this str,rdy, quality of servicc is measured along cight dimensions. Thcse arc reliability,

comfort, convcnicncc, extent of sewice, vehicle access, safety, driver characteristics, and

responsivcncss. Semantic differcntial techniques were used to determine the relative

importancc of thcsc aspects on a scalc ranging from "least" (1) to "most" (5). The importance

of thc individual atributcs to thc rclevant aspect was detcrmined by thc samc method.
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3) I-evel satisfaction with the service

To measure the level of satisfadion for individual attributes, semantic differential techniques

were also used as in the case of measuring weights. But in this case, the level of satisfaction

was measured on a scale ranging from "least" (1) to "most" (10) in order to obtain a more

detailed response from the users.

A:Weights for the Aspects not less relatively very

1 2 3 4

Figure 4 Examples of the questionnaire

3.3 Results of thc Evaluation of the Quality of Scrvice

3.3.1 Estimation of wcights for thc aspccts

The results of the estimated weights for the eight aspccts are presented in Figure 5. In
looking at the average weights for the all service providers, "Convenience of making

reservation" and " Safety" rated highest with 1.29, followed by "Reliability" (1.28),

"Vehicle access" (1.27), "Driver characteristics" and "Responsiveness to individual" (1.24).

At the other end, "Comfort" rated a very low 1.16. With slight differences, the same pattern

is seen ulmong all three opcrator groups.

3.3.2 Mcasurcmcnt of thc lcvcl of satisfaction and thc ovcrall quality of
scrvicc indcx

B: Weiehts for the Attributes

F"tt"bttt,y I
. Notification of delay and cancellation of service

. Waiting time for pick-up at home

. Waiting time for pick-up away from home

. Accuracy of time to gel to the destination

12345
t2345
t2345
12345

C: A level of Satisfaction

low
satisfaction

High

satisfaaion

.Notificationofdelayandcancellalionofservicel 2 3 4 5 6 7 8 I 10

. Waiting time for pick-up at home | 2 3 4 5 6 7 8 910

.Waitingtimeforpick-upawayfromhome I 2 3 4 5 6 7 8 I 10

.Accuracyoftimetogettothedestinalion L 2 3 4 5 6 7 8 I
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Responsivan6ss to
lndividuals

o.121

Comfort

16

Driver Charact.
R6sa.vellon

Conveniencs
0.1 280.r25

Safety
0.1 30

ol Sarvice
0.1 26

Vehicle Access
0.1 26

lt"rr"t""]l

Rosponsiv6n€ss lo
lndividuals

0.1 26

Driv€r Charact.
0.1 23

Bas6Nation

Convenienca
0.1 28

Safaly
0.1 30

of Seruice

0.'120
Vehiclo Accass

0.1 28

Social Wslf are Confsrencs

Responsivenoss to
lndividuals

0.r23
Comrort

0.117

Drivsr Charact.
ResaNation

Conv6ni6ncg
0.1 300.124

Safely
o.127

Extent ol Sarvice
0.r24

Vehicla Access
0.1 28

Fr-e"*.to g Bot-l

R6sponsivensss lo
lndividuals

0.124

Oriver Charact.
Res6ryation

Convenisnc6
0.129

Salety
0.1 29

Exlsnt of Sgruica

0.1 23

Vehicle Accsss
o-127

@
Figure 5 Estimated weights by diftbrent operator goups

The level of satisfacrion with the quality of service 'ilas measured by each of 33 attnbutes. In

order to simplify the results, these can be grouped by eight aspects and scaled from zero to

one. As for the results, "Reliability" scored highestwith 0.85, followed by "Vehicle access't

and "Safety" of 0.84. At the low end, "Extent of service" and "Convenience of making

reseryationtr had scores of only 0.63 and 0.7, respectively.

lnoking at the results in more detail, some attributes have particularly high scores, such as

"waiting time for pick-up at home" in "Reliability", " prasen@ of a wheelchair lift or ramp"

in "Vehicle access", and "low probability of taffic accidents" in "Safety". On the other hand,

some atfibutes have notably low scores, such as "seryice available in the night time" in

"Extent of service", and "availability of immediatc seryice" in "Convenience of making

reseryation".
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The average overall quality ofservicc indcx for the 44 scrvicc providers is77.5 points out of
100 (Table 1). The scores are disrrbuted from 65.1 to 92.7. Thc results by differcnt servicc

operator groups are:79.9 points for private voluntccr groups, 77.1 for social welfarc

confcrenccs, 75.7 f.or self-governing bodies. These results show that there is [ttle diffcrencc

in the service quality of three operator goups. Analysis of the distrbution of the indiccs

among the three opcrator groups revcals there are 8 providers with indiccs "more than 80",

9 with "71-80", and 2 with "less than 70" among the private volunteer groups. Among the

social welfare conferenccs, 13 providers out of 15 scored '71-80'. And among the

self-governing bodics, there are 3 providers with indices "more than 80", and 6 with ,less

than 7O"(Figurc 6).

€.w.C.: Sodd wdtar. Csaf,Gt
-Slll: ld.l ot ladllrctlo^ lo, lttrlbuta i . ur6, upGt i , lo. edba Fovtda, ,
{ l: lryal ol rtdthcllo. ol 3 op...lor g,ilp. tor rpGt I

Table 1 Overall quality of service and level of satisfaction by 3 operator groups

Aspdsas Haiohts

(wlt

Attribules w.iehE

(wtl)

Voluntoar s.w.c: !olr-G.8. fotal

Eik " :ti* 9jk

R.lbtillly .rid On-n6.
Pxlome!

r.28 2.42 0.7t 0.83 0.61 o.E5l

,rrillrc dma ror dck-uo at hona 2.15 0.65 0.87 0.E7

tallirc tlma ror oick.uo awav from lma 2.11 0.63 0.88 0.85

A@rad ol tim. to o.l to th€ d9ltinatlon 2.5 0.64 O.E€ 0.E6

Comtgrl t.r6 :o6fort o, sarl3 a^d da-ddn Dtrlc. 2.57 o.7 0.78 0.76 ,0.60)
JullnB ot tha whiclo 2.34 0.79 0.79 o_ 82

306lfft ot ridlng 2.52 0.7€ 0.7€ 0.76

2.51 0.85 o. E6 0.88

Co.rqimof
[r.ki^g n[.qtbn

r.29 :@oh ffimodtllon toa usc lo ratatue 2.13 o.7 0.73 0.66 '0.701

:l.riUlity ot drlnoim rcsflatioh r .96 0.77 0.70 o.7o

bnwd@ ol rclwation dck'r hJ!i^.s hour 1.94 0.7€ o.72 o.a7

2.0 i 0.78 0.63 0.E1

lvslatility gl im6!dl!ta sarucc r.95 0.6c 0.4€ 0.50

Ertani o, Snic. r.23 S.tuica adLu. in lh. niqht time r.97 0.6r o.3 8 0.49 .0.63)

ledico illalablo @ waekend 2.05 0.78 0.5.

!o raatriqtlon to go uywhra 2.05 0.55 0.0 7

lvlihballty ol sadb. tor a rip rith .ttry 1.62 0.6 € o..8 0.52

:lB@aua taro 3yrtam 2.12 0.7€ 0.71

Vohicle ,cass 1 .27 {.iohl oa ir!t st.9 3.1 6 0.75 o.7 7 0.76 :0.641

,rg.@ ot a f,,htatchli, lltt d ra6p 3 0.85 0.9c 0.89

3.39 O. E€ o.9c o.67

Sal.ty 1 .29 ,w orobability ol t lll.q 2.51 o. Er oa6 0.66 :0.6.)
Set.ly o, 6silion o, S.elchrir i6 rh. v.hicl. 2.52 0.81 0.8€ 0.88

-ow orobabiliN ol ralrlc a6idanl 2.57 O.E€ 0.8s 0.8E

,oinine lome asuta^ce! loa ead 2.1 0.6r o.75 0.77

0dYr
Ch.6dikd6

2a lblllty lo handlo amrganciat 2 0.74 o.7t o.7 :o.781
(no*adqe ol aanaral ned! lor Ba.s 2.06 o.6c 0.7E o.l?
:ounary arld hiaidlhos 2.OE o. a€ 0.8 7 0.85

illa.lil ailh hablr ad n.ds ol idlvldull uttr r.85 o.71 o.71 0.73

l$l!ma in carrylnq Eclao6 r.9 0.81 o.6 r 0.75

RapoidwnB
ro |rdlndud

1.2 builary ol lha raaadaflon !t!fl 6 talaphona 3 o. a2 0.66 o.79 '.O.711

:aaa ol otttlno d$r lnrohatlm s 3adba 3.2 8 o.71 0.7 r 0.6.
3.3 t o.71 o.77 o.63

Saricalndar 79.9 ??. f5.7 ,? .5
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No.of 18

Groups, 
U

14

12

10

8

o

4

2

0

65-69 70-74 75-79 80-84 more

than 85

lndex of Service Ouality

Figure 6 No. of providers by index of service quality

3.3.3 Evaluation of quality of scrvicc by pcrsonal attributes

In order to evaluate the quality of scrvice by different user profiles, four catcgories werc

formcd "agen and "usc of wheclchair'. As shown in Table 2, the "morc than 65 with use

wheplchair" category gave the highest evaluation (79.7 poins), on thc other hand, the nlcss

than 64 without use of wheelchair" category scored the lowest (74.3). From this analysis, it

TableZ Index of quality of service by personal attributcs

Volunteer swc se.lf-G.B. Total

I : nretan6Swilhrred
qrEetiair 84.5 79.4 75.3 79.7

ll : rrre$ar 65withol
wedwlreldair 79.8 74.9 77.3

lll: hsthar64 withrxe

dwheldair 76.9 74.6 75.0 75.5

lV: tsfiar64wi8rur
ueduiretahir 79.8 68.9 74.3

under no classification of personal anributes_x
meiur

range

s'dad&v.

Volunleer swc self-G.B. Total

D9
65.tzyn

5-9

Tt.t
6697S06

367

't51

@:t2&35
52

n5
65JZCn

524
t uncountablc scorc bccausc of small No. of samples
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would seen that the door-to-door service is used mainly by the elderly over 65 and severely

disabled persons who use wheelchairs.

3.3.4 Evaluation of the qt alrty of scwice by relating lcvel satiSaction and wcights

It is possible to check the strengths and weaknesses of a service by comparing the estimated

weights and satisfaction levels for the aspects simultaneously. The results of this evaluation

could be used effectively by the providers in order to improve their service systems. Figure 7

illustrates the results of this evaluation. The results show that the current strengths of service

providers are aspects such as "Reliability" (@), "Safety'(@), and "Vehicle access" (@)
which have high weights and high levels of satisfaction. On the other hand, aspocts such as

"Convenienc€ of making reseryation" (@) and "Extent of service" (@) are revealed as

weaknesses because their satisfaction levels are low while their weighs are high. As shown

in Figure 7, the same tendency can be seen among all three operator groups. This analysis

was conducted using data from the 44 individual providers in this study.

3.4 Cost-Effcctiveness analysis

Cost-effectiveness of door-to-door service is measured by using "cost per trip" and "cost per

km' in this study. Table 3 shows "cost per trip" based on the annual operating cost

(excluding vehicle purchase cost) and the annual total number of trips. As shown in Table 3,

the range of cost per trip by individual provider is relatively wide. Looking at the averuge

cost per trip for the three operator groups, the social welfare conferences have the lowest

costwith Y6,108/tip, while the private volunteer groups and self-governing bodies have

muchhighercost with Y9, 106/trip aadY9,947ltrtp, respectively. Table4 indicates "cost per

km" calculated from the annual operating costs and the annual vehicle mileage in kilometers.

There is a wide range in the cost per km for individual providers, similar to that seen in the

"cost per trip" analysis. Private volunteer groups, have the highest cost with +8241km,

followed by self-governing bodies with +7241kr* and social welfare conferences with

+307|km.

From the analyses of "cost per trip" and "cost per km" , it is evident that there are large

differences between individual providers and different operator groups. But, the differences

could be caused by various operational characteristics, such as the amounts of coordination

costs, the level of labor costs, types of drivers used, and whether or not there are rental .and

parking lot costs. For this reason, it is necessary to analyze cost-effectiveness by

subdividing the operational characteristics of service providers in future studies.

Journal of the Eastem Asia Society for Transportation Studies, Vol. 2, No. 5, Autumn, 1997



No. Asp€cts Vol.Weight Vol.Sat. S1ilC Woiqht SilC Sat. SGB W6ighi SGB Sat. Total w€ight Total Sat.

o R€liability 1.25 0.83 1 .30 0.85 1.28 0.86 1.28 0.85

@ Comlort 1.16 0.79 1 .15 0.80 1.17 0.81 1 .16 0.80

\, R€sv.Conv€ni€nc( 1.28 0.7 4 1.28 0.6I 1.30 0.67 1.29 0.70

@ Extent oI Service 1.26 o.71 1.20 0.5s 1.24 0.62 1.23 0.63

@ V€hicle Access 1.26 0.82 1 .28 0.8 6 1.28 0.84 1.27 0.84

@ Salety 'I .30 0.84 1.30 0.84 1.27 0.84 1.29 0.84
/e\\, Driver Charactgr 1.25 0.80 1.23 0.7I 1.24 0.76 1.24 0.78

@ Resp.to lndividua 1.24 0.76 1.26 0.76 1.23 0.68 1.24 o.7 4
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E
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Figure 7 Relation between weights and satisfactron degree
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An Evaluation ofthe Quality ofService and Cost-Effectiveness ofSpecial Transport Service in the 1369
Tokyo Metropolitan Area

Table 3 cost per trip (unit:Yen)

private

volunteer
S.W.C self-G.B.

average* 9,106 6,108 9,947

range
max. 18,973 12,447 19,792

mlm. 2,174 2,380 2,705

standard deviation 4,546 2,858 4,496

'thc avcragc cost of 22 of. ptivztc volontcer groups, l3 of
social wclfare confcrcncc,l8 of sclf-governing body.

Table 4 cost pcr km (unit:Yen)

'the average cost of 19 of privatc volunteer gtoups,11 of
social welfarc conference,l2 of sell-governing bodv.

4. SUMMARY AND CONCLUSTON

The findings of the prescnt research are summarized as follows:

@ A quantitative methodology to evaluate the quality of ST servicc was proposed. In this

raethodology, quality of service was measured along 8 dimensions. Thcse are reliability,

comfort, convenicncc of making reservation, extent of service, vehiclc access, safety, driver

characteristics, and responsiveness.

@According to the results for estimating weights, "Convenience of making reservation" and

"Safety" (1.29), "Rcliability" (L.28) showed the highest weights, while "Comfort' (1.16)

showed the lowest weight.

@ As for the resulB in measuring the lcvcl of satisfaction, "Reliability" showed thc highest

scorewith 0.85, followed by "Vchiclc access, and "Safety" with 0.84. At thc low cnd are

"Extcnt of scrvice" and "Convenicncc of making reseryation" with 0.63 and 0.7,

respcctivcly.

@ The average ovcrall index for service quality for thc 44 service providcrs was 77.5 points

private

volunteer
s.w.c self-G.B.

average* 824 307 724

range
max. 3,487 764 1,357

uum. r93 134 339

standard deviation 783 189 297
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out of 100. The scores ranged from 65.1 to 92.7. But the average score for the three

operator groups were similar (79.9-75.7).

@ In the evaluation by personal attributes, the "more than 65 with use of wheelchair"

category evaluated highest (79.7 points), while the "less than 64 without use of wheelchafu"

category evaluated lowest (74.3).

@ In comparing the estimated weights and the satisfaction levels for the various aspecB,

"Convenience of making reseryation" and "Extent of service" were revealed as weaknesses

because their satisfaction levels were low while their weights were high.

@ From the analyses of "cost per trip" and "cost per km" , it is evident that there are large

differences between individual providers and different operator goups.

The results of this evaluation of service quality can be used by the government or

self-governing bodies when they choose contractors, or when they provide financial aid to

private sectors. They can also be used as a method for judging the performance of each

provider, and comparing the quality of different services. Finally, this study provides useful

data which can be used by providers in order to improve their services.
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