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Today, as a social issue, there has been a lot of focus on making roads and facili-

ties barrier-free in order to support the independent life of persons with  physi-

cal disabilities. According to the 2012 annual report on government measures 

for persons with disabilities, the number of persons in Japan with disabilities 

amounts to 7.443 million. The number in the report includes persons with phys-

ical disabilities (including  visual impairment,  hearing disability,  speech disability, 

 limb/trunk dysfunction and  internal impediments), persons with intellectual 

disabilities and persons with  mental disabilities, and their numbers are 3.663 

million, 0.547 million and 3.233 million, respectively (1). In addition, the number 

for the  elderly—comprising people at 65 years-old and over—is 29.75 million, 

which shows the rate of ageing amongst the Japanese population has in-

creased by 23.3 %—according to the 2012 white paper on the aging of society (2). 

Along with this, we can see an increase in the number of people suff ering dif-

fi culties with walking caused by lifestyle-related diseases caused by ageing. The 

greying of society is expected to continue, and if the number of persons with 

walking diffi  culties is added to the total population of persons with disabilities 

in general, then this fi gure certainly becomes a large proportion of the entire 

population.

Against this background, some social infrastructure related to the creation 

of a  barrier-free environment has so far been implemented. Until recently, that 

infrastructure was said to be more than 30 years behind in comparison to other 
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advanced countries. However, people have come to realize the importance 

of maintaining and improving a “gentle living environment for people” corre-

sponding to the physiological and psychological needs of persons with disabili-

ties. Since the  Barrier-free Transportation Act came into force in November 2000, 

a barrier-free transportation environment has been created and the means have 

been developed to fi t this to persons with disabilities. Furthermore, a concept of 

everlasting improvement has been implemented by using the method known 

as the PDCA cycle, and a system to evaluate what was developed has been in-

troduced. The  PDCA cycle is a method which provides continual improvements 

to tasks by running through four steps: Plan  Do  Check  Act. The fi gure 

above shows the details of the cycle.

Though Japan’s maintenance of, and improvements to, its living environ-

ment have not yet caught up with Europe, the most advanced area in the de-

veloped world, the gap between Japan and Europe has rapidly narrowed. For 

instance, Japanese guidelines relating to such maintenance and improvements 

now compare favourably with the standards of European countries.

However, carrying out maintenance and improvements only on the  hard-

ware side will never be a fundamental solution to the overall problem. A bal-

ance between the hardware and software sides is a key for any kind of function 

to work well. In the case of Japan, “removing barriers in people’s mentality” is 

The PDCA cycle advocated by William Edwards Deming

Improve the processes

continuously and take

necessary measures.

Plan Do

CheckAction

Set goals and plan processes

for real situations.

Implement plans and 

determine performance.

Evaluate the measured results,

compare the results with the 

goals and analyse them. 

PDCA cycle

Provide continual improvements by running through the four steps.
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important as a development on the  software side. For instance, when Japanese 

people see persons with a visual impairment in diffi  culty on the street, many 

fi nd themselves not knowing how to off er support. One of the reasons why this 

happens is because Japanese people generally have not had much social edu-

cation in learning how to deal with such a situation. By contrast, when people 

in other advanced countries are involved in activities in their communities, they 

also engage in  volunteer work. This helps people’s spirit of volunteerism to be 

cultivated. In many cases in Japan, people learn about volunteerism only as a 

school subject. Therefore, people need to learn about volunteerism at schools, 

societies, homes and any other opportunities in the future.

For example, if you see a person in a wheelchair who is in trouble because 

of steps in front of her/him, one of the ways to support her/him is to off er help 

from behind. A 5 cm diff erence in levels at the entrance of a building, for in-

stance, is not of any concern to healthy people, but for people in a wheelchair 

it is a big barrier which prevents them from moving ahead. If you understand 

the nature of such diffi  culties for persons with disabilities, you may be able to 

support them spontaneously. When you see that persons with disabilities are 

facing problems or diffi  culties, what is important for you is to “help” them: to be-

gin with by, for example, saying something to them. Japan may change greatly 

if people can remove barriers from their mentality, create a climate in which it is 

a natural thing for them to help persons with disabilities and create social sys-

tems which support such a spirit among people. In addition, it is important for 

healthy people to get involved more willingly with persons with disabilities and 

elderly people.

This book summarises the current situation of the transportation environ-

ments for persons with limb/trunk dysfunction, hearing disability and visual 

impairment, while also describing the problems which nowadays exist.

In chapter one, the Japanese law and support system for handicapped per-

sons is introduced. Especially, it focuses on support for independence. In chap-

ter two, the physical and mental features of persons with a limb/trunk dysfunc-

tion are summarized. Chapters three and four summarize the transportation 

environment for persons with physical disabilities. In chapter three, the history 

and structure of wheelchairs and support equipment to be used for wheelchair 
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users, and also, the transportation environment of sidewalks, footsteps and 

slopes are discussed. In chapter four, assist devises and the acquisition of a driv-

er’s license for persons with physical disabilities are introduced. In addition, the 

diffi  culties experienced at the time of driving are discussed. Chapters fi ve and 

six summarize the physical features, hearing aids and commutation methods 

for persons with a hearing disability. Chapter six also discusses the diffi  culties for 

persons with a hearing disability when they drive a car. In chapters seven and 

eight, the physical features of persons with visual impairment are summarized. 

Chapter eight also introduces Braille blocks and guide dogs, and discusses of 

walking problems on the sidewalk. Finally, chapter nine summarizes public 

transportation systems of trains and buses in Japan as transportation methods 

for handicapped persons.
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Services and supports to improve the self-reliance of  persons with 
disabilities

In present-day Japan, a new range of  welfare programs has been implemented 

in addition to the traditional benefi ts-style welfare programs of the past. This 

coincides with global trends. The new programs are in accordance with the 

concept of “community welfare”, and they aim to provide support to persons 

with disabilities and elderly people through activities conducted by “the wider 

world, towns and societies” while assuring their social revitalisation.

More specifi cally, the range of problems relating to the usage of roads by 

persons with disabilities and elderly people is one of the high-profi le issues in 

Japan. The mobility of the disabled and the elderly needs to be secured, since 

mobility is essential for them to be independent. Similarly, the structures known 

as “the welfare-support information and communication system”, “the attendant 

service and at-home-care support system”, “the social-welfare image-informa-

tion delivery system” and various other projects have all been established in the 

information and communication fi elds as government initiatives to prepare the 

environment so that persons with disabilities and elderly people can have inde-

pendent lives. Moreover, a “ long-term care insurance system” has been launched 

together with other welfare policies in an eff ort to improve the self-reliance of 

persons with disabilities and elderly people.

C H A P T E R  O N E

Supports for persons with disabilities
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Changes in the understanding of  self-reliance

Our understanding of the concept of the self-reliance of persons with dis-

abilities has improved, and signifi cant changes have been made since the war, 

coinciding with changes in the social economy. During the period of economic 

reconstruction, that is, shortly after the war through into the1960s, a period 

when a priority was placed on economics, if people discussed the self-reliance 

of persons with disabilities, it meant only their economic and physical indepen-

dence. Accordingly, persons with severe disabilities who had diffi  culties with 

daily activities were considered as persons subject to protection.

After the 1970s, the  Independent Living campaign spread in America, while 

the concept of “ normalisation” began and spread from Denmark. Since then, 

much debate has been carried out with a view to considering all persons with 

severe or less than severe disabilities as subjects for an independent life, and 

more persons with severe disabilities have aimed to have an independent life 

in their community. Meanwhile, there has been an increase in the number of 

groups which campaign for promoting self-reliance and social participation by 

persons with disabilities, and the principle of normalisation spread rapidly fol-

lowing the  International Year of Disabled Persons in 1981.

Japan has changed from a society that places its fi rst priority on economics 

to a society that places an importance on people’s lives. With this change, the 

time has come for us to reconsider our understanding of the self-reliance of 

persons with disabilities and to change our understanding of their self-reliance 

from the view that independence means mere economic and physical inde-

pendence to the view that independence for them is their self-actualisation 

while receiving health, medical and welfare services in their communities.

Normalisation

 Normalisation is a social principle related to the welfare of society, and the prin-

ciple started in North European countries in 1960. According to this principle, a 

normal society is a place where no distinction is made between persons with 

disabilities or elderly people and healthy people, and it is also a place where 
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they live together while helping each other. This principle also includes cam-

paigns and programs of which the purpose is to realise such a society. In the 

1950s, a group of parents of children with intellectual disabilities discovered 

that many violations of human rights were being committed in a giant facility 

for disabled people in Denmark. As a result, the parents launched campaigns so 

that they could improve such terrible conditions. The principle of normalisation 

took root in this incident.

The advocate of the principle, Bank Mikkelsen, described normalisation as 

follows: it is to off er persons with disabilities the same living circumstances as 

normal people; it is not to try to make the circumstances of persons with dis-

abilities close to the circumstances of the normal, but rather to make circum-

stances in which the normal conduct daily routines usual also for persons with 

disabilities; and, it is for normal people to act in a way that they would want 

other people to do for them if, or when, they themselves became persons with 

disabilities (3).

In 1993, the  Japanese Basic Act for Disabled Persons was implemented 

based on the principle of normalisation. However, Japanese society has not 

been very successful at embodying the principle. The principle of normalisation 

needs to penetrate and spread further in order to bridge the gap between the 

principle and reality in society.

Persons with  physical disabilities as welfare targets, and services and 
support for them

When we think about persons with physical disabilities, we tend to pay atten-

tion only to their impairments. However, it is very diffi  cult for people with dis-

abilities to recover their physical functions completely. Therefore, if attention is 

drawn only to their impairments, it will not solve their problems. The fi nal goal 

of welfare services for persons with disabilities is their “self-reliance.” The aim of 

the welfare service for persons with physical disabilities is not to solve their con-

dition of disablement, but to help in solving the diffi  culties which they face in 

their daily routines.

Supporting the  self-reliance of the disabled is the role of aid providers, and 
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the following fi ve bases are vital in providing such services and support.

(1) Services should off er enough variety for the users to choose.

(2) Services should be selected by the users themselves.

(3) The users’ place of residence has to be secured within their community and 

society, unless it is impossible.

(4) Independent mobility and means of communications for the users should 

be secured, and the users should be able to participate independently in 

social, economic, cultural and a variety of other activities while maintaining 

good inter-human relations in their community.

(5) The users should be able to participate in a variety of policy-making pro-

cesses.

Hierarchy of  self-actualisation

The mental burden on persons with disabilities is enormous. Thus, it is very im-

portant that they accept their disabilities, while they are being provided with 

support, so that they can take a positive attitude towards their life. Abraham H. 

Maslow (4) has analysed the  hierarchy of needs (desires) of human beings, and 

they are shown in Figure 1-1.

Figure 1-1  Theory of degrees of needs (desires) by Abraham H. Maslow

Physiological desire 

(such as clothing, food and housing)

Desire for security and stability 

(stable lifestyle)

Desire for affiliation and affection 

(group attribution)

Self-respect and desire to be being respected 

(cognitive needs)

Desire for self-actualisation 

(creative activities)

Achieved with support

Achieved through 

involvement with society

Achieved by one's own actions
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At the bottom of the hierarchy are “ physiological needs” and the “ desire for 

security and stability”, which are the fundamental needs (desires) for survival, 

and these needs can be satisfi ed by support from other people. However, “ self-

respect and desire for respect” and “ desire for affi  liation and aff ection” can be 

realised only by having relations with society, and these desires can be satisfi ed 

only when people are willing to live positively. Satisfaction with such desires 

will lead to having a “desire for self-actualisation”, and eventually people will 

start taking action by themselves. Once physiological desire is satisfi ed, people 

become interested in fulfi lling social desires such as group attribution, aff ection 

and approval. Once these desires are satisfi ed, the desire for self-actualisation 

can be fulfi lled.

Self-actualisation is not related to physical self-reliance but the key point is 

to have clarity in one’s own thinking and to be mentally independent. Therefore, 

when persons with disabilities receive assistance from caregivers and support-

ers, these persons should be able to decide what kinds of assistance they wish 

to receive, and their decisions ought to be respected by their caregivers and 

supporters. Self-reliance includes:

(1)  Economic independence

People are capable of maintaining the minimum-standard of living.

(2)  Independence in one’s own daily aff airs

People are capable of taking care of their own daily aff airs.

(3)  Mental independence

People are capable of living according to their own thinking.

(4)  Personal independence

People are capable of living according to their own way of thinking while 

receiving support from other people.

The value of  social welfare

Occupations related to such fi elds as medical care, law, education and religion 

are thought of as specialist jobs, and they are usually diff erent from  regular jobs. 

People who engage in social welfare are considered as working in this area of 
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 specialist jobs. As is shown in Figure 1-2, the fundamental diff erence between 

such specialist work and regular work is whether the nature of its goal is com-

munality or commercial gain. Regular jobs may also require highly-advanced 

knowledge or skills, but after all, their fi nal goal is the pursuit of interest. How-

ever, according to Akito Kurokawa (5), the importance of work in medical care, 

law, education and religion in society is to off er special knowledge and skills to 

society regardless of one’s interests.

 Nursing care service

Care for persons with disabilities and elderly people has been traditionally pro-

vided by families. The common sorts of care provided by family were nursing 

care and livelihood protection, and in Japan the burden on the family members 

was traditionally shared by three generations: grandparents, parents and chil-

dren. However, because the family structure has changed due to the declin-

Figure 1-2  The importance of specialist jobs and regular jobs

Specialist jobs

Medical
care

Law

Education Religion

Regular jobs

Concern for the good of 
the community

Concern for commercial 
gain

Importance of existence
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ing birth-rate, the ageing population and the trend toward nuclear families, 

the families which provide care have limits placed on their eff orts to bear the 

burden which rests upon them. This is one of the social issues we face today in 

Japan. Against this background, promotion of the training of people as welfare 

caregivers and as other types of specialists has been launched following the 

implementation of the  Ten-year Strategy for Promoting Geriatric Health and 

Welfare, the so-called  Gold Plan in 1989. When people—other than immedi-

ate family members—provide care for elderly people and/or persons with dis-

abilities, the caregivers assume a social responsibility. Thus, they are required to 

have knowledge and skills that measure up to certain criteria, and also they are 

required to be properly certifi ed.

The term “nursing care” was originally defi ned in an ordinance when a law 

relating to pensions given to disabled veterans of the army was implemented in 

Japan in 1892. The concept of nursing care existed fi rst as a criterion for benefi t 

payments of pensions. However, several campaigns were carried out by persons 

with disabilities in a demand for guaranteed nursing care in the latter half of the 

1970s, and since then the use of the term “nursing care” has become more gen-

eral.

Nursing care professionals and their  workload

In Japan, nursing care has been provided by the female members of each 

household and traditionally it is a form of unpaid work. In April, 2000, the  Long-

term Care Insurance Act was implemented. Since then, the number of profes-

sional care workers has increased rapidly. However, the Long-term Care Insur-

ance Act was amended in 2006, and it led to a new approach termed “care pre-

vention” by the government in its ordinance. The purpose of this new approach 

was to prevent many elderly people from needing and/or receiving care under 

the  long-term care systems which were stipulated by the Long-term Care Insur-

ance Act. Accordingly, application for the home-care service was confi ned to 

persons with severe disabilities. As a result, the number of  home-care workers 

has actually decreased. The reasons for the decrease are: it is one of the hardest 

jobs in nursing-care-related work and its wages are very low; and the owners of 
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home-care-related businesses have cut down on the number of their workers 

due to the decline of profi t margins caused by the undercutting of nursing care 

benefi ts (6). Thus, although one of the diffi  cult issues of replenishing manpower 

needed for supporting nursing care has been resolved by the introduction of 

Long-term Care Insurance, the working environment for caregivers has further 

deteriorated because of the undercutting of nursing-care benefi ts. It is still dif-

fi cult to create a stable employment environment under these circumstances.

Nursing care involves exhausting labour, such as lifting care recipients, and 

the workers tend to suff er from  mental stress. In nursing-care facilities, the spirit 

of dedication often takes priority over the workers’ physical and mental health. 

Unsurprisingly, a large number of caregivers suff er from backaches, and it often 

becomes chronic. This is one of the most serious problems among the work-

ers (7). The most common back problems suff ered by caregivers are “muscular 

lumbago”—caused by chronic tension or fatigue—and “ lumber disk hernia”—

caused by heavy strain on the lumber disk. Both types of backache are related 

to slumping or other unnatural working postures as well as to lifting heavy ob-

jects.

Nursing care once drew much attention as an occupation. However, its 

harsh working circumstances have caused a decline in its popularity. The series 

of problems that occurred came about because of the government’s desires, 

and its unfruitful eff orts, to kill two birds with one stone, as they tried to resolve 

two problems of fi nance and the quality of helpers at the same time. This was 

done even though the priority had to be on securing a certain amount of ser-

vice to be delivered. It is important to prepare adequate nursing care benefi ts 

and an adequate labour environment for caregivers so that they can work com-

fortably.

In Japan, there is a pervasive idea that everything has to be done by hand 

in the field of nursing care, because the care recipients are human beings. 

Moreover, some workers refuse to use electric lifts in the event of loading and 

unloading care recipients, and some claim that using lifts takes too much time 

and that it is easier to do the job by hand. Certainly, persons with disabilities—

people who probably have less opportunity than usual to have direct contact 

with others—may feel more comfortable if they can sense the warmth of other 
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people. However, some nursing care facilities are short of staff , and effi  ciency 

is very important in such places. Nursing care equipment is likely to increase 

the effi  ciency of work if it is used properly, and it will be eff ective if workers can 

judge precisely when to proceed by hand and when to use machines in their 

working environments.

 Heart Building Law in Japan

The Heart Building Law was an act related to making buildings accessible to, 

and usable by, the elderly and physically disabled persons. In Japan, this act 

was implemented in September, 1994. The targets of this act were the elderly, 

persons with physical disabilities and any other people who had limits placed 

on their social activity because of some kind of functional impairment. The pur-

poses of this law were: to take necessary measures in promotion of the creation 

of accessible and usable buildings; to improve the quality of specifi c buildings; 

and to improve public welfare.

The law aimed to set criteria for public buildings, such as railway stations, 

department stores and hotels, which many people, including persons with dis-

abilities, use. This law was well received also by business enterprises and the 

number of companies which were accredited by the law increased from about 

1995 onwards. However, as the  New Barrier-free Act was implemented in 2006 

(which will be described later in this chapter), the contents of the Heart Building 

Law were repealed in accordance with the Barrier-free Transportation Act. Thus, 

the Heart Building Law was eff ectively abolished.

 Barrier-free Transportation Act in Japan

The Barrier-free Transportation Act—an act aiming for public transportation 

accessibility and usability by elderly and physically disabled persons—came 

into eff ect in November, 15, 2000. The drawing up of “ fundamental plans for the 

facilitation of transportation” and the maintenance and improvement of walk-

ing spaces were actively advanced by local governments. In order to facilitate 

transportation accessibility and usability for all users, it was necessary to have 
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eff ective as well as adequate plans and designs suitable for persons with dis-

abilities or with diffi  culty in walking. Therefore, a sustainable amount of capital 

needed to be invested into the realisation of such plans. Purging barriers in 

transportation-related circumstances is very important not only for improving 

the safety of walking spaces for persons with diffi  culties, but also for expanding 

their area of daily activities and the opportunities they may have for their social 

participation.

 Barriers on the roads, for example, increase the physical burden in walking 

unnecessarily for persons with diffi  culties. This negative circumstance confi nes 

the distance and frequency of walks they may take in the outside world from 

their homes, and also it confines their social activities in everyday life. When 

barrier-free environments are created, it is important to consider how to reduce 

physical burdens for users, including persons with disabilities and their caregiv-

ers, and how to ensure psychological comfort in addition to their safety.

 New Barrier-free Act in Japan

The   Barrier-free Transportation Act and   Heart Building Law were integrated on 

December 20, 2006, and the New Barrier-free Act “for transportation accessibility 

and usability by the elderly and physically disabled persons” became eff ective. 

The barrier-free areas which were built based on the Barrier-free Transportation 

Act were like small dots scattered on a map, while the barrier-free areas built ac-

cording to the New Barrier-free Act are more like a series of fl at surfaces, which 

include outdoor parking spaces and city parks. In addition, the new act has 

extended its targets by including persons with intellectual, mental and devel-

opmental disabilities, and the related facilities have been improved according 

to the concept of  universal design.

In order to create transportation environments with smoother accessibility 

and usability, the safety and user-friendliness of transfer pathways of facilities 

and of related vehicles need to be taken into consideration, and even facilities 

which do not directly have any obligations of creating easier accessibility and 

usability for persons with disabilities imposed on them are expected to take 

certain positive action in accordance with the act. Moreover, the delivery of 
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easier, clearer and more appropriate information has been made compulsory 

in emergency situations. As for the educational training of staff  or other related 

personnel in the public transport system, appropriate training is to be set up in 

order to prevent persons with disabilities from being rejected when boarding or 

using public transport systems and to ensure smooth delivery of services.

These fundamental strategies were instituted by the New Barrier-free Act 

and some councils were set up for implementation. In addition, two consider-

ations were included within the meanings of creating easier accessibility and us-

ability of transportation infrastructure within the priority areas of improvement. 

One consideration was harmony with the plans related to the improvement of 

welfare and urban performance set up by municipal governments. The other 

consideration was the usage of the council in order to refl ect the views given by 

elderly and physically disabled persons regarding the plans. Furthermore, it was 

stipulated that the priority areas for improvement should have three or more fa-

cilities closely connected to the daily lives of persons with disabilities, and their 

transferral between or/among such facilities should usually be on foot. It was 

also stipulated that it is important to seek municipal cooperation when large-

scale facilities exist in priority areas. Moreover, it was considered important to 

conduct adequate assessments of current circumstances, and to have suitable 

liaison and coordination in order to ensure smooth progress in the operations 

concerned. In addition, importance was placed on the participation of users, as 

well as citizens’ evaluations conducted afterwards by the councils.

Guidelines for the maintenance and improvement of easier accessibil-
ity and usability of transportation infrastructure

Guidelines for the maintenance and improvement of easier accessibility and 

usability of transportation infrastructure were implemented in July, 2007 in rela-

tion to the passenger facilities of the public transportation system. These guide-

lines include details for the ideal maintenance and improvement of passenger 

facilities in order to achieve easier accessibility and usability of transportation 

infrastructure while at the same time meeting the needs of a diversity of service 

users, including elderly and physically disabled persons. The business operators 
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of public transportation are not obliged to follow the guidelines; however, it is 

deemed desirable to use them as a model in conducting the maintenance and 

improvement of facilities

The target of the guidelines are the passenger facilities which are specifi ed 

by the New Barrier-Free Act, and this includes railway  stations, truck stations or 

stops,  bus terminals, passenger-ship terminals and air terminals. The main user-

targets for the maintenance and improvements conducted according to the 

guidelines are elderly and physically disabled persons and other people whose 

movements are limited. These guidelines also take in the concept of  universal 

design, so that passenger facilities are easy to use and access is available for all 

users.

Historical background of universal design

Universal design is a concept which involves designing usable as well as acces-

sible facilities, products and information for people regardless of their various 

cultures, languages, age, sex, diffi  culties and abilities. The concept of universal 

design arose following the congressional passage of the  Americans with Dis-

ability Act (ADA), which drew much social attention in America at the begin-

ning of the 1980s.

The following seven principles were introduced by Ronald L. Mace in the 

1980s.

(1) Fairness

Usable by anybody

(2) Flexibility

Having a wide range of usage

(3) Simplicity

Having a simple structure and being easy to use

(4) Clarity

Necessary information can be understood easily

(5) Safety

Little risk in the event of misuse
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(6) Continuity

Usable for a long period of time without feeling mental or physical fatigue

(7) Spatiality

Having enough space for users to feel comfortable

The concepts of “ barrier-free” and “universal design” seem to be the same, 

but their natures are diff erent. The barrier-free concept aims to create situations 

where physical and psychological obstacles—barriers which cause problems 

for elderly and physically disabled persons when they participate in social life—

are removed according to the related governmental or municipal policies. Thus, 

it is a form of design which seeks to resolve the problems of users who face dif-

fi culties or impossible situations in their daily lives. Universal design is a creative 

and suggestive form of design. This simulates physical abilities, the psychology 

and the usage environments of users in advance, regardless of the cultures, 

languages, ages, sex, diffi  culties and the abilities of those users. For instance, 

rigging up a lift to help persons in wheelchairs get onto a bus more easily is an 

initiative following the barrier-free idea, while lowering the level of the fl oor of a 

bus or removing uneven surfaces at bus stops or at terminals so that everyone 

fi nds them comfortable to use is following the idea of universal design.

 Services and Supports for Persons with Disabilities Act

The Services and Supports for Persons with Disabilities Act was implemented 

in 2005 in Japan. The purposes of the act are: to contribute to the actualisation 

of communities and societies where persons and children with disabilities can 

have independent daily and social lives by receiving necessary benefits and 

support in accordance with the welfare service for persons with disabilities 

stipulated by the government; and to realise environments where persons with 

disabilities can live in peace while having mutual respect for the individuality of 

others regardless of their diffi  culties.

Related systems are integrated so that the necessary welfare services are 

used by persons with diffi  culties regardless of the types of diffi  culties they may 

have, and municipal governments are responsible to off er such services in an 
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integrated manner. The users of the welfare services are to bear some costs (an 

upper limit is set) of the services provided according to their usage and income, 

and basically 10 percent of the cost is to be paid by each user. Costs of food and 

utilities will be also billed to the users of services, and again basically 10 percent 

of  healthcare cost is to be borne by each user.

In addition, in an effort to support persons with difficulties who work at 

home, special adjustment payments will be given to companies which can pass 

business orders to people in this category A new job-coaching subsidy system 

and some job assistance model projects for persons with diffi  culties—of which 

the aim is to support them to stay at one job or offi  ce for a longer period of 

time—have been established. With help from these systems in local communi-

ties, welfare facilities can supply eff ective support to persons with diffi  culties in 

their working environments. Whether people are eligible to receive the  welfare 

services for persons with disabilities or not is decided by municipal govern-

ments which conduct comprehensive reviews in each case.

However, the system of services described above has resulted in imposing a 

tremendous burden on the lives of persons with disabilities, in spite of the fact 

that the systems were established under the pretext of supporting their self-reli-

ance. One of the purposes of the system is not so much to protect persons with 

disabilities as to support their independence. However, the recipients of the 

welfare service are expected to pay basically 10 percent of the costs of the ser-

vice. Although the employment of persons with disabilities has been promoted, 

it is still diffi  cult for them to fi nd jobs. Furthermore, the severer the degree of 

disability becomes, the more assistance is required. Therefore, it is necessary to 

introduce policies to reduce the fi nancial burden involved. The problem is that, 

regardless of any guarantee of income resulting from self-reliance, the expenses 

involved are expected be paid by the disabled.

ADL and IADL

ADL stands for  Activities of Daily Living. This includes basic activities, such as eat-

ing, bathing, moving, waking, going to the toilet and other activities necessary 

for people to conduct their daily lives. ADL was fi rst developed in the rehabilita-
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tion sector in order to measure the eff ectiveness of rehabilitation for patients 

with functional impairments. Recently, ADL is often applied as a gauge to mea-

sure the independence of elderly persons. In this case, the basic life-functions 

of the elderly are evaluated in terms of three steps, “independence”, “part-care” 

and “full-care”, and points are given according to the results. The higher the total 

score, the more independent a person is judged as being.

IADL stands for  Instrumental Activity of Daily Living, and it is based on ADL. 

IADL measures such things as using the telephone, going out for a long dis-

tance, shopping, preparing meals and managing medicine and money. The 

purpose is to determine whether people have the necessary abilities to have an 

independent social life. When reviews are to be conducted on the possibility of 

the elderly or persons with disabilities living at home, evaluations made only ac-

cording to ADL are considered not suffi  ciently adequate and IADL becomes an 

important index for evaluations.

The  long-term care insurance system, for example, uses the results of re-

views which are conducted based on ADL and IADL, and these results are used 

as an index to determine the level of care needed by the people involved. The 

judgements and reviews are made by  care managers who are expected to con-

duct them objectively. In addition, the fi nal decision is made by the Certifi cation 

Committee for Long-Term Care Insurance organised by municipal governments.

Quality of Life

 Quality of Life (QOL) is about people’s quality of life from the social point of 

view, and this is a concept which entails viewing people’s lives according to the 

criteria of how satisfi ed they are and how happy they are with their lives. This 

concept was established in 1989 by the  World Health Organisation (WHO). It 

was a proposal regarding the sort of medical care which would place impor-

tance on the QOL of cancer patients in all phases of treatment, from the begin-

ning of diagnosis to the terminal phase. Originally, it was used as a gauge in 

support of the activities of cancer patients. However, QOL has been interpreted 

over a wider range, and now the concept is also applied to problems relating to, 

for example, the psychological and social affl  uence of people, people’s mentali-
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ties in general, the motivation of elderly people in life, and housing and other 

environmental issues.

In the fi eld of medical rehabilitation and welfare, the goals had only been 

the movement-recovery of patients and the supply of care toward activities 

related to patients’ daily affairs (ADL) until the 1960s. However, in the 1970s, 

campaigns for  Independent Living (IL) were carried out in America. In these 

campaigns, various people including persons with disabilities stressed the idea 

that if persons with disabilities could receive care from other people, then they 

could participate in society and could have some form of self-actualisation 

even if they were unable to take care of their own daily aff airs by themselves. 

This movement had a great impact on the Rehabilitation Act implemented in 

1978 in America, and this produced a turning point in the aims of rehabilitation. 

Rehabilitation changed from the improvement of ADL to the improvement of 

QOL. The idea of placing an emphasis on QOL has spread to the world of nursing 

care, and the mainstream of the concept is now improving QOL rather than ADL.

 Rehabilitation

Rehabilitation is a comprehensive approach which involves returning persons 

with disabilities to more active daily life by helping them recover their abilities 

as much as possible and by improving their independence. Terms such as “re-

turning to society” or “treatment and education” were used in place of today’s 

term “rehabilitation” originally in Japan, but the term “rehabilitation” has become 

more common since around 1960. The term “rehabilitation” is still understood as 

physical training for functional restoration in Japan, though the original mean-

ing of the term is the recovery of the rights of persons with disabilities so that 

they might live in a better manner. Training for functional restoration is nothing 

more than an avenue to achieve the greater purposes of rehabilitation (8).

 WHO defi ned the term rehabilitation in 1981, and it stated that the term in-

cludes every kind of treatment and procedure of which the aims are to reduce 

the negative impact from situations which could cause learning impairments or 

social disadvantages to persons with disabilities, and also to help persons with 

disabilities to achieve social integration. According to Satoshi Ueda (9), the goal 
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of rehabilitation is not only to help the persons with disabilities adjust to their 

environment through training, but also to make their social integration easier 

by intervening directly in their environments and the entire society. In addition, 

persons with disabilities, their families and their communities must get involved 

with plans and operations related to various kinds of services connected to re-

habilitation.

Moreover, the preservation of health, treatment and other aspects related 

to medical care, which are conducted by specialists in medicine as well as spe-

cialists in related fields, are called medical rehabilitation, and this sometimes 

includes areas which provide treatments and training such as physiotherapy, 

speech therapy, the making of artifi cial limbs, occupational therapy and psycho-

logical training.

The list below details the types of specialists and their jobs.

(1)   Physical Therapist (PT)

Physiotherapists support the independent daily life of their patients by 

providing exercise therapy and physical therapy, of which the aims are the 

recovery and the maintenance of basic motion abilities of patients, as well 

as the prevention of the deterioration of disabilities.

(2)   Occupational Therapist (OT)

Occupational therapists support and promote their patients by training 

them in crafts, such as carpentry. Their aim is to help their patients return to 

their social lives.

(3)   Speech Therapist (ST)

Speech therapists provide training and support to persons with speech and 

hearing impairments, and the aim is to promote their functional recovery 

and improvement.

(4)   Clinical Psychologist (CP)

Clinical psychologists help patients who suff er from mental illness, psycho-

somatic illness or psychological problems, and the aim is to try to maintain 

the mental health of the patients by using clinical psychology.

(5)   Medical Social Worker (MSW)

Medical social workers are social workers in the fi eld of healthcare, mainly in 



22

Support Technology for Transportation Environment of Handicapped People

hospitals. They provide help in solving and coordinating psychological and 

social problems suff ered by patients and their families from the standpoint 

of social welfare.

Psychological impact on persons with congenital disabilities

The impact of impairments on the life and behaviour of persons with disabilities 

diff ers depending on the types, degrees and timing of the occurrence of the im-

pairments. When persons with congenital disabilities are still infants, the biggest 

problem is usually found in the minds of their parents. The parents usually suff er 

from shock, a guilty conscience or anger. When persons with congenital dis-

abilities reach childhood, a sense of “self” develops and they become conscious 

of their own disabilities. Then, when the centre of their life shifts from home to 

school, they take the diff erences between themselves and other people very 

hard and suff er from shock. During puberty, they try to establish distinctiveness, 

and they have diffi  culties in accepting their disabilities while the limits on their 

daily activities increase their stress-levels.

In adulthood, persons with congenital disabilities try to be independent 

through social activities. They experience incomprehension and prejudice in 

society, and they feel confl icted in themselves. However, in their 40s, they begin 

reconciling themselves to their disabilities and start to reach a psychological 

settlement. Entering old age, they become more conscious of a lack of physical 

strength than of any psychological problems relating to their disabilities. They 

become favourable towards communicating with other persons with similar 

disabilities and they have a strong tendency to depend on their peer group.

Acceptance of disability by people who acquired disabilities and de-
velopmental disabilities

Ueda (10) describes the acceptance of disability as neither a matter of giving up 

nor of being defi ant of one’s condition, but rather a matter of persons attaining 

a transformation of values about their disabilities. This involves them overcom-

ing any feeling of shame or inferiority about their condition and changing their 
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attitude in life to a more positive state by realising and understanding that hav-

ing a disability does not lower their value as a human being. In addition, Ueda 

describes the acceptance of disability by people through a merging of the 

traditional theory of transformation of value with stage theory. The details are 

explained below.

(1)   Shock period

This is a psychological state just after the development of disability (the on-

set of disease, or an injury). Patients at this stage feel psychologically peace-

ful and they are in the state of apathia and accidia, though the disability 

may be physically painful. They feel little anxiety and have a similar level of 

purpose and desire in their daily lives to the prior condition when they were 

healthy. They can communicate with other people in a manner similar to 

before the development of disability.

(2)   Denial period

As a disabled person’s physical condition settles, their biologically protec-

tive reaction disappears. They begin to realise that their disability will not 

be healed easily. Denial of disease or disability begins as a psychologically 

protective reaction. Denial is divided into two types; conscious denial and 

subconscious denial. Though subconscious denial is not easily observed, it 

has a bigger impact on the behaviour of patients than conscious denial.

(3)   Period of confusion

This is a period which develops in consequence of patients having no eff ec-

tive ways to deny their sense of reality and the impossibility of their disability 

being healed completely. Patients blame everybody for everything, and take 

out their anger on everybody. When the emotion appears in an introverted 

or self-accusatory way, they begin to blame themselves. They blame them-

selves for everything, and they become depressive.

(4)   Period of eff ort towards a resolution

This is a period of making positive and constructive eff orts. Patients begin 

to realise that their outward attacks are not a way to solve their issues. They 

understand they must realise that their disability is their own responsibility 

and that they have to make eff orts by themselves without relying on other 
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people. As a precondition to their eff orts, it is essential for them to have a 

bright and realistic vision, and foresight such as seeking the improvement 

of motion-ability in daily life, a chance of returning to work, or a reduction of 

social disadvantages.

(5)   Period of acceptance

The transformation of value is completed gradually, and patients begin to 

take actions towards fi nding new roles or jobs in their society, and they start 

once more to fi nd their life worth living.
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Defi nition of the term “ disability” in Japan

It is commonly misunderstood that “disability” means a condition where the 

state of an illness or/and injury is fixed and will not heal. However, the term 

“disability” actually refers to the diffi  culties, inconvenience and disadvantages 

which persons face as a result of an illness or/and injury. The term “person with 

a disability” is defi ned in Article 2 of the  Japanese Basic Act for Disabled Persons 

as a person who receives a considerable degree of limitation in his/her daily life 

or his/her social life for a long period of time. By contrast, Article 4 of the  Physi-

cally Disabled Persons Welfare Act defi nes a person with a physical disability as 

a person who is over 18 years old with physical disabilities and with a physical-

disability certifi cate issued by his/her prefectural governor.

The International Classifi cation of Impairments, Disabilities and Handicaps 

(ICIDH) proposed by  WHO in 1980 defines  physical disability in a three-level 

structure, consisting of: Impairment, Disabilities and Handicaps (11). The first 

level is impairment. Impairment is understood to be the primary level of dis-

abilities which have directly developed from disorders, and thus this classifi ca-

tion is based on the biological level. This includes paralysis, anchylosis, decline 

in physical strength and alogia. The second level is disability. Disability is under-

stood to be the deterioration of ability which is caused by impairment, and thus 

this classifi cation is based on individuals. The third level is handicap. Handicap is 

C H A P T E R  T W O

Physical and mental features of persons 

with a limb/trunk dysfunction
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understood as the condition whereby people receive social disadvantages as a 

result of disability, and this classifi cation is thus based on humanity. People’s dis-

abilities may become more severe depending on their social circumstances.

Akira Shimazu (12) illustrates how to provide  rehabilitation to persons with 

disabilities, as is described below. Patients at the fi rst level are subject to treat-

ments which, for example, promote functional recovery and prevention and the 

medical treatment of secondary complications. Patients at the second level are 

subject to compensatory treatments, which target their functional disabilities. 

These compensatory treatments include training to improve the strength of the 

healthy parts of a limb, the supply of artifi cial limbs, necessary orthosis self-help 

tools and wheelchairs, education in new methods to improve patients’ activi-

ties in daily living and skill training to improve their social lives and relationships 

with other people. Patients at the third level are subject to improvements to 

their environment. These improvements can be made by remodelling the pa-

tients’ house, teaching how they can assist themselves in order to be indepen-

dent, promoting a return to work, introducing hobbies and sports to improve 

the quality of their lives and providing them with indemnity, such as education-

al or welfare-income indemnity.

Furthermore, a psychological approach is important to deal with the sense 

of psychological deprivation among patients. It is important for us to realise that 

a society becomes normal when persons with disabilities share their lives with 

other people rather than being eliminated from that society. This is the valued 

concept called the normalisation of society, which was described earlier.

Physical features of  persons with limb/trunk dysfunctions

People who have permanent motor-functional disabilities in all or part of their 

four limbs (upper limbs and lower limbs) and body trunk are called persons 

with a limb/trunk dysfunction. Motor-functional disability refers to the condi-

tion of a person whereby the functions of parts of his/her body deteriorate or 

stop and, as a result, he/she has diffi  culties or disabilities with his/her move-

ments. The parts of the body which relate to movement include the  nerve, the 

muscular, the osseous and arthrosis systems. The function of the nerve system is 
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to receive and convey information from and to every part of body. The human 

body moves when the muscular, osseous and arthrosis systems operate accord-

ing to information received from the nerve system. The condition whereby the 

nerve or/and muscle system stop functioning is called “ paralysis.” Disabilities 

with motor function are thus called “ motor paralysis”, and disabilities with senses 

of touch, temperature, pain and other sensory functions are called “ sensory pa-

ralysis.” According to the classifi cation of regions of the body, paralysis in both 

upper and lower limbs is called “ quadriplegia”, paralysis in either of the upper 

limbs or lower limbs is called “ paraplegia” and paralysis on either the right or left 

side of the body is called “ hemiplegia.”

There are seven features of disabilities with motor functions, and the condi-

tions can be described as follows:

(1) Abnormality of  muscle tension

As a result of abnormality in the peripheral nerve and the central nerve, 

muscle tension becomes either deteriorated or accelerated. As muscle ten-

sion relaxes, the muscle thins down and becomes weak, and sometimes the 

scope of joint movements becomes abnormally large. When muscle tension 

accelerates, the arms and legs become too stiff  to make movements. When 

pressure is added to the arms of a person for example, he/she has diffi  culty 

at fi rst in moving his/her arms up to a certain angle, and then he/she sud-

denly loses strength and resistance, or a certain level of resistance in the 

arms continues.

(2)  Weakening of muscle

When abnormality in muscle tension or the condition of not using a muscle 

continues, the muscle becomes thin and weak.

(3)  Reduction in the scope of joint movements and deterioration of movement

When the anatomy, muscle and ligaments around arthrosis become abnor-

mal, the scope of joint-movements becomes small. Abnormalities in the 

bones which make up joints or of the cartilage in joints also cause a reduc-

tion of the scope of movement, as well as deterioration in the smoothness 

of the movement of joints. Sometimes, the joints become stiff at certain 

angles and this prevents joints from moving properly or at all.
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(4)  Loss of the whole or part of leg(s) and/or arm(s) 

There are two types to this condition. One is the case where a part or all of 

the four limbs is/are missing due to congenital causes. The other type is the 

case where a part or all of the four limbs is/are missing because of being cut 

or amputated due to accident or illness.

(5)  Body movements against the patient’s will

Disabilities and damage in the development of the nerve system of the 

brain can cause motor activities against a patient’s will.

(6)  Patients are incapable of making coordinated motor activities or fi ne motor 

activities

When patients try to move, their arms and/or legs may only swing or dan-

gle. Patients fi nd they have diffi  culty in making fi ne or skilled motor actions, 

such as using chopsticks and writing, with their arms and/or legs.

(7) Changes in the shape of the whole or of parts of the body

Changes in the body can be caused by muscle shrinkage, bone malforma-

tion and the stiff ening and hardening of joints.

Psychological features of  persons with limb/trunk dysfunctions

Patients who have acquired or developed disabilities with their motor functions 

sometimes fi nd it diffi  cult to accept their disability. There are some cases of pa-

tients being too obsessed with their own recovery, so that their social rehabili-

tation is very diffi  cult. Sometimes, the families of patients react in the same way. 

However, the acceptance of disability can become easier for patients if they 

succeed in fi nding what they can do, making images of a new life adjusted to 

their disabilities and fi nding purpose in their lives through new roles and activi-

ties among their family and society.

 Spinal-cord injury

The bundle of sensory nerves and motor nerves in the spinal column is called 

the  spinal cord. The  spinal nerves emerge from the spinal column, and they 

branch out symmetrically and extend to the peripheral parts of the body. As 
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shown in Figure 2-1, the names of the spinal nerves are abbreviated as: C for the 

cervical nerves, T for the thoracic nerves, L for the lumbar nerves and S for the 

sacral nerves. Spinal nerves comprise of 8 pairs of the cervical nerves, 12 pairs of 

the thoracic nerves, 5 pairs of the lumbar nerves, 5 pairs of the sacral nerves, as 

well as the coccygeal nerve.

 Spinal-cord injury is often caused by strong external pressure on the spine, 

and impairments of motor functions, sensory functions and autonomic nerves 

are often caused by damage to the spinal cord, which makes up the central 

nervous system together with the brain. The spinal nerves are responsible for 

a wide range of motor and sensory functions in the human body; thus impair-

ments of the spinal cord tend to be very severe. Cervical-cord injury is the most 

serious injury of the spinal cord, and its damage causes quadriplegia and respi-

ratory impairment in many cases.

Damage to the area lower than the mid-chest area of the spine will not 

damage upper limbs but results in paraplegia. Spinal cord injury impairs motor 

function and, simultaneously, it triggers functional impairments of the senses, 

the body-trunk, autonomic nerves and excretory organs. The symptoms of 

these impairments are as described below.

(1)   Impaired motor function

The symptoms of impairment of motor function include paralysis and spas-

Figure 2-1  Spinal cord nerve segments

Cervical nerves (C)/C1-C8

Thoracic nerves (T)/T1-T12

Lumbar nerves (L)/L1-L5

Sacral nerves (S)/S1-S5



30

Support Technology for Transportation Environment of Handicapped People

Injury levels  Motor functions Mobility and movement

C1-C3

• Limited head and neck movement.

• Impairment of respiratory system.

• Complete paralysis of arms, legs and 

body.

• Electric wheelchair which is remod-

elled for special needs.

C4
• Able to breathe without assistance.

• Able to lift scapula.

• Specially remodelled electric wheel-

chair.

C5
• Able to move parts of shoulders, 

elbows and forearms.

• A manual wheelchair with hand-

rims on fl at surfaces.

C6

• Incomplete but good shoulder 

movement.

• Full elbow fl exion but no extension.

• Able to do a few push-ups .

• Able to flex the wrist, though it is 

weak.

• A manual and practical wheelchair 

adapted with hand-rims on fl at sur-

faces.

• Able to transfer from bed to wheel-

chair and from wheelchair to bed 

with or without assistance.

• Remodelled car. Assistance may be 

required.

C7

• Complete movement of hand up to 

the wrist.

• Full wrist extension and fl exion.

• Able to do push-ups.

• Standard manual wheelchair.

• Able to transfer from bed to wheel-

chair and from wheelchair to bed 

independently.

• Able to transfer from toilet bowl to 

wheelchair.

• Remodelled car.

C8-T1 • Full use of upper limbs.

• May use a manual wheelchair on 

uneven surfaces.

• Remodelled car. Able to load wheel-

chair into car without assistance.

T2-T6 • Semi-body-trunk balance. –

T7-L2

• Nearly complete body-trunk bal-

ance.

• Able to elevate the pelvic girdle.

• Able to walk with orthosis (though 

poorly in practice) and crutches.

L3-L4
• Full body-trunk balance.

• Able to move parts of lower limbs.

• Able to walk with ankle-foot ortho-

sis.

L5-S3
• Incomplete movement of ankle 

joint.
• Able to walk independently.

Table 2-1   Spinal-cord injury levels and  ADL (activities of daily living)

Source: Kan Nomura: Textbook for 2nd/3rd Welfare Living Environment Coordinator, published by 

Tokyo Chamber of Commerce and Industry, 2001.
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ticity. If the paralysed leg of a person with spasticity is touched or moved, 

for example, his/her leg may become spastic without any relation to his/her 

will. The symptoms become worse in a cold environment.

(2)   Impaired sensory function

A person with impairments to their sensory functions has complete numb-

ness to pain, heat, coldness and other senses relating to temperature, with 

the parts of the body that are paralysed. This condition means delays in 

detecting injuries or burns. In addition, persons with impairment to their 

sensory functions tend to suff er from decubitus. Decubitus is caused by bad 

blood circulation in regions of the body, and occurs because these regions 

are being put under pressure for a long period of time. As a result, the skin 

and flesh of the parts concerned become necrotic. If the condition gets 

worse, the area will be infected and sometimes this even results in death. 

In order to prevent decubitus, the position of a patient’s body should be 

changed frequently.

(3)   Impaired trunk function

A person with impairment in trunk function will have paralysis of the ab-

dominal muscles, muscles of the back and other muscles, and thus it is very 

diffi  cult to maintain a normal sitting posture. In particular, if the injury is at a 

higher level than C6, the person with impairment in trunk function will fall 

over unless his/her body is fi xed to, for example, a chair.

(4)   Impaired autonomic nerves

A person with impairment to the autonomic nerves has diffi  culty in control-

ling body temperature because he/she does not perspire. Moreover, placing 

the body in a sitting position may cause anaemia. When urine is collected 

in his/her bladder or he/she wants to empty his/her bowels, blood pressure 

rises suddenly and this can cause headaches, diaphoresis and the worsening 

of spasticity. Deterioration of these symptoms may cause a brain haemor-

rhage and create a critical condition for the person.

(5)   Impaired excretory function

Paralysis of the muscles used for egestion prevents a patient from regular 

egestion. Thus, laxatives and suppositories are used according to scheduled 

dates in order to empty the patient’s bowels, and a tube is inserted into the 
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bladder to discharge urine.

 Progressive disorders

Common progressive disorders involving motor-functional impairment are as 

described below.

(1)   Progressive muscular dystrophy

Malnutrition of muscular tissue weakens muscles and stops the whole body 

or upper and lower limbs from moving. It is a genetic disorder, and there is 

no eff ective treatment except prevention.

(2)   Duchenne muscular dystrophy

Most progressive muscular dystrophy belongs to this type, and the frequen-

cy of onset is very high. If it develops in early childhood, the patient will stop 

walking at around 10 years old, and he/she will be able to move about only 

in a sitting position or by using a wheelchair. Around age 15, the patient 

will have diffi  culty maintaining a sitting position, and a manual or electric 

wheelchair will be necessary for transferral. The muscles of the upper limbs 

also weaken; however, strength will be kept up to a certain level. The pa-

tient will survive until around 30 years of age today due to improvements of 

treatment with artifi cial respirators. Duchenne muscular dystrophy is a sex-

linked recessive genetic disorder, and thus it develops only among males.

(3)   Limb girdle muscular dystrophy

The muscles of the upper and lower limbs weaken and become thinner. 

Both males and females can be aff ected with this, and in many cases it de-

velops between the ages of 10 and 20, though some develop it as late as 

between the ages of 30 to 50. Muscle tissue weakens from the pelvicrural 

to the shoulder girdle muscles, or in the opposite direction, and amyo-

trophy develops. Muscle sudohypertrophy also develops sometimes. It 

develops slowly, and patients will have diffi  culty in walking within several 

years. Though the degree of seriousness or the speed of development var-

ies greatly depending on the person, generally the patients will have a high 

degree of functional impairment when they become middle aged or older.
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(4)   Facioscapulohumeral muscular dystrophy

This is an autosomal dominant inheritance disorder. It can develop some-

time between childhood and adulthood. The disorder develops first with 

amyotrophy and muscle loss in the face, shoulder girdle and brachial region, 

and then it develops in the pelvicrural muscle. The muscles of the pelvic 

girdle also weaken in later years. It develops very slowly, and so patients can 

live for a long time.

(5)   Spinocerebellar degeneration

Ataxy is a diagnostic of this disorder, and patients have diffi  culty with little 

movements. The nerve cells between the cerebellum and the brain stem, 

as well as the spinal cord, are destroyed or disappear. Patients’ bodies move 

sideways when they walk. The disease develops chronically, and when it 

becomes severe the patients must be confined to bed. The disorder was 

designated “a project for research into treatment for a specifi c disease” by 

the Health, Labour and Welfare Ministry in 1976.

(6)   Amyotrophic lateral sclerosis 

Symptoms of weakening or the thinning down of muscles develop in some 

parts of body, depending on the type of the disorder. Types of the disorder 

are categorised into: a type with weakness or stiff ness of hands or arms; a 

type with drop foot; and a type with diffi  culties of vocalization or speech, or 

the swallowing of food and drink. It develops in people between 40 and 50 

in many cases, and it develops more among men than women. It develops 

slowly, and almost all of the motor functions, except the muscles for eye 

movement or some others, will be destroyed. Many of the people aff ected 

need to have an artifi cial respirator because the respiratory muscles are pa-

ralysed. Half of the patients die 3 to 5 years after the outset of the disorder, 

and eff ective treatments have not been established yet.

 Cerebral paralysis

Brain damage received in the period between conception and 4 weeks after 

birth can cause palsy, paralysis or other nerve impairments. The diagnostic of 

this disorder is a condition in which the patients have abnormalities with their 
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muscles, and this prevents the patients from moving the muscles in their four 

limbs and body trunk.

The common types of this disorder are as described below.

(1)  Muscle-spasticity-type cerebral palsy 

Anchylosis of the four limbs is one of the diagnostics for this. The pattern is 

categorised in hemiplegia, paraplegia, quadriplegia and diplegia, depend-

ing on the region with impairment. As muscle tension accelerates, the arms 

and legs become too stiff  to move according to the will of the patient. Once 

body posture becomes off -balance, it is hard to regain the desired position. 

The degree of impairment can be categorised from slight to severe.

(2)  Athetoid-type cerebral palsy 

Patients have damage to the basal ganglia, and its diagnostic is involuntary 

movement. The body moves involuntarily. Muscle tension becomes both 

extremely high and low. Unexpected and unregulated movements are seen, 

such as sudden movement of the head or stiffness in the arms. Speech 

impairment is also found in many cases, and the impairment can be cat-

egorised from slight to severe. The number of patients with athetoid-type 

cerebral palsy accounts for a quarter of all patients with cerebral paralysis

(3)  Mixed-type cerebral paralysis

This is a type in which muscle-spasticity-type cerebral palsy and athetoid-

type cerebral palsy are mixed. Patients suff ering this type have diagnostics of 

anchylosis and unexpected movements, and they suff er from quadriplegia 

in many cases. The athetoid-type used to be common among this type, but 

the muscle-spasticity type has become more common in recent years due 

to advances in medical technology.

(4)  Ataxic-type cerebral paralysis

The cerebellum or the pathway of the cerebellum of patients is damaged, 

and the weakening of muscle tissue is one of the diagnostics for this. The 

muscle tension of the patients is low, and thus the patients often have dif-

fi culty with picking up objects, and their movements are often unstable.
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Amputees and  artifi cial parts of the body

 Amputees are people with disabilities of motor function because they have lost, 

or had amputated, part or all of their four limbs, as a result of injury, disorder or 

congenital malformation. There are many cases of upper-limb amputation. In 

a number of cases, patients with certain illnesses have upper limbs amputated 

because of bad blood circulation at the distal portion of extremities. After the 

amputation of legs or arms, the patients may feel as if the leg or arm still exists. 

This is called a “ phantom limb.”  Patients who have a phantom limb may move 

it intentionally. However, patients who cannot move the phantom limb some-

times feel strong pain in the region which does not actually exist, and this is 

known as “phantom limb pain.”

Figure 2-2 shows some replicated parts of the body. This replication helps 

patients to restore parts of body lost due to congenital causes, accidents or sick-

ness, without having an operation. This is diff erent from using artifi cial hands or 

legs, which focus on functionality. For example, the colour of the skin and the 

wrinkles of the users are replicated precisely, and the users can take a bath or 

go to a pool, for example, while wearing the replica or attaching it to their body. 

The material is made of durable silicon, which is especially developed for hu-

man use, and special make-up techniques are also applied to create the repli-

cas. The user feels no pain from wearing or attaching it to their body, and repairs 

are also possible.

Figure 2-2  Order-made artifi cial parts of a body (Kawamura Gishi)
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 Disuse syndrome

One part of disuse syndrome is decubitus, which was described earlier. This syn-

drome is related to a circulatory defi cit of the  skin. Decubitus is very often found 

among patients who use wheelchairs or who are confi ned to bed. The com-

mon causes of decubitus are: pressure (a defect in the body pressure balancing 

function, caused by a circulatory defi cit); moisture (diaphoresis, incontinence); 

rubbing; and internal causes (malnutrition, old age, swelling, sensory impair-

ment, depression of body-motion ability). Some of the factors coexist and cause 

decubitus to develop. The warm, humid climate in Japan is closely related to 

the country’s high incidence of decubitus.

Persons with  spinal-cord injuries can feel no pain in the region of paralysis.  

Moreover, when they are in wheelchairs, decubitus may develop because they 

cannot feel the pressure on the skin around the buttocks. Therefore, it is neces-

Figure 2-3  The regions where decubitus appears most commonly in the human 
body
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sary to lift the buttocks or to move the body sideways at least once every hour, 

in order to help the fl ow of blood to the skin around the buttocks. The regions 

where decubitus appears most commonly among persons with damage to the 

spinal cord are shown in Figure 2-3. These areas tend to have high pressure on 

the area between the bone and skin.

Nourishment, joint deformity and depression of motor ability can also bring 

on the condition of decubitus. Thus, the treatment of decubitus requires various 

approaches. The use of auxiliary tools can also help prevent decubitus from ap-

pearing.
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The history of the development of wheelchairs

The history of wheelchairs goes back a long way. Shown in Figure 3-1 is a pic-

ture of a bed with wheels which was used in Greece around 530 B.C., while 

shown in Figure 3-2 is a picture of a wheelchair with spokes which was drawn 

around 525 A.D. in China. The wheelchair depicted in Figure 3-2 is allegedly the 

C H A P T E R  T H R E E

 Wheelchairs and  barrier-free sidewalks

Figure 3-1  A picture of a bed with wheels painted on a vase
Source: http://www.wheelchairnet.org/wcn_wcu/slidelectures/sawatzky/wc_history.html
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oldest recorded image of a wheelchair. 

It is said that a chair with wheels (see Figure 3-3) was fi rst built when King 

Philip II of Spain became ill in Europe in 1595. The fi rst self-propelled wheelchair 

was designed by Stefan Farfl er, a clock-smith, in Germany around 1655 (see Fig-

ure 3-4). In the 18th century, components of wheelchairs were developed. Drive 

wheels were replaced with caster wheels and a removable foot plate was often 

equipped to a wheelchair. In addition, some wheelchairs were decorated with 

accessories to resemble furniture.

Figure 3-2  A picture of a wheelchair drawn on a slate
Source: http://www.wheelchairnet.org/wcn_wcu/slidelectures/sawatzky/wc_history.html

Figure 3-3  The wheelchair used by Philip II
Source: http://www.wheelchairnet.org/wcn_wcu/slidelectures/sawatzky/wc_history.html
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In the 19th century, chain-driven wheelchairs were designed. Light wheel-

chairs were produced at a cheaper cost, and it became more common for the 

occupants to control the wheelchair by themselves. In 1914, the fi rst ever fold-

ing wheelchair was built experimentally, and a powered wheelchair with a full 

weight of 135 kg was produced in 1915. Folding wheelchairs were commercial-

ised in 1933. Against such a background, wheelchairs were developed, and then 

they were mass-produced and widely used by the wounded veterans of World 

War II.

Around 1915, wheelchairs were imported from America and England to 

Japan. However, these wheelchairs did not fi t with the confi guration, style and 

size of Japanese houses. In addition, the imported wheelchairs were generally 

too big for Japanese people. Consequently, the production of wheelchairs be-

gan in Japan. The fi rst wheelchair made in Japan was called a “Kairin-jidousha”, 

which can be translated as “revolving auto-wheels”. It is said that this fi rst wheel-

chair was produced by a company which made rickshaws.

One of the oldest wheelchairs of which detailed records exist in Japan is 

a “wicker-work wheelchair” which was produced by Tojiro Kitajima in around 

1920. He was the founder of Kitajima Shokai which is now K&AI Corporation. 

After the war, Kitajima replaced the wicker part of the chair with cloth and he 

developed a three-wheeler wheelchair, which had two front wheels and a rear 

wheel which was driven by a chain. This wheelchair was called an “autokinetic 

car.” The autokinetic cars were mostly used in the Hakone Clinic for Disabled 

Figure 3-4  A wheelchair which was designed to be propelled by hand
Source: http://www.wheelchairnet.org/wcn_wcu/slidelectures/sawatzky/wc_history.html
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Veterans in Japan, which was the predecessor of the National Hospital Organi-

zation Hakone National Hospital. Because of this, the wheelchair has also been 

known as a “Hakone-style wheelchair” (see Figure 3-5).

In November, 1964, the Paralympics was held in Tokyo, Japan, and this fos-

tered a greater momentum in the production of wheelchairs. Study of wheel-

chairs started in full swing in medical and engineering circles. The outcomes of 

this study were put together as “a projection of wheelchairs for spinal-cord-in-

jury victims.” In 1971,  Japanese Industrial Standards (JIS) for manual wheelchairs 

were established, based on the projection (see section “ Electric wheelchairs and 

Japanese Industrial Standards” for more details). Since then, improvements have 

been made to materials and the modularisation of wheelchairs, and adjustable 

wheelchairs have also been developed.

The fi rst electric wheelchair in Japan was developed in 1968 by the Yaesu 

Rehabili Company, which was the biggest rehabilitation-device maker between 

1960 and 1970 in Japan. Thus, the history of the electric wheelchair is very short 

in Japan. Sophisticated electric wheelchairs have been imported from over-

seas to Japan, but the cost and other factors, which are described below, have 

prevented electric wheelchairs from being used widely in the country. Takashi 

Masuzawa (13) has pointed out that some factors are related to the exclusive 

characteristics of the Japanese market for welfare equipment. However, the Jap-

anese culture and lifestyle have had a bigger negative impact on the spread of 

Figure 3-5  The Hakone-style wheelchair
Source: K&AI Corporation
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imported wheelchairs in Japan. Masuzawa mentions that the Japanese climate 

is hot and humid, and therefore Japanese houses are built with high-fl oors. Fur-

thermore, Japan has a rainy season. Thus, Japanese people take off  their shoes 

when they enter houses and some buildings, in order to prevent dirt from be-

ing brought inside. This has created a clear line between the inside and outside 

in the minds of Japanese people. Traditionally, Japanese houses had no cor-

ridor, and the rooms or living spaces were divided by such as paper and folding 

screens. Since westernisation from the Meiji period (1868-1912) onwards, many 

western-style houses have been built. In such houses, rooms are divided by 

walls and people enter or leave the rooms through doors. However, houses are 

still built based on the units called “shaku” (1 shaku = about 30.3 cm) and “ken” (1 

ken = about 1.82 m) in Japan. Consequently, the general structure of Japanese 

houses is still very diff erent from America, Europe and other countries.

Under such circumstances, the use of imported wheelchairs is diffi  cult for 

Japanese people.

 Design and  product confi guration

The design concept of  manual wheelchairs is very diff erent between Japanese 

and Western products, and their product confi guration also diff ers a great deal. 

Generally, Japanese wheelchairs are built by means of weld assembly. As a re-

sult, once the wheelchair is built, repairs and adjustments of, for example, the 

width or depth of the seat or the height of the armrests are diffi  cult to manage. 

In contrast, module-model wheelchairs are common among western wheel-

chairs. The body frame, wheels, seats and other components are standardised 

in accordance with a common design concept. Therefore, the recombination of 

components of a wheelchair can be done freely, and accordingly, the variation 

of sizes, colours and models is abundant. Even after the completion of assem-

bly, adjustments or changes of components are possible for each wheelchair 

in accordance with each user’s body size and level of disability, and also with 

wear and failure of components and other factors. However, the familiarisation 

of module-model wheelchairs in Japan demands the training of specialists and 

engineers who have both specialized knowledge and skills as required, accord-
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ing to a study of the welfare systems in foreign countries conducted by  JETRO 

(Japan External Trade Organization) (14).

Regarding  electric wheelchairs, Japanese electric wheelchairs (with a  joystick 

steering control) afford no structural adjustment, and the range of program-

settings of steering and speed control is limited. In contrast, western electric 

wheelchairs aff ord detailed confi gurations of programs, and the confi gurations 

and adjustments are flexible in accordance with the level of disability, body 

strength and other needs of the users.

The body size and gender of users are key points in designing a manoeuvr-

ing device for wheelchairs. For example, the position and size of the manoeuvr-

ing device are generally determined based on a mean value of people’s size. 

However, if the decision is made based only on the mean value, some people, 

such as people with longer or shorter arms than normal, usually fi nd it diffi  cult 

to operate their wheelchairs comfortably. The design of seats for wheelchairs is 

another example. The seats of wheelchairs are designed to hold and keep the 

body trunk of the occupant in an upright position. Thus, if the body of the oc-

cupant moves every time that he/she controls the wheelchair, then the design 

specifi cally made to keep the body trunk in its upright position loses its positive 

eff ect.

In addition, women are generally shorter than men, but wheelchairs are 

usually designed based on a mean value which is calculated using the total 

number of men and women. When sitting on a wheelchair with a high-back-

 seat, the body trunk of the occupant is likely to drop forward. Moreover, elderly 

female people in Japan are often very small and they fi nd the depth of seat is 

too deep for them. In such a case, the occupant is highly likely to suff er from 

thoracic kyphosis. In addition, according to T. Hettinger (15), muscle power 

reaches 100 % at the ages of 25-35 and then power declines to only 75-85 % at 

ages of 50-60, regardless of gender.

Models and confi gurations of  wheelchairs

A legal act for “the research development and the promotion of improvements 

for welfare equipment” was implemented in 1993 in Japan. It states that the 
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purpose of a wheelchair is to compensate the partial loss of the body or func-

tional impairments of persons with disabilities. Wheelchairs are categorised as 

adaptive equipment, which is a general title for equipment that is used to ease 

the daily and occupational lives of persons with disabilities. Wheelchairs are 

then divided into manual and electric wheelchairs. A variety of wheelchairs are 

thus being produced today in Japan. According to the standards supplied by 

the  Physically Disabled Persons Welfare Act, wheelchairs are classifi ed as shown 

in Table 3-1.

The type of a wheelchair is determined by the user according to the level of 

his/her disability or disabilities. Furthermore, wheelchairs are classifi ed as ready-

made models, order-made models and module-models. Figure 3-6 shows the 

names for parts of a wheelchair.

(1)   Ready-made models 

Since mass-production of wheelchairs began, steel-made wheelchairs have 

been sold at low prices even in hardware stores and on the Internet, and 

Table 3-1  Classifi cation of wheelchairs

 Manual wheelchair

Basic model
Reclining-model

Manual lift-model 

Front drive-wheel model Reclining-model

One-hand-drive model Reclining model

Manual chain-drive model
Reclining model

Lever-drive model

Hand-push model Reclining model

 Electric wheelchair

Regular model (4.5) km/h

Regular model (6.0) km/h

Reclining-model

Electric reclining-model

Electric lift-model
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recently it has been possible to buy even aluminium-made wheelchairs at 

relatively low prices. Steel-made wheelchairs are high in strength, but they 

are heavier, as some steel-made wheelchairs weigh over 20 kg, while the 

net weight of an aluminium-made wheelchair is often less than 10 kg. This 

weight makes it diffi  cult for the disabled to transfer a steel-made wheelchair 

into a car. In addition, choosing the right wheelchair is diffi  cult, especially 

for persons with severe physical impairments and whose body trunks are 

deformed. In the case of ready-made model wheelchairs, the sizes are pre-

determined and adjustability is very limited.

(2)   Order-made models 

Order-made model wheelchairs are produced in accordance with, for ex-

ample, the size of the body, the range of motion of the four limbs and the 

intended purpose of the occupant. Though the price tends to be high and 

a long period of time is required before the fi nished wheelchair is delivered, 

the resulting chair fi ts the user’s body very well. However, there are limits to 

the adjusting mechanism, and thus, if the body structure or symptoms of 

the users are expected to change over time, a module-model wheelchair 

is usually more suitable. It is wise to receive advice from  physical therapists 

and occupational therapists over this.

Figure 3-6  Names for parts of a   wheelchair

Arm rest

Seat

Leg rest

Foot rest

Grip

Back rest

Drive wheel

Handrim

Tipping lever

Break

Caster
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(3)   Module-models (semi order-made models)

A module-model wheelchair is assembled with components which are se-

lected by the user based on the user’s body size and wishes. Almost all of 

the components are assembled with bolts, and it is easier to make adjust-

ments if, or when, the body size of the user changes, or if some medical con-

dition causes, for example, a stiff ening or deformation of the user’s skeleton. 

However, this model is lower in strength compared to the models without 

adjustment mechanisms.

 Hand rims and  wheels
Hand rims are wheels which are attached to the outside of the drive wheels on 

a wheelchair and they are slightly smaller than the drive wheels. When the hand 

rims are rolled forward, the wheelchair moves forward, and when they are rolled 

backward, the wheelchair moves backward. When one hand rim is rolled, the 

wheelchair turns around in a direction opposite from the direction in which the 

hand rim was rolled.

The shape and cross-sectional surface of a hand rim varies depending on 

the maker, and the standard hand rim is a circular tube. The materials also vary, 

and they include aluminium, titanium and plastics. Hand rims are often very 

thin, and people who have a disability with their hands fi nd it diffi  cult to  grip 

them. According to Bengt Engström (16), when hand rims are too thin, the user 

is likely to grip the rim together with the tire (the drive wheel), and this will in-

crease the risk of his/her hand or fi ngers getting injured. Thus, a hand rim with a 

minimum of 2.5 cm in diameter is ideal for a better grip. In addition, the surface 

of the hand rim should not be too slippery, but a hand rim with a no-skid sole 

may cause burns to the hands of the user when they stop the wheelchair sud-

denly. Anti-slip gloves can increase the friction between hand rim and hand, 

and it can also protect the user’s hands. Rolling a wheelchair can damage the 

user’s hands and fi ngers, especially the thumbs. Abrasion, sprains of joints and 

blisters on the palms are very common among wheelchair users.

The drive wheels are placed at both sides of the frame of a wheelchair. The 

wheels used for basic wheelchairs are generally similar to the wheels of bicycles. 

The size of a wheel for a basic,  manual wheelchair is about 22-25-inches in di-
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ameter. The wheelchair moves forwards or backwards when the occupant grips 

and rolls the hand rims. The wheelchair can make a right turn, a left turn and 

half-turns by rolling one wheel. Some wheelchairs are designed and built for a 

caregiver to control them. Such wheelchairs are built with no hand rims, and 

the drive wheels are smaller than the wheels of manual wheelchairs. The size 

is then around 12-16-inches in diameter. There are two types of tires. One is a 

pneumatic tire, and the other is called a solid tire, which is made without a hol-

low portion. The advantage of solid tires is that they do not puncture. However, 

they do not absorb the vibrations of the wheelchair, and thus they are better 

for the sort of wheelchairs which are used generally on fl at surfaces, such as in 

public and commercial facilities.

The most common type of wheel is a wire-spoke wheel, which is similar to 

a bicycle wheel, and some wheels are made of carbon materials for weight-

saving. Design also varies; some are very sporty and some are even made with 

illustrations. Figure 3-7 shows a wheel covered with a hub cap in order to pre-

vent the fi ngers from getting caught in the spokes.

 Casters are usually used as front tires, and they are usually located near the 

foot support. The solid-rubber tire is a basic type of caster, while some are semi- 

or full pneumatic tires with a large and wide diameter, with suspension which 

provides shock absorption, quietness and a high-ground covering ability. How-

ever, tires made with a large diameter have a negative impact on the turning 

Figure 3-7  A wheel with an illustrated hub cap for children (OX Engineering)
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performance of a wheelchair.

 Seat and  backrests
The sitting posture on a wheelchair causes pressure concentration on the but-

tocks of the occupant, and this increases the chances of pressure sores devel-

oping. Thus, a seat with a high performance in relieving pressure is ideal. A seat 

with a good performance in this area can help the occupant maintain a good 

posture and high stability. For example, when using a manual wheelchair, the 

occupant requires back and forth movements of the upper body in addition to 

the motion of rolling the drive wheels with his/her upper limbs. Therefore, it is 

important that the buttocks of the user are properly supported. Basic  seats are 

covered with cloth and secured to the frame of wheelchairs by rivets or screws, 

while some are attached with hooks and loop fasteners to increase removabil-

ity. The cushion on the seat must be ideal for a long-distance ride. A relatively 

fi rm seat can help in reducing the fatigue of the user.

Figure 3-8 shows air cushions which can provide a fl otation eff ect, and their 

pressure dispersion eff ect can prevent pressure sores from developing. Figure 

3-8 (a) is a cushion made of 50 large and small air blocks. Medical silicon-blocks 

at the top layer of the cushion moderate the increase of body temperature of 

the occupant, and they absorb vibrations and shocks to the wheelchair while 

reducing the fatigue of the occupant. The slits in every direction suppress the 

 (b) Yokohama Rubber

Figure 3-8  Cushions on wheelchairs

(a) Yuba Industrial
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transverse repelling force, and this in turn will reduce the risk of developing 

decubitus. Moreover, the adjustability of air capacity in the cushion helps the 

occupant maintain a stable sitting posture. The cushion shown in Figure 3-8 (b) 

has an automatic computer control of air capacity, and this helps adjustment of 

any list in the body trunk of the occupant.

Backrests have two types. One is a fi xed-type, of which the angle between 

the backrest and seat is not adjustable. The other is a reclining-type, and it 

is possible to tilt it in a backwards direction. A cloth sheet is often used as a 

backrest and it is normally fi xed to the frame of a wheelchair. The thickness and 

the material of the cloth can usually be arranged according to the progress of 

the occupant’s symptoms and body disfi gurement. The height of the backrest 

can aff ect the user’s movements when he/she rolls the hand rims of a manual 

wheelchair, and thus the highest point of the backrest is often set at around the 

lowest part of the user’s shoulder blades.

In order to ensure the user’s ability to move the upper body and both  arms, 

some backrests are made short and they only support the hips.

 Armrests and  footrests
Figure 3-9 shows an armrest on which the occupant can rest his/her elbow and 

can still keep the balance of a sitting posture. Armrests come in fi xed-, remov-

able- and double-swing-styles. The double-swing-style is useful when the occu-

pant transfers from a wheelchair to a bed, and the height of the armrest is best 

Figure 3-9  A fi xed-style armrest
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when the occupant can bend his/her elbow slightly. Armrests are also impor-

tant for reducing pressure on the buttocks and thighs.

If the occupant needs to use his/her elbows constantly to support their 

body, choosing the right height and material of the armrests can also help in 

reducing pain on the elbows. According to some reports, 80 % of wheelchair 

users experience discomfort with their armrests (17). Inadequate armrests may 

cause, for example, a hunched position, excess elevation of the scapular arch, 

and pains and muscle fatigue. Basic armrests are fixed to the panels or the 

frame of the backrest of a wheelchair, while fl ip-up or other mechanisms similar 

to footrests are adapted to armrests in order to aff ord the occupant better entry 

to and exit from the wheelchair.

Footrests hold the foot of the occupant of a  wheelchair, and usually the 

footrests are designed to be pivoted away from the centre line and folded up in 

order to help the occupant with entry to and exit from the wheelchair (Figure 

3-10). If the soles of the feet are not placed properly on footrests, the position of 

lower limbs or lower thighs becomes unstable or the toes may be caught be-

tween the footrests. These situations can cause injury to the occupant.

The incorrect position of a footrest can cause leg malformation or other sec-

ondary disabilities to the occupant. Furthermore, the distance between the seat 

and footrests is a key factor in whether a comfortable sitting position is possible 

for the occupant. When the distance is set so that the back of the thighs lightly 

touches the surface of the seat, the body weight of the occupant can be well 

Figure 3-10  Footrests, with one footrest pivoted upward
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supported by his/her buttocks, thighs and soles.

 Brake and  grips
A brake-system is installed on basic  wheelchairs, and usually a brake is equipped 

on each drive wheel of a wheelchair. There are basically two brake-systems for 

wheelchairs: the lever brake-system (see Figure 3-11) and the link brake-system. 

The lever brake-system is simpler mechanically, but it needs more power for 

braking a wheelchair. Generally, the brake mechanism becomes eff ective when 

pressure is put on the drive wheels directly. When a wheelchair is equipped 

with pneumatic tires, the amount of air inside the tires can have an impact on 

the effi  cacy of the brakes. In addition, other factors such as road conditions or 

the timing of putting on the brake can have an impact on brake effi  cacy.

Figure 3-11  A lever brake-system

Figure 3-12  A grip with a brake
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Grips are installed behind the backrest, and these are generally used by 

wheelchair helpers. The height, location and strength of the grips are important, 

as grips are used when helpers provide special assistance to wheelchair users, 

for example, on slopes, uneven surfaces and stairs. The correct grips can prevent 

the physical burden of helpers from being unnecessarily increased. As shown in 

Figure 3-12, a brake is installed together with grips on some wheelchairs.

 Frame and  tipping lever
The frame of a wheelchair is mainly made of steel, aluminium, titanium or stain-

less steel. A frame made of steel is the heaviest among the frames made of 

these materials, and a basic wheelchair made of steel weighs 17-20 kg, while an 

aluminium-made wheelchair weighs 12-14 kg. A basic wheelchair made of tita-

nium weighs around 10 kg. Steel is generally cheap and strong, and thus steel-

made wheelchairs are widely used in hospitals and facilities for elderly people. 

High-priced wheelchairs are often made of titanium, which is light and strong. 

Carbon is also used for high-priced wheelchairs, since carbon is light and it has 

a high vibration-absorbency quality as well. In recent years, low-priced wheel-

chairs made of steel and aluminium have been imported from Korea, Taiwan, 

China and other Asian countries into Japan.

A tipping lever is used when wheelchair helpers push a wheelchair to 

mount uneven surfaces. When the lever shown in Figure 3-13 is pressed by the 

foot (which is used to apply the principle of leverage), the casters of the wheel-

Figure 3-13  A tipping lever
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chair are lifted high enough to mount uneven surfaces. Some wheelchairs are 

built with a shorter lever, or with no tipping lever, in order to improve the de-

sign.

Engström summarised the dangerous parts of a wheelchair and the areas 

and types of injuries which may be suff ered by the occupants of wheelchairs, 

and this is shown in Table 3-2.  

 Electric wheelchairs and  Japanese Industrial Standards

Electric wheelchairs in Japan are mainly divided into two groups: a joystick-type 

(a self-operating standard-type) and a mobility scooter-type (a self-steering 

handle-type). The users of electric wheelchairs with  joysticks are often those 

people who have impairments with their lower and upper limbs, and these 

impairments prevent them from operating a manual wheelchair. Many of these 

people suff er from injury of the spinal cord, muscular dystrophy or other gener-

alized disabilities. Transport is essential for persons with disabilities when they 

participate in society, and thus electric wheelchairs play an extremely important 

role among persons with severe physical disabilities. For people with congenital 

Table 3-2  The dangerous places and the types of  injuries

Dangerous parts Area of injury How injury occurs

Armrest plate Thumb A thumb is caught between a tire and an armrest plate.

Dust guard Thumb
A thumb is caught at the sharp corner between a tire 

and a dust guard.

Brake Thumb A thumb gets caught between a tire and the brake.

Handrim and wheel Thumb A thumb gets caught while propelling the wheels.

Handrim hanger Finger

Fingers get injured by the thin and sharp hand rim 

hanger when the user is slowing the speed of wheel-

chair.

Spoke Finger
A fi nger gets caught between spokes and the wheel. A 

spoke guard can prevent the injury.

Tire Thumb A thumb gets injured by touching a tire.
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disabilities especially, electric wheelchairs are usually an important means of ac-

tive transport.

The users of electric wheelchairs with joysticks operate the wheelchair by 

controlling the joystick (see Figure 3-14). Similarly to manual wheelchairs, the 

chair rolls in accordance with the diff erence of rotation frequency among the 

two drive wheels which are installed at both sides of the chair. Some electric 

wheelchairs with joysticks have a power-steering function which is powered by 

an electric motor. This function permits the users to make turns when they con-

trol the directions of movement of the front casters directly. Moreover, a middle-

wheel drive system has been newly developed and it has improved the turning 

performance of the wheelchair. The drive wheels are located right under the 

occupant in this system, and the chair rotates around the occupant when he/

she tries to change direction. This creates a smooth and natural turning of the 

wheelchair. Incidentally, according to the  Japanese Road Traffi  c Law, the speed 

limit for wheelchairs is 6 km/h or less, and basically the same conditions as for 

pedestrians are applied to the users of wheelchairs.

A mobility scooter is a single-passenger electric vehicle with three or four 

wheels (see Figure 3-15). The mobility scooter was originally developed for el-

derly people, and thus it is often called a “ senior car.” Driving a mobility scooter 

requires no driving license and operation is relatively easy. Therefore, it has 

become very popular among elderly people who experience difficulties in 

Figure 3-14  An electric wheelchair with a joystick (Imasen Engineering)
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walking. According to the  Road Traffi  c Act in Japan, mobility scooters are also 

regarded as equal to pedestrians. Therefore, mobility scooters must be driven 

on sidewalks.

 Japanese Industrial Standards (JIS) is one of the collections of national stan-

dards in Japan. JIS was enacted based on Industrial Standardization (established 

in Japan in 1949) with the purpose of promoting Japanese industrial standardi-

sation. Regarding wheelchairs, JIS specifi es the degree of strength and opera-

tion performances required when wheelchairs are driven and parked. In May of 

2008, the JIS Certifi cation Bodies Association was established in order to exam-

ine the quality of products as one way to deal with an ageing society, and also 

to ensure the safety and comfort of people generally. Since then, manufacturers 

of wheelchairs can put a JIS mark on both manual and electric wheelchairs after 

their products have been certifi ed by the JIS Certifi cation Bodies Association 

(JISCBA). Usually, the JIS mark on wheelchairs is coupled with a mark (see Fig-

Figure 3-16  JIS mark with additional welfare tool mark

Figure 3-15  A mobility scooter (Suzuki Motor)
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ure 3-16) which indicates that it is a welfare tool. The same system is applied to 

other products, including home-care beds, and products with the welfare mark 

are exempt from consumption tax. In 1992, the TS (traffi  c safety) mark (see Fig-

ure 3-17) was also introduced in Japan. The mark is attached to products which 

have satisfi ed the standards specifi ed by the Road Traffi  c Act and have been 

certifi ed by the National Public Safety Commission (of Japan) for its model code.

 

Sidewalks

Basic confi guration
As a general rule, sidewalks should aff ord safe and smooth transport circum-

stances to all pedestrians, including wheelchair users, elderly citizens and 

persons with visual impairments. The following are the basic rules used when 

sidewalks are constructed in Japan.

(1) The valid width of a sidewalk should be 2 m or more, and the width should 

be 3 m or more for a sidewalk designed to be used by both bicycles and 

pedestrians. The width has to be the same all the way from the beginning to 

the end of the sidewalk.

(2) In principle, the sidewalks have to be permeable.

(3) Sidewalks are, in principle, built with 5 % or less longitudinal gradient, and 2 

% or less transverse gradient (it is 1 % or less in the case of permeable side-

walks).

(4) Each sidewalk is to be marked off  by curb-stone in order to secure the safety 

of persons with visual impairments.

Figure 3-17  TS mark
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(5) The height of the  curb-stone must be 15 cm or more, and any planting 

zone, line of trees or fence should be set up on the boundary between the 

street and sidewalk if it is required.

(6) The surface of a sidewalk should be 5 cm off  the ground generally. How-

ever, the height is to be determined by taking account of the neighbouring 

circumstances and conditions, such as adjoining houses which use certain 

portions of sidewalks when cars drive into or out of the dwellings.

(7) When sidewalks are connected to a pedestrian crossing, the face of the side-

walks should in principle be 2 cm off  the ground.

Maintenance and improvement of  sidewalks and  super-elevation
Flattening of the surfaces of sidewalks is a key concern when any sidewalk is 

improved, so that it becomes a barrier-free zone. Currently, when sidewalks 

are constructed, slopes are purposefully built on some sections of sidewalks in 

Japan. This is to help the entry and exit of cars belonging to adjoining houses, 

which drive over a certain section of a sidewalk every day. This circumstance 

has created the “rolling” phenomenon of sidewalks, where diff erent heights and 

gradients on the surface of sidewalks occur almost alternatively. Sidewalks un-

der such conditions are one of the many serious risk factors for wheelchair us-

ers, as this prevents them from stable driving. Improvement should urgently be 

made to sidewalks in such a condition. Furthermore, another important task for 

improving and maintaining road conditions is the reduction of the diff erence in 

Figure 3-18  Rolling of sidewalks
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the level of surfaces between pedestrian crossings and streets. The diff erence in 

level between pedestrian crossings and streets should be minimised, and the 

safe as well as stable usability of sidewalks and streets should be created, as it is 

a basic concern when a barrier-free environment is created or improved. Barrier-

free circumstances which are created and improved due to such considerations 

may aff ord stable travel to wheelchair users, and this may reduce their physical 

burden.

However, if sidewalks are improved by eliminating the rolling phenomenon 

but a transverse gradient remains as a countermeasure for rainwater drainage, 

then the condition of the sidewalks still remains in a state where the physical 

burden on wheelchair users cannot be reduced. According to a study conduct-

ed by the author, a transverse gradient causes wheelchairs to move to one side, 

and consequently the occupant of the wheelchair must constantly make an ef-

fort to keep the wheelchair straight. This eff ort increases the physical burden on 

the wheelchair occupant. The burden increases signifi cantly when a wheelchair 

is going downhill on a transversely-graded sidewalk. This happens because the 

longitudinal gradient and the transverse gradient increase the physical burden 

on the occupant, and the burden then affects his/her  heart rate. Even if the 

burden is on only one part of the body, it still aff ects the physical condition of 

the occupant while he/she is operating a wheelchair. Traffic facilities are ac-

cessed and used by people with various kinds of impairments. Therefore, when 

decisions are made on the creation of well-considered and well-balanced traffi  c 

facilities, those decisions should be made in accordance with a good under-

standing of the evaluations and examinations conducted on the behavioural 

characteristics of persons with impairments.

 Barrier-free access and  evaluation approaches
Today’s  barrier-free programs are implemented for the development of public 

facilities and other circumjacent facilities. However, the programs are developed 

as one of the goals for improving the entire range of traffi  c facilities. Unfortu-

nately, planning methods needed for creating barrier-free environments are 

still swayed by fi nancial limitations, orders of priority and planning stages, and 

even the methods employed for conducting evaluations remain unclear when 
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it comes to a barrier-free environment.

When evaluations are made of barrier-free facilities, for example, those 

evaluations must be made of the facilities themselves, along with technology, 

economy, amenity and other issues. Then, a comprehensive evaluation based 

on these categories can be made and reported. In addition, the cost benefi t 

is evaluated and survey researches are conducted and studied. However, very 

few evaluations are made based on surveys conducted among the users of 

barrier-free facilities. Not only pursuing eff ectiveness and effi  ciency, but how to 

interface between vehicles and people and how to evaluate the environment 

around people are also matters of concern when road infra-structure is to be 

improved. When barrier-free circumstances are created, the characteristics of 

persons with impairments, their wheelchairs and other devices for assistance 

have to be taken into consideration. Furthermore, eff orts have to be made on 

reducing the physical burdens of those people who make access to and use 

such facilities, and evaluations and judgements have to be made concerning 

the degree of psychological comfort which is felt by the users.

 Uneven surfaces and  gradients 
Generally, certain diff erences of level are created intentionally on the border-

line between sidewalks and streets. Such diff erences help, for example, persons 

with  visual impairments to distinguish the sidewalk from the street. In present-

day Japan, the standard diff erence in level between a sidewalk and a street is 

set as 2 cm, according to the “ Guidelines for maintenance and improvements 

of the easier accessibility and usability of transportation infrastructure” which 

has been set up, based on the  Barrier-free Transportation Act (18). However, 

the structure of the outside edge of sidewalks and streets is to be studied and 

determined. This is to be based on the evaluations and results concluded from 

efforts to understand the behavioural characteristics of people who include 

wheelchair users, persons with visual impairment and elderly people, as well as 

of the architecture of sidewalk edges of streets.

Differences in level are found not only on  sidewalks. The differences are 

found basically everywhere inside and outside of buildings, and some improve-

ments have been made to create circumstances in which wheelchair users feel 
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less inconvenience. However, such progress is still being made at a snail’s pace. 

For example, people sometimes fi nd the entrances of buildings are designed 

with stairs that are high off  the ground, even though the inside of the building 

is designed with the concept of barrier-free access.

In inner-city areas, safe and smooth transportation by, for example, wheel-

chairs, has become easier to a certain extent. However, there are still very many 

problems in suburbs and on residential streets. Topographically, there is less fl at 

land and more pitched and uneven areas in Japan than average, and there are 

many areas which wheelchair users cannot drive through without the help of 

other people. Building ramps are one of the common ways to eliminate a dif-

ference in level on roads. However, creating ramps requires a big piece of land 

on each occasion. For instance, a road surface which is 1 m off  the ground will 

need at least 7-12 m length on the bottom surface for the creation of a ramp. 

If there is not adequate space for building a ramp, a stair lift, such as the type 

shown in Figure 3-19, is an eff ective way to eliminate diff erences in levels. Stair 

lifts can be used as stairs, and when wheelchairs drive onto them, they can be 

transformed from stairs to a fl at surface. It is possible to make the handrails and 

stair treads of wood for home use.

 Road surfaces of  sidewalks
Sidewalks require regular maintenance in order to prevent their slow dete-

rioration. For example, if a sidewalk is provided with no regular maintenance, 

Figure 3-19  A stair lift (Koyo Engineering)
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raindrops will collect in the  concave-convex surface of the sidewalk (see Figure 

3-20), and this becomes an obstacle for wheelchair users and other persons 

with difficulties. Moreover, on sidewalks which are coated with  interlocking 

blocks, if or when the blocks become depleted, the joints create depressions 

and this creates diffi  culties, especially for wheelchair users and persons with vi-

sual impairment (see Figure 3-21).

 Sidewalks are paved according to various methods and three representative 

examples are as follows:

(1)   Asphalt pavement

An asphalt mixture is the most common material for pavements in Japan. 

The mixture is used for both streets and sidewalks. In addition, an asphalt 

Figure 3-20  A  puddle of water made in the depression on a sidewalk

Figure 3-21  The concave-convex surface of interlocking blocks
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mixture is sometimes used as a permeable pavement. An asphalt pavement 

is resilient, and when the pavement requires repairs, only a short time is 

required before the pavement is placed in service again. However, if one of 

the advantages of asphalt pavements is that they are easy to repair, then the 

disadvantage is the fact that they are easily deformed under high-tempera-

ture conditions, such as in summer.

(2)   Concrete pavement

Cement-concrete is the main material for concrete pavements and it is used 

for both streets and sidewalks. A concrete pavement is hard and not easy to 

break. It also has the quality of lasting for a long time, as well as good heat 

tolerance. However, compared to asphalt pavements, concrete pavements 

are easier to break and a longer time is required for repairs.

(3)   Block pavement

A block pavement uses a variety of materials, and local repairs are easy to 

do, while excellent colours and designs are available. Construction of a block 

pavement, however, requires a long period of time and a greater labour 

supply. Furthermore, such a pavement is weak under a heavy concentrated 

load, and such loads often cause mounding and concaving of the blocks.

Shown in Figure 3-22 is the  grating cover of a  drain ditch. The conventional 

grating covers in Japan have grid-like holes, and each hole has a size of 1 cm or 

more for a better drainage performance. However, the size of the holes were big 

Figure 3-22  Clogged grating holes with fallen leaves
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enough to create problems for people who use wheelchairs or walking sticks, as 

the holes catch the bottom part of a wheel or the end of a stick. Consequently, 

to prevent wheels from falling into the holes, the grating covers have been re-

placed with covers with smaller grid-like holes, the size of which has become 

less than 1 cm. However, stones, fallen leaves and dirt collect easily on the holes 

and this has created diffi  culties in the maintenance of grating covers.

 Footsteps and  slopes

Many  station buildings are installed with elevators in present-day Japan, and 

most of the elevators are designed to help people be brought up and down 

directly between the ground fl oor and the ticket barrier. Shown in Figure 3-23 

(a) is a wheelchair climber. This chair basically can ascend or descend any stairs. 

A sensor system is installed to the wheelchair climber, and the sensor detects 

and checks lean and other conditions required for ascending or descending, for 

example, stairs. Shown in Figure 3-23 (b) is an electrically-controlled wheelchair 

climber. Two wheels and two robot-arms are activated in alternate shifts, and 

the wheelchair ascends and descends stairs similar to a person walking. The 

drive section is unifi ed with the wheelchair, and it saves the trouble of removing 

or installing a drive section.

Building ramps is one of way to eliminate diff erences in level on the ground. 

Figure 3-23  Wheelchair climbers

(a) TS Technology (b) Nabtesco



Chapter 3  Wheelchairs and barrier-free sidewalks

65

In Japan, the gradient ratio of “ramps which are an alternative to stairs” is stipu-

lated as 12 % or less in Article 25 of the  Order for Enforcement of the Building 

Standards Act. However, this degree can cause physical diffi  culties for the us-

ers of manual wheelchairs. The gradient ratios of ramps are to be 8 % or less 

for interiors and 5 % or less for exteriors, according to the New Barrier-free Act. 

However, in cases where the diff erence in level is 50 cm or less, the gradient ra-

tio can be reduced. The centre of gravity of a wheelchair is high, and thus there 

is the danger of a wheelchair falling backwards if the gradient of ramps is sharp. 

The ideal gradient ratio is 5 % or less. Even with that gradient ratio, the occu-

pants of wheelchairs will fi nd that they need to have strong arms and a large 

capacity for endurance as the ramps get longer, while ordinary pedestrians fi nd 

them relatively gradual. If a landing is not built on a ramp and if the occupants 

of wheelchair stop moving because they are tired, it is quite dangerous as the 

wheelchair reverses unless the brake is put on properly. As shown in Figure 

3-24, landings are needed to be built so that the occupant can take an occa-

sional rest.

The bigger the  gradient ratio becomes, the stronger the muscle activity 

which is required when the occupant needs to grab or hold the  hand rims of 

the wheels. If the gripping force on the hand rims is weak, wheelchairs tend 

to move downwards on upward ramps. In such a case as Figure 3-25, the oc-

cupant has to operate the wheelchair with the head bent forward constantly, 

and this makes the occupant feel more fatigue in the shoulders, arms and 

Figure 3-24  Flat area on a  ramp
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fi ngers (19). When the occupant is in such a bent posture, he/she will have dif-

fi culty of reaching out to the hand rims, and this causes his/her elbows and up-

per arms to move upwards and sideways. This unnatural  posture causes fatigue 

in his/her shoulders, arms, fi ngers and other parts of the body.

Figure 3-25  The diff erence in distance of movement of parts of the body in vari-
ous gradient ratios on ramps
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The environment for driving  cars

The acquisition of a  driver’s license by persons with physical disabilities was le-

galised in 1960 under Article 88 of the  Road Traffi  c Law, and this allows persons 

with impairments to their upper limbs to obtain a driver’s license. In the case 

where the  driver of a car is a person with severe disabilities in their four limbs 

or body trunk, which creates disadvantages in driving, there is a condition re-

quiring the installation of driver-assist devices in accordance with the degree 

of impairment (20). In November 2000, the  Barrier-free Transportation Act was 

implemented as an act for public transportation accessibility and usability by 

the elderly and physically disabled persons. In modern Japan, as a social issue, 

great attention has been drawn to plans and practices for making the roads and 

facilities barrier-free zones as part of an eff ort to support the independence of 

persons with physical disabilities. According to a report proposed by the Japa-

nese police in 2011 (21), 251,686 persons with physical disabilities were granted a 

driver’s licence with some conditions. Of this total, 39,683 people were supplied 

with a licence under the condition of driving with an acoustic aid, 4,089 under 

the condition of driving with an artifi cial arm or leg and 207,416 under the con-

dition of driving cars modifi ed specially for persons with physical disabilities.

Almost all wheelchair users find that cars are a highly-convenient trans-

portation means in comparison to trains, buses and other public forms of the 

C H A P T E R  F O U R

Wheelchair users and cars
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transportation system. Cars can usually provide these people with “door-to-door” 

transportation. The drivers of cars do not need to consider or worry about using 

steps and sloping roads, or facing certain obstacles which they often encounter 

when they are travelling by wheelchair. They are more likely to use cars than 

public transportation if it is possible. Therefore, cars are an important transporta-

tion means for persons with physical disabilities in order for them to participate 

in society independently. However, as J. F. Dols et al. (22) and P. Kember (23) have 

pointed out, the system of operation and environment for using cars do not al-

low for the physical impairments of persons with disabilities, even if their cars 

are remodelled especially for them. The transportation environment of roads 

is usually designed based on the assumption that they will be used by healthy 

people, and almost no consideration is given to ensuring an ergonomically safe 

and comfortable transportation environment for the disabled. For instance, 

the provision of road signs or other information is generally targeted at healthy 

people, and the main purpose of the signs and similar information is to help 

healthy drivers to drive safely and minimise risk. In the current situation, there is 

no consideration of safety and risk management developed in accordance with 

the needs of persons with physical disabilities in Japan.

In America, a membership-based club, the  American Automobile Associa-

tion (AAA), was established in 1902. Since then, the AAA has made all-round 

eff orts in securing road safety and they have also published the Handicapped 

Driver’s Mobility Guide. In addition, the AAA provides a lot of support which is 

benefi cial to persons with physical disabilities. The support provided by the AAA 

include the tasks of selecting cars and factories, installing driving-assist devices 

and their maintenance, providing education and introducing insurance policies 

necessary for driving cars. The main companies and organisations which are 

involved with AAA activities are: major auto companies, assist-device manufac-

turers, driving schools, the United States Department of Veterans Aff airs, the So-

ciety of Automotive Engineers, the Rehabilitation Engineering Association, the 

Association of Driving Educators for the Disabled, and the American Driver and 

Traffi  c Safety Education Association. A large number of activities are conducted 

literally by joint initiatives between public and private sectors.
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Acquisition of a  driver’s license by persons with  physical disabilities

In Japan, attending a  driving school is compulsory for the acquisition of a driv-

er’s license, and the same system applies to persons with physical disabilities. 

However, persons with physical disabilities are required to have a preliminary 

interview with personnel who conduct an official consultation and audition. 

The consultation and audition are conducted at the Driver’s Licence Centre and 

the Driver and Vehicle Licensing Centre. Persons with physical disabilities are 

expected to take an aptitude test to determine whether they have reasons for 

disqualifi cation, as stipulated by Article 88 of the  Road Traffi  c Law. Disqualifi ca-

tion is applied to persons with the illnesses described below.

(1) Persons who suff er psychological illness, intellectual disabilities, epilepsy, a 

severe visual impairment or are orally-challenged.

(2) Persons with physical disabilities which are specifi ed by the Cabinet Order 

(Article 33).

• Persons who have lost upper limbs above the elbow joints, or persons 

who have no upper limbs or no functional upper limbs.

• Persons who have impairments in the lower limbs or body trunk, and 

who are incapable of sitting.

• In addition to the above, persons who can not operate steering or other 

devices at will.

Even if the disabled qualify, they will be under conditions which specify li-

cense class, type of vehicles and assist-devices to be used.

In addition, in the case of those persons who have become disabled after 

they obtained a driver’s licence, they are then required to take an aptitude test. 

The results of the test for such people are categorised as follows:

(1)  Unconditionally qualifi ed: they are permitted to drive as they did before.

(2)  Conditionally qualifi ed: they are provided with a driver’s license with certain 

conditions. (They are permitted to drive a car which satisfi es these certain 

conditions.)
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(3) Ineligible: they are required to take an aptitude test after completing reha-

bilitation programs.

Figure 4-1 shows the process of obtaining a  driver’s license for persons with 

physical disabilities in Japan.

For example, the conditions for a license given to persons with impairments 

in the lower limbs are described below.

(1)  For persons who have lost lower limbs below the hip joint, or persons who 

have no function in the lower limbs.

•  Types of license given

Figure 4-1  Process of obtaining a driver’s license for the disabled in Japan

Person who wishes to obtain a driving licence 

Driver's license centre

(Driver and vehicle licensing centre)

 

Unconditional

eligibility
Conditional

eligibility

Driver's license centre

(Driver and vehicle licensing centre)

or direct test

Driver's license centre

(Driver and vehicle licensing centre)

 

Unconditional

eligibility
Conditional

eligibility

Driver's license centre

(Driver and vehicle licensing centre)
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Basic license, small-sized special motor-vehicles, motorcycles with a mo-

tor engine of 50 cc or less

•  Conditions for obtaining the license

Types: Hand-driven cars (a model in which acceleration and braking can 

be operated with the upper limbs), automatic cars, small motor-vehicles 

with three or four wheels

Physical condition: Artificial legs are compulsory, and the artificial legs 

must be eff ectual for driving.

(2)  For persons who have lost lower limbs below the knee joint, or persons who 

have signifi cant impairments to their function.

•  Types of license given

All types (except large motorcycles)

•  Conditions for obtaining the license

Types: Limited to automatic cars, hand-driven automatic cars and small 

motorcycles depending on the users’ physical and technical abilities

Physical condition: Artifi cial legs are compulsory, and tools to compen-

sate for the function of lower limbs are necessary.

 Special marks for persons with physical disabilities

A special mark for persons with physical disabilities has been introduced since a 

review was made of the reasons for disqualifi cation of persons with disabilities 

from obtaining a driver’s license in 2001. The mark for persons with physical 

disabilities (also known as the Clover Mark in Japan), which is shown in Figure 

4-2, is not obliged to be attached to vehicles which are driven by persons with 

Figure 4-2  Mark for persons with physical disabilities
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disabilities. However, when there are risks that their impairments may cause dif-

fi culties in their driving, the person with the disability is expected to attach two 

marks, one at the rear and the other at front of the car, in places with a high vis-

ibility. Moreover, any cars which cause trouble to cars with the Clover Mark can 

be fi ned.

Shown in Figure 4-3 is the International Symbol of Access which indicates 

that the buildings and facilities displaying the mark offer easier accessibility 

and usability to persons with disabilities. The rules and usage of the mark are 

defi ned in the guidelines issued by Rehabilitation International. The subjects of 

this mark are all persons with disabilities, and thus it is not limited to wheelchair 

users.

 Parking spots for the disabled and the system to exempt the disabled 
from parking prohibition rules

Those persons with disabilities who use wheelchairs need to transfer their 

wheelchair to and from their  car, and this action requires a certain amount 

of space. As shown in Figure 4-4, parking spots for the disabled are usually 

made spacious so that transferring a wheelchair is possible with the car’s door 

opened. In present-day Japan, more and more parking spots for the disabled 

are available, and these spots are indicated with a symbol. However, healthy 

people sometimes park their cars on the spots and this has become a serious 

problem. Thus, it is important to advocate for the awareness of the symbol, to 

help the general public understand the meaning of the parking spots with the 

mark.

Figure 4-3  The International Symbol of Access for persons with disabilities
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In addition, there is a system to exempt the disabled from some, but not all, 

parking prohibition rules. This system was introduced to help persons with dis-

abilities park their cars at the point nearest to their destination when it is nec-

essary. Permission can be granted by placing a card inside the front of the car 

which indicates that the vehicle is exempted from parking prohibition rules (see 

Figure 4-5). The card is issued by the National Public Safety Commission. This 

system is applied to people who have registered at governmental organisations 

as persons with disabilities. These people are supplied with booklets or certifi -

cates to prove that they have a certain degree of disability.

Figure 4-4  A parking spot for the disabled

Figure 4-5  Card which indicates that the vehicle is exempted from parking prohi-
bition rules
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 Subsidy programs

Cars belonging to persons with disabilities are sometimes exempted from au-

tomobile-acquisition tax, auto tax and light-vehicle tax in Japan. If or when the 

owner of the car is, for example, a family member, documents are required to be 

submitted to municipal offi  ces to prove that the disabled person is living with 

the vehicle’s owner and that the car is used mainly for going to see doctors.

A subsidy is given when a car is remodelled specially for persons with dis-

abilities. However, the amount of the subsidy depends on the degree of disabili-

ty, and the person needs to apply for the subsidy at the municipal welfare offi  ce 

in advance. For example, approximately 100,000 Japanese yen is provided in 

cases of remodelling the steering wheel or the hand-operating device, though 

the amount varies depending on the municipality. The subjects of the subsidy 

are those persons with disabilities whose age is 18 or more and who have a fi rst 

or second grade certifi cate of physical disability. Moreover, the car must belong 

to a person with a disability and must need remodelling for their use. The vehi-

cle owner’s income of the previous year also aff ects the amount of subsidy the 

person receives.

There is an additional system which offers discounts given to motorway 

fares and other toll fares. This discount system was introduced with the purpose 

of supporting persons with disabilities so that they can participate indepen-

dently in social activities, including such activities as going to work, schools and 

doctors. On December 1, 2003, the discount system on motorways for persons 

with disabilities was amended, and they can use motorways at half price if they 

go through the necessary procedures at the municipal welfare offi  ce in advance

The subjects of the discount are those who have an identifi cation booklet 

for the physically disabled, and the discount is also given to a driver who is driv-

ing with and for the person with the certifi cate.

There are other types of discount systems for persons with disabilities, in-

cluding welfare-taxi discount tickets and gasoline tickets. These systems are 

diff erent depending on the municipality. These discount systems are available 

for those who can submit the necessary certifi cates and documents to the mu-

nicipal welfare offi  ce.
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 Assist devices for driving which are tailored to each type of impair-
ment and the selection of vehicles

Assist devices for driving, which are tailored to the level of a person’s impair-

ment and residual functional abilities, allow persons with disabilities to drive 

cars in almost the same way as unimpaired people. Auto-makers and compa-

nies which manufacture assist devices have developed devices for driving which 

are responsive to various types of impairments. The relation between the func-

tions of the four limbs and assist devices for driving is summarised in Table 4-1.

When purchasing a car, an auto-shop which has a maintenance factory in-

house is ideal, and it is better to choose a shop in a local neighbourhood. More-

over, selecting a vehicle requires careful consideration. For example, a car with a 

great deal of height has a good range of view, but it is inconvenient for transfer-

ring or storing a wheelchair. Sports cars, or similar models of low-ride cars, are 

highly manoeuvrable, but the transferring or storing of a wheelchair is diffi  cult. 

Large-size cars have a big storage space, but they do not have a small turning 

circle. Newly-developed light cars tend to have wider amounts of space inside, 

and they have an ability to turn in a small radius. However, overall, the ideal type 

of car is a station wagon of which the engine size is around 2,000 cc and which 

is equipped with power-steering and power-window systems. Fleet cars have 

an advantage as a variety of components are available and easy to obtain. The 

choice of vehicles is greatly infl uenced by the conditions of impairment of the 

disabled. Therefore, it is ideal to seek advice from, for example, an occupational 

therapist, a physical therapist, experts in rehabilitation engineering and auto-

manufacturers who have good experience of remodelling cars for the disabled.

Hand-operated assist-devices for driving

Fuji Auto Company was the first auto-company to develop a driving device 

which can be operated by hand in Japan. The device was fi rst developed for the 

developer himself, who had had a car accident and suff ered impairments to his 

hands. Since then, a variety of types of driving-assist devices have been devel-

oped in accordance with various types of impairments.
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For instance, persons with impairments to their lower limbs need to drive 

cars by using only their upper limbs, and the accelerator and brakes of the car 

are controlled by hand. In such a case, a device with a hand-control system, as in 

Figure 4-6, known as a fl oor-type, is commonly used. With this type, the device 

and a control lever are installed on the fl oor of cars with a clasp which plays as a 

fulcrum point on the lever. The lever is usually set at the left-side of the driver in 

Japan. Acceleration and braking are controlled by pulling the lever backwards 

and pushing the lever forwards, respectively. Some devices have switches for 

the direction indicator and head-lamps built in. The steering system is operated 

by the upper limb(s). The device has a function with an attitude-control system 

which operates during driving. However, if the driver suff ers from motor paraly-

sis or sensory paralysis, there is a risk of his/her lower limb on the device-side 

touching the device. Fixing lower limbs with a belt or using a cushion to lift the 

position of the lower limbs are required in such a case.

There is another type of device called a column type. This type of device has 

a hand-control system installed on the steering column, as shown in Figure 4-7. 

With this type, the device and a lever are installed on the steering column with a 

clasp which plays as a fulcrum point on the lever. This system enables the driver 

to have more space in the foot area of the car. However, a good distance has to 

be kept between the lower limbs and the steering or the clasp on the steering 

column in order to avoid contact. It is possible that such contact can cause in-

juries. The operating portion of the device is similar to that of motorcycles. If the 

drivers of such cars fi tted with the device can move their fi ngers well enough to 

Figure 4-6  A device with a hand-control system known as a  fl oor type

Usability is similar to the select-lever

of an automatic car.

Pull the lever for acceleration and push for braking.
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control it, then they can use a type of device which has an acceleration system 

built in. This type with an acceleration system has an acceleration ring installed 

inside of the steering wheel. While controlling the acceleration ring with the fi n-

gers, the wheel can be turned, and the control of acceleration is possible with 

either of the hands.

Recently, auto-makers have developed hand-operated driving-devices (see 

Figure 4-8). Models which are specially developed by auto-makers have the de-

vice installed inside of the centre console of the car, and this allows the drivers 

to have more space in the foot area than in those models in which the device 

is installed after the assembly of the car has already been completed. With the 

Open space around feet.

Figure 4-7  A hand-operated driving-device known as a  column type

Figure 4-8  Hand-operated assist-devices for driving which have been developed 
by auto-makers

(b) Honda Motor(a) Nissan Motor
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traditional models, when the lever of the device is pushed or pulled, the entire 

lever moves mechanically. However, if the models are developed by auto-mak-

ers, a computerised control-system is installed and the system can be operated 

merely by moving a knob attached to the lever. This provides a stable driving 

posture even for persons with some impairment to their elbows.

Those cars which have the device shown in Figure 4-9 installed are called 

“joystick cars”. They are models which have been developed for disabled people 

who cannot operate cars even with help from a hand-operated assist-device. 

The joystick model can be driven with one hand or one leg. The acceleration 

and braking systems are controlled by moving the lever forwards and back-

wards, while the wheel is turned by inclining the lever to the right or left. The 

shape and position of the controlling lever and the possible proliferation of 

switches are designed with all types of users taken into consideration. Further-

more, it is designed so that the user’s hand will not slip off  from the control plat-

form while driving.

Driving  seats

Impairments to the lower limbs or body trunk prevent drivers from keeping 

the body balanced and maintaining stable operation of the steering wheel and 

other driving systems in vehicles. When driving on winding roads in particular, 

drivers usually have diffi  culties in getting the car at the right speed and into the 

Figure 4-9  A  joystick type assist-device for driving (Fuji Auto)
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right travelling position, as Koji Endo has pointed out (24). As a solution to such 

problems, special driving seats have been developed for persons with disabili-

ties. An illustration of such a seat is shown in Figure 4-10. The functions of the 

seat aim to improve the physical conditions, safety and comfort of drivers who 

have impairments. The main functions are: (1) Improving the transferability of a 

wheelchair between the inside and outside of car, as well as the transferability 

of the driver between seats inside the car; (2) Improving the retention of the 

body trunk during driving; (3) Improving controllability; (4) Preventing the driver 

from developing decubitus; and (5) Providing incontinence control.

Figure 4-11 shows a body belt—not a seat belt—which is used when the 

driver has diffi  culty in maintaining the balance of his/her body trunk. The body 

Figure 4-10  A  driving seat for persons with physical disabilities

Electronic adjustment of height and

front-back position.

There is support on the right and left sides.

Decubitus prevention seat is 

removable and washable.

Side support can be folded 

flat for getting on and off.

Seat back is double-section and

the angle is adjustable to approx. 30°.

Figure 4-11  A  body belt with a loop fastener

This is the velcro tape type

and holds the chest.
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is looped with the belt and this is fi xed with a loop fastener. This belt can help 

hold the body to the seat. However, leaning forward or other bending actions 

are not possible for the driver when the belt is on.

 Turning devices

A turning device is an assist-device for persons with impairments to the upper 

limbs who cannot hold the  steering wheel of a car. There are a variety of turning 

devices as shown in Figure 4-12, and drivers with impairments can choose one 

in accordance with the level of their impairment.

 

Figure 4-12  Turning devices

(1) Knob type grip:

Used by people without problems in the palm.

Similar to the grip of a fork-lift.

(5)  Palm type grip:

Used by people with a lower level of grip power compared 

to (4).

(4) U-shape type grip:

Used by people among (2, 3) and (5), and also when 

there is difficulty to operate grip smoothly.

(3) Horizontal-stick type grip:

Used by people with problems of abnormal palms or 

lack of grip power.

(2)  Vertical-stick type grip:

Used by people with problems of abnormal palms or

lack of grip power.
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Foot-operated  assist-devices for driving

Persons with impairments to the upper limbs can drive a car by using an assist-

device which is developed especially for them. The device helps such people 

operate the steering-wheel, accelerator, brake, direction-indicator and other op-

erations required when driving. Figure 4-13 shows a pedal which helps operate 

the wheel by controlling it with the left foot. The device is usually installed on 

the left side of the foot space.

Figure 4-14 shows a device which is used by drivers who have impairments 

to a right lower-limb and thus cannot use the accelerator pedal, which in Japan 

is usually used with the driver’s right foot. The pedal of the device is coordinated 

Figure 4-13  A foot-operated device

A special shoe is fixed to the pedal plate.

Front rotation pedalling turns the

steering-wheel right and back rotation is left.

Figure 4-14  An accelerator-pedal for left foot

Original acceleration pedal is covered

by a protection plate.

Connected to the acceleration pedal.
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with the accelerator-pedal of the car. It is removable, and thus the accelerator-

pedal can be operated in a basic way.

Figure 4-15 shows combination switches. Many switches used during driv-

ing are collected and located at the foot area. The switches are installed in the 

foot areas following a purchase order made by the users, and thus the switches 

are arranged in accordance with the physical conditions of the drivers. In ad-

dition, some cars are installed with a device which helps the driver fasten the 

seat-belt automatically, as is shown in Figure 4-16. Persons with impairments 

to their upper limbs have diffi  culty in putting on a seat-belt by themselves. The 

device is installed with a mechanism by which the seat belt is put on the driver 

automatically when the door on the driver’s side is shut.

Figure 4-15  Combination switches for the foot

Figure 4-16  A device which helps the driver fasten the seat-belt automatically
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 Transferring

Transferring from a wheelchair to a car requires much eff ort from the users of 

wheelchairs. It is even more so in circumstances such as transferring on a busy 

street, as this requires the person to do so very quickly. Persons with impair-

ments to their upper limbs have diffi  culty in transferring when lifting their bod-

ies. These persons usually use a transfer-board for shifting between the car and 

wheelchair. The transfer-board shown in Figure 4-17 is a folding type. The board 

eliminates the gap and the diff erence in level between the driver’s seat and the 

wheelchair, which is placed by the door. The driver slides on his/her buttocks to 

get onto either the driving seat or the chair.

When wheelchair users are driving a car with no wheelchair lift equipped, 

the driver needs to store his/her wheelchair in the car by him/herself. A wheel-

chair often weighs around 10 kg, and thus a lot of strength is necessary for the 

action of storing it. Shown in Figure 4-18 (a) is an electric wheelchair lift which 

can raise the occupant of a wheelchair to the level of the driving seat of a car 

and which helps the driver slide into the car. Simultaneously, the lift stores the 

wheelchair mechanically in the car. Models that include a wheelchair lift on 

board have been produced by auto-makers and these models are usually excel-

lent in their design and functions.

Shown in Figure 4-18 (b) is a wheelchair lift with a crane attached to the roof 

of the car. The crane is controlled mechanically to lift or bring down the wheel-

chair. The arm of the crane lifts, swings around and stores the wheelchair in a 

storage area on the roof or the back of the car.

Figure 4-17  A transfer-board

When not in use it is folded.

There is a fixed type and a removable type.
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Various kinds of wheelchair lifts are available today, and the lift shown in Fig-

ure 4-19 is a model of a lift of the type which uses a crane arm to store a wheel-

chair in the boot of a car. There is another type of lift which allows the user of an 

electric wheelchair to transfer the chair to the driver area of a car without get-

ting off  the wheelchair at all.

 Support tools 

Tools and devices have been developed in order to provide support for people 

who have diffi  culties in entering and exiting a car. A seat with a rotation and 

Figure 4-18  A  wheelchair lift

(a) Welride (Toyota Motor)  (b) Welcarry (Toyota Motor)

Figure 4-19  An electric wheelchair lift (Toyota Motor)
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slide mechanism, for example, supports the user by rotating and sliding the 

seat. Shown in Figure 4-20 is a lift-up passenger-seat which moves to the out-

side of the car electrically. Furthermore, the height of the seat is adjustable to 

help the user. The driver can control the movements of the seat from inside.

There are two types of assist devices for wheelchair users, a ramp type and 

a lift type. These devices are often mounted on mini-buses or other transporta-

tion vehicles which are usually used when travelling between welfare institutes 

or hospitals and the homes of the users. The ramp type, shown in Figure 4-21 

(a), is a type whereby the ramp is taken out or unfolded from the back of a ve-

hicle. The occupant of the wheelchair moves onto the ramp while sitting in the 

Figure 4-20  A  lift-up passenger-seat (Daihatsu Motor)

Figure 4-21  Transportation vehicles equipped with  assist devices

(a) Daihatsu Motor (b) Toyota Motor
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wheelchair. The occupant is then fastened by a seat belt during actual trans-

portation for safety. The lift type shown in Figure 4-21 (b) is usually mounted on 

relatively large vehicles. The lift is controlled by a remote control. A square plat-

form lifts the wheelchair up to a level where the occupant can move the chair 

into the vehicle smoothly.

Problems in  driving vehicles experienced by persons with  physical 
disabilities

All humans should be able to live in ways based on their own decisions in a 

society while their basic human rights are respected. This is a concept called 

the normalisation of society. As a basic principle in crystallising this concept, the 

idea of universal design has become widespread. This idea is applied in a variety 

of fi elds, from the design stage onwards, with the purpose of pursuing a safe 

and comfortable lifestyle for everyone. Furthermore, with the Barrier-free Trans-

portation Act, the creation of a barrier-free environment has been promoted in 

many fi elds, including the public transportation system. The purpose of this is to 

eliminate barriers and to improve the convenience and safety of the public trans-

portation system used by the elderly and by physically disabled persons (25-27).

Many eff orts have been made in improving the public transportation sys-

tem for persons with physical disabilities. However, no policy has been created 

regarding the driving of vehicles by persons with physical disabilities in Japan. 

Driving a car affords an opportunity of being independent to persons with 

physical disabilities, although it is true that there are a number of problems yet 

to be solved (28, 29).

Problems related to vehicles and driving  posture
When negotiating curves in a vehicle, large movements are required in order 

to control the steering wheel of the car. Moreover, the centrifugal force exerted 

has a negative infl uence on driver performance. In particular, when a car is being 

driven on a curve and turns in a leftwards direction on the road, the body trunk 

of the driver actually moves in a rightwards direction. This creates further diffi  cul-

ties for a disabled driver when he/she tries to control the car (see Figure 4-22).
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When driving on the  curve of a road, unimpaired people keep their balance 

by using their entire body. In contrast to this, a person with impairments to 

lower limbs, for example, fails to keep balance with their hips or the lower parts 

of their body (30-32). Therefore, those persons with impairments to the lower 

parts of the body have to try to keep balance only by using their upper body. 

Thus, they have more diffi  culty in keeping balance if they drive on a curve fast 

because the force that swings their body to right and left directions increases 

as the speed increases. Moreover, when they are driving on a long curve, they 

have to try longer and harder to keep balance with their body. On S-shaped 

curves, the force which swings the driver’s body to right and left directions 

switches from one side to the other at certain points, and this adds further dif-

fi culties for disabled drivers who are making an eff ort to keep their balance. In 

addition, the sharper the curves get, the more diffi  culty the driver has as he/she 

has to manage two actions: operating the steering wheel while simultaneously 

keeping balance with one’s body. Driving conditions which include such curves 

put a heavy burden on the driver.

According to a study conducted by Ikeda et al., drivers who suff er severe 

disability in their lower limbs usually wish to fi x some parts of their body to the 

driving seat and other parts of the car while they are driving. The parts of the 

body that drivers wish to have fi xed in place are shown in Figure 4-23 (33).

Figure 4-22  Problems caused by  centrifugal force
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Figure 4-24 shows the average distance of a drivers’ head movement when 

they are driving on curves (34). When the speed of the car reaches 30 km/h or 

more on a curve turning to the left, the average distance of movement of the 

driver’s head to right and/or left increases by 2-3 times (and the average distance 

of movement of the driver’s head in directions backwards and forwards increas-

es by 4-5 times) over the distance of head movements by drivers in cars driven 

at 10 km/h on the same curve. These results indicate that when a car is driven at 

a speed of 30 km/h or more on a curve turning to the left, the movements of the 

driver’s head in right-left and back-front directions increases signifi cantly.

Figure 4-23  Body parts which drivers with impairments wish to have fi xed in place

Forearm 1 %

Upper arm 1 %

Hand 6 %

Chest/back 64 %

Mid-section 36 %

Lower back 29 %

Shoulder 3 %

Upper leg 8 %

Lower leg 13 %

Foot 8 %

Figure 4-24  The movements of a driver’s head at diff erent speeds
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 Physical problems while driving
There are cases where the lower limbs of persons with impairments to their 

lower limbs fl ex unconsciously during driving and the legs have contact with 

the steering wheel-control and/or foot pedals. This spasticity is a symptom 

which usually occurs to patients with a damaged spinal cord and the fl exing 

occurs with no relation to their conscious will. If they step on the accelerator or 

brake pedals unconsciously, these actions could cause a sudden acceleration or 

a sudden braking of the car. Moreover, medical problems could occur to a driver 

with physical diffi  culties during driving. Anaemia, for example, is one of the con-

ditions that could develop during driving. Poor blood circulation in the lower 

limbs often occurs to those persons with impairments to their lower limbs dur-

ing driving. This situation causes anaemia because the driver sits in the seat for 

a certain period of time and the blood in the body is collected at the terminal 

parts of the body.

Another example is a rise in  blood pressure caused by the desire to go to 

the toilet as the desire then increases palpitation. One of the symptoms for a 

patient with a damaged spinal cord, when urine is collected in his/her bladder 

or he/she has a desire to urinate, is that blood pressure rises suddenly. This can 

cause headaches, diaphoresis and a worsening of spasticity. When such a con-

dition develops while driving, of course it can cause diffi  culty in driving. There 

are many reports from persons with physical disabilities of having experienced 

a blood-pressure rise when they felt that they needed to go to toilet. Conse-

quently, many disabled drivers limit the amount of food and drink they take 

before driving. It is diffi  cult for wheelchair users to secure toilets when they are 

travelling.

In present-day Japan, rest areas called service areas are located on motor-

ways, for example, and the toilets in the areas are built as a  barrier-free zone, 

with parking spots for disabled persons which are built at service areas. How-

ever, often the parking spots are not clearly indicated and it is diffi  cult to fi nd 

them. In addition, often the route between the parking spots and the toilet is 

not built as a barrier-free zone. It is necessary to take steps to improve roads, ve-

hicles and other traffi  c conditions so that persons with physical disabilities can 

deal with any sudden change in their physical status.
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Impact of  centrifugal force when driving on curves
Figure 4-25 shows the results of a study conducted by Hiroshi Ikeda et al. (35) on 

the impact of centrifugal force when driving on  curves. As shown in the fi gure, 

when travelling speed increases, the acceleration velocity in right-left direc-
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Figure 4-25  The impact of centrifugal force when driving on curves
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tions changes significantly at both the start and end points of a curve zone. 

The impact of centrifugal force becomes greatest at the end of the curve zone 

when travelling in a rightwards direction. When a car is travelling on a curve, the 

steering wheel has to be turned back just before the end of the curve zone and, 

consequently, the car makes a swinging movement. The car swings more if it is 

driven by a person with severe disabilities in the lower limbs as he/she needs to 

operate the wheel by using his/her upper limbs.

Figure 4-26 shows the results of the study conducted by Ikeda et al. aimed 

at finding out how much muscle tension is felt by drivers when driving on 

curves. The level of tension was identifi ed by measuring the amount of muscle 

activity in the trapezius and the extensor carpi radialis muscles of drivers. Ten-

sion in the trapezius muscle of the shoulders is related to the elevation of the 

elbows and the fixation of the upper body, while the extensor carpi radialis 

muscle in the lower arms is related to the movements which keep hand-joints 

and elbow-joints locked when something like the steering wheel of a car is 

Figure 4-26  The amount of  muscle activity in diff erent parts of the body when 
driving on curves
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being held. As the fi gure shows, the amount of muscle activity of the left and 

right forearms increases at both the start point (2) and the end point (4) of the 

curve zone. In comparison, however, the increase in muscle activity of the right 

shoulder is more signifi cant than that of the left shoulder at the start point (2) 

and the end point (4) of the curve zone. When persons with severe disabilities 

drive a car with their upper limbs, they often use one hand for controlling the 

steering wheel as the other hand is being used for operating equipment such 

as the assist device. Under such circumstances, the body muscle gets tense as 

the driver tries to maintain the balance of his/her body trunk while simultane-

ously receiving a muscle burden from operating the car. The tension and bur-

den on muscles cause a delay in returning the steering wheel back to normal 

just before the car gets on to the straight zone of the road when exiting from 

the curve zone. As a result, the action of turning the  steering wheel becomes 

sudden.

Driving  posture and methods for retention of the body trunk
Automobile drivers with severe disabilities in their lower limbs often fi nd some 

conditions diffi  cult to handle which are in fact normal for unimpaired people. 

Their disabilities cannot be compensated for only by remodelling a basic car 

which was originally designed for use by unimpaired people, even if such cars 

are remodelled by installing driving-assist devices and have their operating pro-

cedures modifi ed. It is necessary to assess and understand the driving condi-

tions of disabled people scientifi cally.

Most commonly, drivers with physical disabilities control the steering wheel 

with one hand while controlling the accelerator and brake with the other hand 

during driving. Under such conditions, controlling the steering wheel with both 

hands is not possible and, as a result, the  centrifugal force and other forces from 

outside prevent the driver from keeping his/her body balance stable during 

driving. This condition gets especially worse when disabled drivers negotiate 

curves at certain constant speeds, as the driver’s skill at controlling the steer-

ing wheel is aff ected negatively by the eff ort to maintain his/her balance of the 

body. Furthermore, the technique for keeping the body in balance is diff erent 

for right and left curves, as is shown in Figure 4-27.
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Turning the steering wheel with large movements or hitting the brakes can 

break down the balance of the driver’s body trunk, and under such circum-

stances the driver has to drive the car in an unstable posture. When driving 

on a leftward curve, the sitting posture changes more rapidly. This situation 

interferes with the functional ability of the driving seat, which is mechanically 

designed to keep the body of the driver in a safe and stable position. Thus, the 

tension in the body felt by the driver becomes even stronger than the tension 

felt by the driver when the car is negotiating a rightwards curve. In contrast, on 

a rightwards curve the driver’s body is in a posture where the body trunk can 

be controlled against the eff ects of centrifugal force. However, when the car 

is at the end of the curve zone and moves on towards the straight zone of the 

road, the driver loses balance because of the eff ort of maintaining his/her body 

posture against the eff ects of centrifugal force, and a longer time is needed for 

turning the steering wheel back to the original straight-ahead driving position 

than when the car is on a leftwards curve. Consequently, the car swings greatly 

Figure 4-27  Driving posture when driving on  curves
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at the end of the curve zone and at the point of returning to a straight road, and 

this increases the burden on the muscles in the neck and shoulder of the driver.

A decrease of the power to retain the body trunk in balance causes the driv-

er to control the car in an unstable posture. Therefore, improvements in road 

conditions should be made: for example, by providing more space at the end 

of curve zones or by introducing induction strategies so that the starting points 

of curve zones are indicated in advance. Such improvements are difficult to 

make as they have to be initiated by governments and require time and money, 

at least under present circumstances. However, realistic and eff ective methods 

are also available. One of these methods is, for instance, the adding of safety 

devices to the driver’s seat of existing cars. Such devices can be developed by 

examining closely the problem of drivers’ losing body balance during driving. 

However, these devices have to be developed with an eff ort also made to mini-

mise the fi nancial burden on the users.

 Remodelling and  fi nancial aid

Beside the hand-operated assist-devices mentioned, assist-devices for, for ex-

ample, the  steering wheel and direction indicators are the most common devic-

es which are often later added to a car. However, almost all disabled drivers are 

using a driving seat without remodelling or adding further  assist-devices, even 

though the existing  seats usually do not satisfy the demands of the users. One 

of the reasons is the amount of subsidy for remodelling cars. In Japan, about 70 

% of vehicle owners who have physical disabilities have paid more than half of 

the cost for remodelling by themselves. Shown in Figure 4-28 is a summary of 

the amount of money paid by individuals, made based on a survey conducted 

on the total amount needed to install assist devices for driving and the amount 

of subsidy the owners received.

In Japan, the amount of subsidy given to installing assist-devices is supplied 

with a certain amount of money as an upper limit. Therefore, the severer the 

disability of the driver, the more assist-devices are needed, and the more money 

has to be paid out by the individual for remodelling. Under such circumstances, 

people tend to remodel cars as little as possible, and consequently the remod-
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elled cars are probably neither comfortable nor safe.

In order to support safe driving by persons with severe disabilities, an ap-

propriate environment should be developed so that the drivers and their cars 

are not aff ected negatively by driving speed, changes of conditions and other 

factors. Moreover, drivers often need to tilt their body forward or have parts of 

their body move away from the driving seat during driving. Taking such situa-

tions into consideration, it is necessary to design and create a steering environ-

ment in which those persons with physical disabilities can retain their body 

adequately in place and drive their car comfortably.

Figure 4-28  The amount of money paid by individuals to remodel cars
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The time when a  hearing impairment appears

Hearing impairment can be genetic (inherited) or non-genetic. Persons with 

congenital hearing impairment are people whose hearing impairment was 

present at birth. Abnormality of hearing tissues or infection with a virus (es-

pecially with measles) during pregnancy can also cause congenital hearing 

impairments. If persons suffer from a severe hearing impairment, and if they 

are unable to hear even with the help of a hearing aid, then they are unable to 

learn language through the medium of their ears. Therefore, they need to learn 

language by using other methods. Learning language without depending on 

hearing is diffi  cult, and hearing-impaired people often face problems such as 

phonation and have diffi  culty in understanding complicated expressions of lan-

guage.

Persons with a non-genetic hearing impairment are those people whose 

impairments have developed before, during or after birth. Non-genetic causes 

include: illness, drug side-eff ects, a long period of exposure to heavy sound-

noise, injury to the head, sudden deafness caused by mental stress and dam-

age to the hearing tissues. If a person’s hearing is impaired after having a long 

period of normal hearing, the person usually has a good understanding of 

language and can also speak clearly. If their hearing impairment developed in 

infancy, however, or if it has been a long time since the development of the im-

C H A P T E R  F I V E

Physical features of  persons with a hearing 

disability
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pairment, persons usually have diffi  culty in clear phonation as well as diffi  culty 

in speaking in long sentences.

Moreover, there is a case of senile hearing-disability. This is the condition 

where hearing ability deteriorates as people become old. 

Sometimes brain damage and cerebral vascular disease are associated with 

a hearing disability. Persons with these medical conditions have diffi  culty in dis-

tinguishing among sounds, even though they can hear well. Another common 

symptom of hearing disability caused by ageing is a complication of dementia. 

Communication with such patients helps in reducing mental anxiety.

Types of  hearing disability

Persons who have diffi  culties in hearing are called persons with a hearing dis-

ability. However, the causes and types of impairments vary, as well as the degree 

of the persons’ hearing ability, and thus it is often diffi  cult to distinguish or de-

fi ne such persons. People with a hearing disability are generally categorised into 

the groups of late-deafened people, hard-of-hearing people and deaf persons.

Late-deafened people usually refers to those persons who lost hearing abil-

ity after they had acquired speech language. Even late-deafened people who 

have no hearing ability at all can speak in many cases. Hard-of hearing people re-

fers to those who still have some hearing ability left. Some can have normal con-

versations with other people by using a hearing aid, while some can hear only 

noise. Deaf persons refers to those people who lost their hearing ability before 

they acquired speech language, and their fi rst language is usually sign language.

In modern schools for hearing impaired children, speech training is usually 

conducted by using a high-performance hearing aid. This training helps children 

learn the skills of speech, and they often grow up with no impairments in speech.

Diff erences in the nature of  hearing loss

Figure 5-1 shows the anatomy of the ear. The ear is made of parts called the 

auricle, ear canal, eardrum, middle ear and inner ear, and auditory nerves inside 

are connected to the brain. Diff erences in the nature of hearing loss are deter-
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mined by the place where impairment occurs, and the nature of hearing loss 

is categorised into conductive, sensorineural and mixed hearing loss. Further 

details of the nature of the hearing loss are described below.

(1)  Conductive hearing loss

Patients with conductive hearing loss have impairments in the eardrums, 

ossicles or organs which conduct sounds from the outer ear to the middle 

ear. The patients usually have no abnormality in the nerve system and 

sometimes their condition can be improved by medical treatment. Hearing 

loss which is caused by otitis media belongs to this category. Patients with 

conductive hearing loss often regain relatively good hearing ability if they 

use a hearing aid. 

(2)  Sensorineural hearing loss

Patients with sensorineural hearing loss have impairments in the organs 

Figure 5-1  The anatomy of the ear
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which sense sound. This occurs when the patients have impairments be-

tween the inner ear and middle ear. Many of the patients suff er from an ab-

normality in the nerve system and the condition often can not be improved 

with medical treatment. Some patients with sensorineural hearing loss are 

capable of having a conversation in a quiet environment by using a hearing 

aid if the other speakers speak slowly. The frequency of sounds aff ects the 

degree of their hearing ability. In particular, those patients who have devel-

oped problems in hearing high-frequency sounds in infancy have diffi  culty 

in learning phonation. If persons have a severe condition, they need to learn 

visual communication skills, including sign language, lip reading and writ-

ing. Hearing loss which is caused by ageing also belongs to this category.

The brain analyses sound through the inner ear and auditory nerves, and 

then the processes of deciding whether the sound needs to be heard or not 

are conducted. Persons who have a hearing disability caused by functional 

impairments cannot regain their hearing ability by amplifying sounds with 

the help of a hearing aid. The quality and volume of the sounds of the hear-

ing aid should be adjusted in detail.

(3)  Mixed hearing loss

Persons with mixed hearing loss suffer from the symptoms belonging to 

both conductive and sensorineural hearing loss. The functions of the sound-

conductive area in the middle ear can be compensated for by using a hear-

ing aid, but the functions of the sound-sensorineural area are not always 

able to be compensated for by a hearing aid.

Senile  hearing loss

Hearing ability deteriorates as people become older. The degree of hearing loss 

diff ers among individuals, and the deterioration begins at the age of around 40. 

The nature of this impairment is hearing diffi  culty with high-frequency sounds; 

this occurs as the initial symptom. The condition of senile hearing loss cannot 

be improved by medical operations or drug therapy. When senior adults realise 

that hearing diffi  culty is causing problems in their communication with others, 

they usually chose to use a hearing aid.
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However, as they become older, senior adults with such hearing diffi  culty 

often loose the opportunity to have communication with other people, and 

often they do not realise that they have problems in hearing. Even if they are 

diagnosed with hearing loss, they sometimes avoid using a hearing aid because 

they believe that wearing a hearing aid gives an impression to other people 

that they are old. However, if patients spend a long period of time under such 

a condition of hearing loss, stimulation of the brain decreases and, as a result, 

their ability to distinguish among sounds and language further deteriorates.

Classifi cation of impairments in hearing ability

(1)  Classifi cation made by the degree of impairment

The degree of hearing disability is expressed by  decibels (dB), the unit used 

for sound pressure, and the decibel value indicates how bad a person’s hear-

ing ability is in comparison to healthy people. Table 5-1 shows the classifi ca-

tion according to decibels of persons with a hearing disability.

(2)  Classifi cation made by the  Physically Disabled Persons Welfare Act

Grades are given to those persons with a hearing disability in accordance 

with their degree of hearing ability, and the grades are stipulated by the 

Physically Disabled Persons Welfare Act in Japan. Persons whose level of 

hearing ability is 70 dB or more are supplied with an identifi cation booklet 

for the physically disabled. About 360,000 people with a hearing disability 

Table 5-1  Classifi cation by decibels of persons with hearing disability

Measured value The sound description made by the patient Degree of hearing

0-25 dB No problem in hearing Normal

25-40 dB Having diffi  culty in hearing small voices Slight 

40-70 dB Having diffi  culty in hearing normal conversation Medium

70-90 dB Loud sound made next to the ear can be heard High

90 dB- Hardly any sound is heard Anacusis
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are said to have been supplied with an identifi cation booklet for the physi-

cally disabled in Japan. However, the number would be as many as 6 million 

people if the number were counted based on the recommendations made 

by the  World Health Organisation (WHO). WHO states that those people 

whose hearing level is 41 dB or more are recommended to use a hearing 

aid. In Japan, persons with a hearing disability are eligible for a second-

degree certifi cation of physical disability, and persons with both a hearing 

disability and speech impairment are eligible for a fi rst-degree certifi cation 

of physical disability.

Table 5-2  Grade of disability for persons with a  hearing disability

Grade of disability Decision criteria

1st class Not relevant.

2nd class The hearing level of both ears is 100 dB or more.

3rd class
The hearing level of both ears is 90 dB and more. (Loud voice can be 

heard only if the sound is made directly to the auricle of the ears.)

4th class

1. The hearing level of both ears is 80 dB and more. (Loud voice can be 

heard only if the sound is made directly to the auricle of the ears.)

2. The best articulation score in speech sound is 50 % or less for both 

ears.

5th class Not relevant.

6th class

1. The hearing level of both ears is 70 dB or more. (Conversation which 

is being made at a place 40 cm or more away from the person can-

not be understood.)

2. The hearing level of one ear is 90 dB or more, while the hearing level 

of the other ear is 50 dB or more.

7th class Not relevant.

Notes:

1. If the patient has two overlapping impairments which belong to the same class in the table, the 

person will be upgraded by one class. However, if the two overlapping impairments are specifi ed 

in the table, the appropriate class will be given to the person.

2. If the patient has two overlapping impairments which belong to diff erent classes, the class may 

be upgraded in the view of the severity of impairment.
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 Hearing aids and  artifi cial ears

A hearing aid is a tool which can compensate for the hearing ability of those 

persons who have lost their hearing or have an impairment. When a loud sound 

is needed to be produced, sounds are first collected by a microphone, then 

amplifi ed and fi nally reproduced by a speaker. This mechanism is installed in a 

small device, and it has been developed as a hearing device. Some of the newly 

developed hearing devices have a function which operates as an adjuster of 

sound. The function improves the effi  ciency of the hearing aid as the range of 

sounds heard by persons with a hearing disability is often signifi cantly diff erent 

among diff erent individuals. Moreover, some aids are digitalised and they are 

programmed so that the device is controlled automatically in accordance with 

the situations they are in. This permits them to have hearing functions close to 

that of an unimpaired person.

An artifi cial ear is an instrument which compensates for the user’s  hearing 

disability by stimulating the hearing nerves electrically through a thin electrode 

which is implanted in the cochlea of the inner ear of the user. Sound picked up 

by a microphone hung on the ear of the user is converted into electric signals 

by a sound spectrograph, and the signals are then transmitted to an electrode 

in the inner ear. In contrast, a hearing aid is a device which is placed outside of 

the ear and it conveys a sound from the middle ear to inner ear while amplify-

C H A P T E R  S I X

Communication and transportation of

persons with a hearing disability
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ing the sound. The sound produced by a hearing aid is closer to the sound 

heard by people with normal hearing ability than the sound produced by, for 

example, an artifi cial ear. On the contrary, the sound produced by an artifi cial 

ear is heard by the nerve centre of the ear, as the sound is produced while an 

electrode implanted in the inside of the cochlea is stimulating the hearing 

nerves of the ear.

When a hearing aid is put on each ear, the range of sound heard by the user 

expands significantly in comparison to the case where only one hearing aid 

is put on either the right or left ear. By using both ears, people can recognise 

such things as language and the movements of people’s faces, and also they 

can analyse the distance to the sound and the direction of the sound. If people 

hear sound from only one ear, the distance and direction of the speakers will be 

diffi  cult to recognise. Acoustic sense helps people distinguish what they want 

to hear among many diff erent sounds. This function, so-called “cocktail-party ef-

fect”, becomes active when both ears are used. Hearing with both ears can also 

reduce the amount of fatigue felt by a person because even small sounds can 

be picked up easily.

Types of  hearing aids

Basically, four types of hearing aids are available as described below. The most 

popular ones are the type for inserting into the ear and the type for hanging on 

each ear. There are other types of hearing aids beside the four types described 

below. Some aids are embedded with a FM receiver which is eff ective in noisy 

circumstances, while some aids can compress frequency so that the treble con-

sonant is easily heard.

(1)  Hearing aid for inserting in the ear

This aid can be put into the inside of each ear and it is not easy to be seen 

from outside. This type is usually tailored in accordance with the shape of 

each person’s ear and the diff erent hearing-ability of users. Once it is made, 

it fi ts well to the ear shape of each user and therefore it will not fall out from 

the ear easily. Thus, the users fi nd it very comfortable. The acoustic quality of 
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this type of hearing aid is very close to the sound heard by unimpaired peo-

ple, since the sound produced by the hearing aid is conveyed directly into 

the ear-hole. However, the price is higher than other hearing aids, and this 

aid usually has fewer functions than other hearing aids. Another disadvan-

tage of this type is that when the aid is put very tightly into the ear, the user 

can hear the echo of his/her own voice, and also when the aid is inserted 

relatively loosely, the user hears a sound as if the aid is howling.

(2)  Hearing aid for hanging on the ear

This is a type that hangs on each ear, so that the aid is set behind the ear.  A 

variety of size, models and price of hearing aids is available, and they match 

diff erent levels of hearing disability. The volume is adjustable either manu-

ally or automatically. This type of aid for hanging on the ear comes with a 

variety of options. However, they also have a few disadvantages. One is that 

sweat from the user can get into the device and cause mechanical prob-

lems. Another disadvantage is usually felt by people who wear eyeglasses 

in everyday life. This type of hearing aid is designed similar to glasses, and 

the users often fi nd that it is not comfortable to wear the hearing aid and 

glasses at the same time. However, in addition to the merits already de-

scribed, there is one more signifi cant merit to this type. This type of hearing 

aid produces less howling compared to, for example, the hearing aid which 

is designed to be inserted in the ear. This is because the microphone which 

picks up sound is designed to be kept away from the ear-hole. The type of 

hearing aid which hangs on each ear has become the standard type world-

Figure 6-1  A hearing aid for inserting in the ear
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wide, though the type inserted in the ear is still popular in Japan.

(3)  Hearing aid for putting in a pocket

This is a hearing aid of which the shape is similar to a portable radio with an 

earphone. The sound produced from the speaker of the aid is carried direct-

ly to the inside of the ear and this helps producing a good quality of sound. 

The cost of the aid is not expensive. It also has the advantage that operation 

of the aid is easy because the body of the aid is big. However, some people 

find that the cord between the body and the earphone is annoying and 

that the rubbing sound created while the user is walking is noisy. The design 

and specifi cation of this type are seldom renewed, and an analogue circuit 

Figure 6-2  A hearing aid for hanging on the ear

Figure 6-3  A hearing aid designed to be put in a pocket
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is usually embedded in the pocket-type of hearing aid. Both hearing aids of 

the type inserted and of the type hanging on the ear are more suited for us-

ers who play sports.

(4)  A spectacles-type of hearing aid

Two types are available. One type is a hearing aid which is designed to be 

set onto each temple tip of a pair of spectacles after their purchase, while 

the other type is designed to be embedded into the temple tip of a pair of 

spectacles before purchase. The glasses and hearing aids are put together; 

thus the aids do not easily fall off  and they are not easily seen from outside. 

However, spectacles and hearing aids cannot be separated—or cannot 

easily be separated—so that when the lenses of the spectacles require a 

change, the aid also has to be changed or readjusted.

Digital  hearing aid

With an analogue hearing aid, the sound signal collected by the microphone 

is amplifi ed and produced from an earphone. In contrast, with a digital hearing 

aid, the sound signal is at fi rst converted to digital sound, and amplifi cation and 

other complicated processes are conducted. Then the digital sound is convert-

ed to a sound signal again, and fi nally, the sound is produced from an earphone. 

Processing of a digital signal can eliminate noise and distortion of sound, and 

thus the sound produced from a digital hearing aid is very clear. A digital hear-

ing aid has a mechanism to pick up only conversations among diff erent sounds 

and noises, while emphasising the treble consonant to help hearing.

The function for eliminating noises has been improved and newly devel-

Figure 6-4  A spectacles-type of hearing aid
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oped digital hearing aids can eliminate ambient noise signifi cantly. However, it 

has been found that the elimination of ambient noise makes the user uncom-

fortable or even scared, and that ambient noise is necessary as a source of infor-

mation for the users.

Wearing hearing aids on both ears

Wearing a hearing aid on or in each ear can activate the hearing-related func-

tions more than when an aid is worn by only one ear. Hearing ability improves 

signifi cantly, and the burden put on the ear of the users is reduced, when aids 

are worn on both ears. In America, about 68 % of all hearing-aid users wear two 

hearing aids in or on each ear. The number is increasing, though gradually, in 

Japan, too.

The eff ects of wearing aids on or in both ears are:

(1) It is easy to distinguish between what is necessary and what is not among 

diff erent noises. It is easy to hear conversations in noisy circumstances.

(2) It is easier to distinguish and recognise the direction and position of the 

sound being produced, as well as the depth of sound.

(3) Sounds heard are closer to what is heard by an unimpaired person.

(4) Less tiredness is felt by users, since the users can hear even small sounds.

Yasumasa Arai (36) has pointed out that both the right- and left-sides of 

 brains are activated more when a hearing aid is worn in or on each ear at the 

same time, and this helps the users to have more complicated and sophisticat-

ed communication. Much of the  sound collected by an ear is conveyed to the 

side of the brain opposite to the side of the ear. For example, information which 

enters the right ear is conveyed to the left-side brain. There is a cadence in con-

versation, and the cadence helps conveying, for example, emotions which can-

not be expressed through language. The meaning of language is processed by 

the left-side brain, while emotions and other information are processed by the 

right-side brain, as shown in Figure 6-6.
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Purchase of a  hearing aid

Consultation with one or more otolaryngologists is necessary in the case of pur-

chasing a hearing aid. It is necessary to have check-ups to fi nd out the status of 

one’s hearing. It is also important to fi nd out what the cause of the hearing loss 

is and how much hearing ability is left. Based on the diagnosis, otolaryngolo-

gists can advise the patient as to what the most appropriate hearing aid will 

be, and they may even off er advice on which shops are better for the purchase 

of the hearing aid. Usually, certifi ed hearing-aid technicians will provide appro-

priate advice in the shops or with the dealers of hearing aids. Those people in 

Japan who need to purchase a hearing aid are, in principle, recommended to 

buy a hearing aid in affi  liated stores of dealers’ associations, or in special shops 

which satisfy certain conditions about facilities as well as having certifi ed staff . 

Purchasers need to think about battery changes or the sort of fi ne adjustment 

which is unavoidable in the future.

Figure 6-7 is a mark which indicates those shops certifi ed by the  Association 

of Technical Aids (ATA) of Japan, proving that they have passed an examination 

of qualifi cation. Shops which have been certifi ed by ATA are required to have a 

screening every fi ve years.

Figure 6-6  The actions of the right and left brain

From the right ear to

the left brain

From the left ear to

the right brain

The side for emotions

  shapes and others

  thinking
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History of the hearing aid

The hearing aid has a long history and dates back to the time when people 

were using animal horns and shells to amplify the sounds that enter ears. Such 

primitive hearing aids were improved and, eventually, a hearing aid called an 

 ear-trumpet (shown in Figure 6-8) was introduced. The ear-trumpet is used by 

being inserted in the ear. Ear-trumpets were produced in a variety of shapes 

and types. Beethoven, for example, was using this as a hearing aid in his later 

life. The mechanism and design of the ear-trumpet were improved over the 

years and it was industrialised by Frederik Charles Rein in London in around 

1800 (37).

Ear-trumpets were commonly used in the 18th and 19th centuries. By then, 

ear-trumpets were made of brass or thin metal materials. Hard rubber which 

was painted black was used to cover the aid, in order for it to blend in with the 

colour of clothes people were usually wearing around the time. A large-size 

ear-trumpet could produce a sound of 40-50 dB and this acoustic gain was fa-

Figure 6-7  The mark indicating that a shop is certifi ed by ATA

Figure 6-8  An ear-trumpet

This part is inserted in the ear.

Sound is gathered from here.
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voured by many people. The design was improved, and a famous painter, Lud-

wig Kirchner, designed an ear-trumpet in 1684 which is housed in a museum 

today (38).

In Japan, a well-known painter, Koukan Shiba, designed a trumpet-style 

hearing-aid called “ear-glasses” under the supervision of a Dutch person in 

1813 (39). Figure 6-9 is an advertisement for the ear-glasses. The hearing aid was 

termed “ear-glasses” as a contrast with the term “eye-glasses.”

The production of the modern type of hearing aid began in the 19th cen-

tury. Modern hearing aids were produced by using telephone technology, and 

allegedly, the history of electric hearing-aids started in 1876 when Alexander 

Graham Bell invented the telephone. Until then, hearing aids were not eff ective 

for persons with a severe hearing disability, but through the invention of hear-

ing aids which used batteries and a carbon microphone these devices made 

a diff erence to the lives of persons with severe hearing disability. An electrical 

transistor was invented by William Bradford Shockley in 1947 and this was a 

breakthrough in the technology of the hearing aid. Since then, hearing aids 

have been made smaller.

In Japan, a hearing aid installed with a carbon microphone was produced 

in the 1930s. The production of the evacuated-tube hearing-aid began in 1948, 

and hearing aids started to be sold on the market. In around 1955 transistor-

type hearing-aids were made and the use of hearing aids increased rapidly.

Figure 6-9  An advertisement for the hearing aid designed by Koukan Shiba
Source: Kobe-city Museum in Japan
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Methods of  communication

When persons with a hearing disability have communication with other people, 

they need special communication methods. The methods diff er depending on 

the age when they lost their hearing ability, how much hearing ability remains, 

language ability, lip-reading ability, locutionary ability, their  educational history 

and other factors. It is generally thought that all people with a  hearing disability 

are capable of using sign language, but actually many of them cannot use it. 

Persons with a hearing disability need to have more than one communication 

method if they want to obtain satisfactory information. For example, if they are 

having a conversation, they need to do lip-reading while listening, with hearing 

aids, to what the other person is saying. If it is in a lecture setting, for example, 

they need to pay attention to a sign-language interpreter while reading what is 

written on a screen. In this way, they try to obtain as much information as pos-

sible.

Some communication methods which are conducted by persons with a 

hearing disability are described below.

(1)   Sign language and manual alphabet

In Japan, the sign language is composed of two styles; Japanese Sign Lan-

guage and Manually Coded Japanese. Japanese Sign Language was devel-

oped originally as a communication method among persons with a hearing 

disability. Communication is made by using hand movements and facial 

expressions. Japanese Sign Language has its own grammar and vocabulary, 

and using the sign language together with basic Japanese language is not 

easy. Japanese Sign Language is considered separate from basic Japanese 

language. In contrast, Manually Coded Japanese is a sign language of which 

signs are consistent with the words and grammar of basic Japanese lan-

guage. When Manually Coded Japanese is used in communication, the vo-

cabulary of basic Japanese is interpreted word by word. However, Manually 

Coded Japanese is not appropriate when the users are having a complicat-

ed conversation. Today, the Japanese Sign Language is gaining more popu-

larity in Japan. A manual alphabet is used when the Japanese alphabet, the 
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English alphabet and numbers are needed to be expressed. Fingers are used 

in this method, and it is used as a supplement to sign language.

(2)   Lip-reading 

Lip-reading was invented by Alexander Melville Bell, one of the great teach-

ers of physiological phonetics in the 18th century. It was introduced to 

Japan at the beginning of the Japanese Showa period (1926-1989). Lip-

reading is a method by which the users can understand what other people 

say by observing the movements of the speaker’s lips and tongue and their 

facial expression. Understanding conversations only by using lip-reading re-

quires training and a natural gift. Those persons who lost their hearing abil-

ity after they had acquired speech language, as well as persons with hearing 

loss, use this method to fi ll in the gaps of what they cannot hear. However, 

some people speak very quickly and some people open their mouths only 

a little, so understanding what others say only by using lip-reading is very 

diffi  cult. Dull sounds in words are especially diffi  cult to pick up correctly, and 

it is said that the accuracy rate of picking them up is only around 30-40 %. If 

complicated technical terms are used, the rate decreases further. It is helpful 

if speakers say words slowly while looking directly at the face of the person 

who is lip-reading.

(3)   Writing

There is a way of having communication with persons with a hearing dis-

ability by writing. It is a method where people write words on something 

such as a sheet of paper or one’s palm, instead of producing sound or using 

the lips. Writing is a method with high accuracy in communication between 

persons with a hearing disability and unimpaired persons. It is useful in 

acute situations, since the necessary information can be conveyed correctly.

(4)   Transcript of a summary

This is a method to interpret the contents of a speech or a conversation, 

by using a transcript of a summary made by interpreters who have normal 

hearing ability. For example, in a lecture, what the speaker says is sum-

marised by some interpreters and they write the summary on an overhead 

projector so that persons with a hearing disability can read the lecture con-

tent. Personal computers are also useful for writing down such information.
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(5)  Other methods

Facsimile telegraphs, text messages on mobile phones, electric mails on per-

sonal computers and other forms of visual communication are also useful 

and common ways of communication for persons with a hearing disability. 

The facsimile has become established as an eff ective way of communication 

for persons with a hearing disability. Having conversations by using comput-

er on-line services and exchanging text messages by using mobile phones 

and internet services have become more common among those persons 

with a hearing disability. A TV telephone is also in practical way for them to 

communicate.

Information obtained visually

Visual information is very important for persons with a  hearing disability who 

cannot obtain much, or any, information from hearing. When TV programs and 

movies are subtitled, they also can enjoy them. In America, approximately 95 

% of TV programs are subtitled, while only a few programs are subtitled for 

persons with a hearing disability in Japan. As a result of campaigns aimed at 

promoting TV communication accessibility in Japan, which was initiated by 

hearing-impaired persons, a provision for adding subtitles passed through the 

Japanese diet. Since then, TV stations have started taking the addition of subti-

tles to TV programs more seriously. In present-day Japan, a decoder for teletext 

broadcasting or a TV with the decoder built in is needed in order for persons 

with a hearing disability to enjoy TV programs with subtitles. Since the speech-

conversion system was introduced, some TV programs are subtitled for persons 

with a hearing disability on a real-time basis today.

The methods of supplying news information to persons with a hearing dis-

ability include close-captioned TV programs, visual information radio, news ser-

vices in letters on mobile phones, and home-pages on the Internet. In modern 

Japan, electric bulletin boards are used for supplying information related to bus, 

train and other transportation systems, and persons with a hearing disability 

fi nd it very useful when they need to know when to get off  a  bus, for example. 

Services of rental-videos with subtitles are also available for persons with a hear-
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ing disability today.

Disadvantages in everyday life

It is diffi  cult to know whether a person has a hearing disability or not just by 

looking at them, and this creates disadvantages for them in everyday life. Some 

disadvantages felt or found by the persons with a hearing disability are de-

scribed below.

(1)  It is not easy for others to notice that their hearing ability is impaired. 

Persons with a hearing disability often cannot realise they are being talked 

to, for example, unless the speaker taps or touches some part of their body. 

Many of those persons with a hearing disability have experiences of being 

misunderstood where others think they are pretending that they cannot 

hear, or that they have diffi  culty of understanding, since they look normal on 

the outside. In particular, if such a person has both a hearing disability and 

a speech impairment, their communication is extremely limited, and unfor-

tunately such diffi  culties and disadvantages are not understood by many 

people. In spite of facing such disadvantages every day, they are sometimes 

treated and abused very badly.

(2)  They cannot notice or realise that some information is being broadcast, or 

that their name is being called.

In the case of waiting for their name to be called in places like a doctor’s 

clinic and a bank, they often do not notice even after their name has been 

called. If breaking news on, for example, an earthquake is broadcast on 

TV, they do not notice the news unless they actually look directly at the TV 

screen.

(3) They cannot judge the situations around them through sounds.

People usually can judge what is happening around them, or to them, from 

the sounds they hear. However, persons with a hearing disability cannot 

make such judgements, and thus they cannot respond to a situation quickly. 

They often lack the information they need to have for their survival.

(4)  Inadequate communication methods are used by other people.
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As a way of having communication with other people, some persons with 

a hearing disability use, for example, sign language, while others may use 

writing. The communication methods vary depending on individuals. If the 

communication method used is not adequate for, for example, a person 

whom you wish to help, you may fi nd that you cannot communicate with 

him/her at all. Finding a suitable communication method is thus also impor-

tant.

The environment for  driving  cars

Persons with disabilities should be able to participate in social activities in the 

same way as unimpaired people. In America, for example, since the establish-

ment of the  Americans with Disability Act (ADA), the opportunities provided 

for persons with a disability have increased. In Japan too, since the  Barrier-free 

Transportation Act and  Heart Building Law were established, buildings and 

places related to public transportation systems have been created as barrier-

free zones. Participation by persons with disabilities has been promoted glob-

ally, based on the normalisation principles of society.

However, not enough recognition and understanding have been given to 

the driving of cars by persons with physical disabilities. Currently in Japan more 

assist tools and devices are being developed in order to support people with 

severe disabilities in lower and upper limbs, and some  driver tools and devices 

are now available, depending on the types of disabilities people have. However, 

the support made for persons with a  hearing disability is not yet suffi  cient and 

using a  hearing aid is the only method available to them so far. Even for the sys-

tem related to acquiring a driver’s license, the views of the government and of 

persons with a hearing disability are diff erent. For instance, visual information is 

very important when persons with a hearing disability drive cars; therefore, they 

demand a systemic revision in order to improve the driving area. Meanwhile, 

though the government is considering reviewing the system for a driver’s li-

cense, common ground has not been found yet between the government and 

hearing-disabled users of cars..

It is generally thought that it is dangerous for persons with a hearing disabil-
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ity to drive a car. However, according to Japan’s National Centre for Persons with 

Hearing and Language Disabilities, which is the predecessor of Japan’s National 

Rehabilitation Centre for Persons with Disabilities, there is no scientifi c evidence 

for this (40). As one of the ways of providing technical support for persons with 

a hearing disability, Shinji Miyazaki et al. (41) pointed out the possibility of devel-

oping a device which can supply information to those drivers with a hearing 

disability. With this device, important information relating to driving can be 

detected among traffi  c noises and the noise is converted to light or vibration 

stimuli. Today, some companies and institutes are conducting research and de-

velopment on a device which can inform the drivers of oncoming emergency-

motor-vehicles by using vibrations. However, this is still not beyond the R&D 

phase yet.

History of the campaigns for the acquisition of a  driver’s license

The history of decision-making on issuing a driver’s license to a person with a 

hearing disability started at the end of 1951, according to “Japanese DEAF news”, 

a newspaper published by the Japanese Federation of the Deaf. It states that it 

was decided that “a driver’s license will be issued to persons with a hearing dis-

ability” with conditions which included installing a back mirror and always hav-

ing a fellow passenger in the car who had a driver’s license. In 1954, however, “the 

deaf and mute” were added as candidates for the revocation and suspension of 

driver’s licences in the enforcement order of road traffi  c regulations which are 

the predecessor of the  Road Traffi  c Law in Japan.

Shigeo Takagi, chairperson of the Japanese Federation of the Deaf, expressed 

his opposition to this enforcement order by travelling 5,000 km in a light-size 

car with two people who had a hearing disability safely and successfully, in or-

der to prove that there are no problems with the driving ability of persons with 

a hearing impairment. He also made a round of visits to the Tokyo Metropolitan 

Police Department and the Ministry of Welfare (presently the Ministry of Health, 

Labour and Welfare), and lobbied for the rectifi cation of the enforcement order. 

This marked the beginning of the campaigns for the acquisition of a driver’s 

license for persons with a hearing disability.
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Table 6-1  History of the campaigns for the acquisition of a driver’s license for persons 
with a hearing disability

At the end

of 1951

A driver’s license is to be issued with conditions which include installing a back mirror and 

always having a fellow passenger who has a driver’s license in the car.

1954

In 1954, “the deaf and mute” were added as candidates for the revocation and suspension of 

driver’s licences in the enforcement order of road traffi  c regulations which are the predeces-

sor of the Road Traffi  c Law in Japan.

1958

Shigeo Takagi, chairperson of the Japanese Federation of the Deaf made a 5,000 km-trip 

with two people who had a hearing disability. This trip was completed successfully without 

violating of any traffi  c rules. A round of visits to Tokyo Metropolitan Police Department and 

the Ministry of Welfare was made by Shigeo Takagi and he lobbied for the rectifi cation of 

the enforcement order.

1960

The name of the enforcement order of the road traffi  c regulations was changed to the Road 

Traffi  c Law. The words of “the deaf and mute” were changed to “the persons who are unable 

to hear and the persons who are unable to speak.” The status of issuing a driver’s license was 

changed from an absolute refusal to the delivery of the license with some conditions. The 

conditions included that the persons who wanted a driver’s license must be able to hear 

90phon of sound at a distance of 10 m from the sound.

After 1965
The idea that “a hearing aid is not good” became common in Japan, and many driver’s li-

censes were taken away from drivers with a hearing impairment.

1967

Mitsuo Toishita, a 25-year-old Japanese person with a hearing disability, was arrested for 

driving without a license.  In December, he refused to pay the fi ne by following the sum-

mary order, but instead he demanded an offi  cial trial.

1968 The Japanese Federation of the Deaf made the decision fully to support Toishita in the trial.

1972
The Japanese Federation of the Deaf called for support from its signatories, and they carried 

on campaigns of collecting signatures on a petition.

1973

The Japanese Federation of the Deaf formed “a committee calling for the revision of Article 

88 of the Road Traffi  c Law which stipulates regulations for persons with hearing and lan-

guage disabilities”, in cooperation with related organisations, including parental groups of 

children with a hearing disability and the principals of schools for the deaf. On December 

19th, 30,000 signatures on a petition calling for the revision were passed to the House of 

Representatives. 

The National Police Agency notifi ed municipal police departments that the use of hearing 

aids was permitted during audibility tests and the term “persons who are unable to speak” 

was virtually deleted. For the fi rst time, a budget was allocated to The Ministry of Health as 

a cost of the development of conducting experiments on the safe operation of cars for per-

sons with hearing and language disabilities. 

2001

A bill for the partial amendment in the Road Traffi  c Law was passed by a vote in the Lower 

House plenary session. The causes for disqualifi cation stated in Article 88 of the Road Traffi  c 

Law, where a driving license is not issued to persons who are unable to hear, were repealed.

2002-

The National Police Agency entrusted a research study on the relation between hearing 

impairments and the safe driving of cars to private research companies, using the national 

budget.

Currently

Some companies are developing devices which change the alarm-horn of emergency 

vehicles to lights and vibrations and convey them to drivers with hearing impairments. The 

National Police Agency is studying Article 23 of the enforcement regulation of the Road 

Traffi  c Law and putting the fi nal touches on deciding their direction in the future.
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A  special mark for persons with hearing disabilities

Shown in Figure 6-10 is a mark which should be displayed in a  car driven by a 

person with a hearing disability. This mark indicates that the driver of the car 

is granted a  driver’s license with some conditions. The mark was introduced in 

2008 following a review of the causes for disqualifi cation of persons with dis-

abilities. The review was conducted together with an amendment to the Road 

Traffi  c Law. The drivers are required to have the mark in their cars while driving, 

and driving without the mark is a violation of the law. However, if persons with 

a hearing disability are granted a driver’s license with a condition which re-

quires them to wear a hearing aid while driving, they do not need to display the 

mark in the car. In addition, all drivers in Japan have a responsibility to protect 

vehicles with the mark indicated, and if unimpaired drivers act badly, including 

attempts to cut into the small space in front of a car with the mark or driving 

too close to the car, they will be fi ned according to rules stipulated in the  Road 

Traffi  c Law.

Figure 6-11 indicates that the person who has or shows the mark has a hear-

ing disability. It is not usually clear whether a person has a hearing disability or 

not by their looks, and this has caused misunderstandings, disadvantages and 

anxiety to persons with a hearing disability. When the mark is shown, it is im-

portant to understand that the person displaying it has a hearing disability and 

to seek suitable communication methods.

Figure 6-10  The mark for drivers with hearing disabilities
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A  license system in relation to acoustic sense

In Japan, the causes for disqualifi cation of persons with disabilities from driving 

have included people with psychological illness, intellectual disabilities, epi-

lepsia, severe visual impairment and persons who are unable to hear or speak. 

However, sections relating to persons who are unable to hear or speak were 

abolished from the causes above according to the revision of the  Road Traf-

fi c Law of 2001. Before 2012, drivers with a hearing disability were allowed to 

drive only a basic passenger car (which excludes a goods wagon), and a driver’s 

license was granted only to persons who passed a hearing test where 90 phon 

of sound could be heard at a distance of 10 m from that sound. However, the 

regulation was amended in 2012, and they are now permitted to drive a basic 

goods-wagon as well if the vehicle is equipped with an auxiliary mirror and in-

dicates the mark for persons with hearing disabilities. They are also permitted to 

drive a 50 cc-engine motorcycle, a basic motorcycle and a large-sized motorcy-

cle without having an auxiliary mirror and the mark for persons with a hearing 

disability on the vehicle.

With regards to obtaining a driver’s license, many persons with a hearing 

disability are calling for a revision of the obligations to wear a hearing aid and 

pass an aptitude test. They argue that they could drive safely without informa-

tion obtained from their ears as long as they have visual information. They also 

point out that a hearing disability is not included among the causes of disquali-

fi cation for the acquisition of a driver’s license in many countries. In addition, 

Figure 6-11  The mark called an “ear mark” in Japan
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some persons with a hearing disability prefer having tests on the ability to col-

lect visual information to tests on their hearing ability. In the same way as unim-

paired people, driving a car is an important way to participate in social activities 

for persons with a hearing disability. Unfortunately, though persons with a hear-

ing disability have a legal obligation to wear a hearing aid during driving, many 

of them do not use a hearing aid for such reasons as the annoying noise caused 

by the aid.

Diffi  cult traffi  c conditions for persons with a  hearing disability

Persons with a hearing disability usually fi nd traffi  c conditions such as streets 

where visual information is overfl owing and roads with blind corners very dif-

fi cult to drive. They have to rely on the information collected from their eyes 

during driving. If they cannot get a picture through visual information, they can-

not understand what is going on around them. When unimpaired people are 

driving on roads with poor visibility, they can use the horn to have contact with 

other drivers if they need to do. However, that is not possible for persons with 

a hearing disability, and they often feel anxiety when they are  driving on roads 

with poor visibility. Very noisy roads also make driving for persons with a hear-

Table 6-2  The types of vehicles which can be driven by persons with a hearing dis-
ability

Type of vehicles Up to the present Currently

Basic cars
Passenger cars ○ * ○ *

Goods wagon × ○*

Motorbike × ○

Small-sized special motor-vehicle × ○

Large-sized motorcycle × ○

Basic motorcycle × ○

Note: * It is a condition that drivers must display the mark for persons with a 

hearing disability and install an assist mirror on the vehicle used.
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ing disability very diffi  cult. Moreover, they fi nd it diffi  cult to drive on streets with 

unattended audio assistance, because, though they often fi nd the audio sound 

diffi  cult to hear, they cannot have other ways of having communication there in 

order to receive assistance.

Some examples of  road conditions under which persons with a hearing dis-

ability fi nd it diffi  cult to drive are listed below.

(1) Busy roads and intersections with poor visibility

(2) Roads with many sharp curves, mountain trails and lanes

(3) Narrow streets, T-intersections and one-way streets

(4) Roads with no crossing and traffi  c signals

(5) Tunnels on motorways and roads with noisy construction work

(6) Streets with unattended audio assistance

 Information gathering by using acoustic and visual senses during 
driving

Generally, people fi nd that sound which comes from their back is more diffi  cult 

to hear than the sounds from their front, their left or right, and not many people 

can distinguish among diff erent sirens made by diff erent emergency vehicles. A 

surprising number of people do not notice the sirens of approaching emergen-

cy vehicles until they come very near them. The eff ect and comfort of  hearing 

aids vary depending on the users, and hearing aids can cause headaches and 

other negative factors.

Information gathering by vision is more diffi  cult at night than in daylight 

hours. Darkness prevents people from fi nding or detecting necessary informa-

tion. Moreover, less auditory information is available at night and this is likely to 

cause accidents and other dangerous situations.

Use of a hearing aid during  driving

Persons with a hearing disability are obliged to wear a hearing aid during driv-

ing, but many of them have had one or more experiences of driving a car with-



124

Support Technology for Transportation Environment of Handicapped People

out wearing a hearing aid. This is partly because many people consider that 

visual information is good enough for driving and auditory information is not 

necessary. Persons with a hearing ability are often very good at grasping infor-

mation about what is going around them by observing, for example, move-

ments of other vehicles. They feel that the information is adequate for driving. In 

addition, the sound and noise from a hearing aid sometimes make drivers feel 

sick during driving.  Driving with a hearing aid could cause drivers headaches, 

and some drivers need to adjust or take off  their hearing aid while they are driv-

ing.

Dizziness is also often felt by drivers when they are driving with a hearing 

aid. According to a study by Haruhiro Katoh et al., drivers feel dizziness more 

often when they are driving at the speed of 100 km/h or more on motorways (42). 

Generally, when people are driving a vehicle, 95 % or more of the information 

is gathered from vision. Moreover, the fi eld of vision of drivers gets narrower 

and the focus is on the things in the distance (43). This reduces the amount of 

visual information around the drivers. These diffi  cult conditions are then com-

bined with physical phenomena, such as the view seeming to approach drivers 

much faster during high-speed conditions than on normal roads. These factors 

cause—and become—unusual stimuli for drivers and make them feel dizziness.
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Types of  visual impairments

Persons with visual impairment are people who have diffi  culties in everyday life 

because they have no sight or have poor visual performance. Their visual acu-

ity or their condition with regards to the construction of a visual fi eld does not 

C H A P T E R  S E V E N

Physical features of persons with visual

impairment

Table 7-1  Diff erent classes of persons with visual impairment

1st class A person whose total binocular vision is 0.01 or under.

2nd class

A person whose total binocular vision is 0.02 or over, but 0.04 or under.

A person whose view from each eye is within 10 degrees, and 95 % or more of 

the visual effi  ciency is lost in the binocular view.

3rd class

A person whose total binocular vision is 0.05 or over, but 0.08 or under.

A person whose view from each eye is within 10 degrees, and 90 % or more of 

the visual effi  ciency is lost in the binocular view.

4th class
A person whose total binocular vision is 0.09 or over, but 0.12 or under.

A person whose view from each eye is within 10 degrees.

5th class
A person whose total binocular vision is 0.13 or over, but 0.2 or under.

A person for whom 50 % of the view is lost in binocular view.

6th class
A person whose visual acuity in one eye is 0.02 or under, and whose visual acuity 

in the other eye is 0.6 or under, while the total binocular vision is 0.2 or more.

Note: Visual effi  ciency is one of the methods to assess the impairment degree of visual function. The 

visual effi  ciency of unimpaired persons is 100 %, while the visual effi  ciency of a person who has no 

sight is 0 %.
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improve beyond a certain degree, even if they wear glasses or if they conduct 

other methods for correcting or improving their visual ability. People who have 

poor vision but whose vision improves by, for example, wearing glasses, do 

not belong to the category of persons with visual impairment. The  Physically 

Disabled Persons Welfare Act, which was implemented in 1995, defi nes those 

persons with visual impairment as follows:

Visual disability is divided broadly into the three categories of impaired 

eyesight, visual fi eld defect and defective colour vision. According to the Physi-

cally Disabled Persons Welfare Act, those persons with impaired eyesight and 

those persons with a visual fi eld defect—but not persons with defective colour 

vision—are certifi ed as persons with physical disabilities and granted an identi-

fi cation booklet for the physically disabled.

(1)   Impaired eyesight 

Impaired eyesight is divided broadly into two categories of complete blind-

ness and weak sight. The number of persons who are partially sighted ac-

counts for more than 70 % of the total number of persons with impaired 

eyesight, and that number is signifi cantly higher than the number of per-

sons with complete blindness. Persons with complete blindness cannot 

even sense the presence of light. The visual acuity of those persons who 

belong to the category of weak sight does not improve even if they at-

tempt to correct their vision by wearing glasses or contact lenses. Their total 

binocular vision does not reach 0.3 or more, even with glasses or contact 

lenses. The causes and symptoms of the persons with weak sight vary, and 

their ability to see also varies among individuals. The weather and their psy-

chosomatic states can aff ect their ability to see, and the power and status of 

vision change even at diff erent times of the day. As their condition deterio-

rates and their visual acuity becomes further weakened, they will reach the 

level where they are capable only of distinguishing lights, judging whether 

hands and other objects are moving in front of their eyes, and counting the 

number of fi ngers shown in front of their eyes.

(2)  Visual fi eld defect

Visual fi eld defect is divided broadly into constriction and scotoma. Scotoma 



Chapter 7  Physical features of persons with visual impairment

127

is the condition whereby the visual fi eld has degenerated and the fi eld is 

partially diminished. Constriction of the visual fi eld is the condition whereby 

the visual fi eld has degenerated at fi rst from the peripheral parts of the view 

towards the centre and gradually the fi eld becomes narrowed. Visual fi eld 

defects are the condition in which the visual fi eld is partially lost. The symp-

toms vary, depending on the causes of visual disabilities, and the symptoms 

include constriction of the peripheral fi eld (including retinitis pigmentosa), 

scotoma and defects in the centre of the visual fi eld (including macular de-

generation), and partial defects of the visual fi eld (including amotio retinae, 

glaucoma).

(3)  Defective colour vision

Human eyes have cells to detect the three colours red, green and blue, 

and defective colour vision is the condition whereby one of the three basic 

colour mechanisms is absent or not functioning. Those persons with defec-

tive colour vision have a diffi  culty in discriminating combinations of colours, 

Normal Scotoma

Constriction of the visual fi eld Visual fi eld defects

Figure 7-1  Characteristics of how patients with eye diseases see
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and in particular the colours related to red and green are diffi  cult to discrim-

inate. Some of these persons see dark-red or dark-brown colours as black 

colour, while some cannot distinguish pink and grey. At stations, for exam-

ple, if the colour of electric billboards is black, persons with defective colour 

vision cannot see the letters in red at all and they also cannot distinguish 

letters amongst red and green. Persons that suff er from cataracts caused by 

ageing have irregularities in their crystalline lens, and they often cannot dis-

tinguish among colours related to yellow and blue. Allegedly, more than 10 

% of people suff er from some sort of defective colour vision in Japan.

Ageing-related  visual disabilities

Parts of the body change as people become older, and the eyes are not an 

exception. According to a fact-fi nding investigation on persons with physical 

disabilities which was conducted by the Ministry of Health, Labour and Welfare 

in 2006, the population of persons with visual impairment of the age of 20 and 

over is 310,000, and 49.4 % of the population with such impairments are people 

of the age of 70 and over (44). This result suggests that developments in medical 

fi elds have succeeded in reducing the number of blind people among young 

people. However, an increase is also seen in the number of cases of age-related 

impairments, including decreased vision and construction of the visual fi eld.

For example, the most common cause of acquired and developmental 

blindness is retinopathy of diabetes, and the number is high among elderly citi-

zens. Other causes of visual impairments among elderly citizens are as follows:

(1)  Cataract senilis

The symptom often starts from the peripheral parts of the view and it pro-

gresses towards the centre of the view. The symptom is diffi  cult to notice 

at the beginning and the speed of progression varies signifi cantly among 

individuals. It is not rare that symptoms do not show up until death. Those 

persons who suff er from cataract senilis see lights scattered, and they have 

difficulty in seeing things even in bright circumstances and feel that the 

objects they see are bright, as if they are looking directly at an illuminant. 
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As a result, they feel that their eyes are very tired and they also feel pain at 

the back of the eyes. If the symptoms progress further, the iris of the eye be-

come clouded in a whitish colour and they lose sight eventually.

(2)  Retinopathy of diabetes  

Retinopathy of diabetes is one of the diabetic triopathy. A disorder of the 

carbohydrate metabolism causes irregularities to body parts, including the 

retinas of the eyes of people with diabetes. This causes a deterioration of 

visual acuity. This is the second biggest cause of the loss of  eyesight after 

birth in Japan. Diabetes commonly affects neuropathy, retinopathy and 

nephropathy, and these three are called the diabetic triopathy. The person 

notices no symptoms at all at the beginning. Gradually, they suffer from 

fundal haemorrhage or macular edema, and their visual acuity deteriorates. 

They also suff er from metamorphopsia. If the person suff ers from an intrav-

itreous haemorrhage or fundal haemorrhage in a broad area, they also suf-

fer from loaters and a sudden decrease in visual acuity. When people suff er 

from neovascular glaucoma, it may cause eye pain, irreversible blindness 

and phthisis of the eyeball.

(3)  Age-related macular degeneration

This is a disorder where ageing causes degeneration of the macular area on 

the eye retina. This can cause blindness. This used be called senile disciform 

macular degeneration, or ARMD. A detailed description of this disorder can 

be found on the Internet site of the Japan Intractable Diseases Information 

Centre. The initial symptom of this sickness is metamorphopsia, and often 

people are diagnosed with age-related macular degeneration after seeing 

a doctor for metamorphopsia. As the symptom progresses, they see things 

distorted. As they suff er from fundal haemorrhage, their visual acuity dete-

riorates. They also suff er from central scotoma and sometimes they go blind.

(4)  Glaucoma

The optic nerves behind the eyeball are very sensitive and when the intraoc-

ular pressure increases, the ball becomes damaged. Once it is damaged, it 

will never go back to a normal condition. Gradually, the number of the optic 

nerves decreases and the fi eld of view gets smaller. Glaucoma has become 

the number one cause of blindness recently in Japan. Constriction of the 
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visual fi eld can lead to a terminal condition without it being realised. Regu-

lar check-ups are recommended. Once it was believed that high intraocular 

pressure was the cause for glaucoma. However, it has been found that many 

people who have normal intraocular pressure also suffer from glaucoma. 

Today, it is believed that the cause of glaucoma is the brittleness of the dis-

cus nervi optici. Intraocular pressure is the biggest risk factor of glaucoma 

progressing, and the basic treatment for glaucoma is to reduce the pressure 

in order to stop the progress of the visual fi eld defect. It is reported that by 

reducing 30 % of the intraocular pressure, the progress of visual fi eld defect 

stopped for 80 % of the patients with normal tension glaucoma. Glaucoma 

is found among people who are over 40 years old and who have severe 

myopia, severe hyperopia or who have relatives who suff er from glaucoma.

Classifi cations of visual impairment, and the walking of persons with 
visual impairment

Persons with 1st-class visual impairment are not able to walk by relying on their 

vision. They need to have a white cane, a walking stick designed especially for 

visually-impaired persons, or other kinds of assistance. Even among persons 

with 1st-class visual impairment, some can still distinguish lights or hand and 

Figure 7-2  Causes of glaucoma
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fi nger movements in front of their eyes. Their conditions in their daily routine 

are signifi cantly diff erent from those persons with complete blindness. Among 

persons with 2nd-class visual impairment, those persons with impaired eyesight 

or visual fi eld defect can walk in familiar places without using a white cane. Per-

sons with 3rd-and 4th-class visual impairment can walk relatively freely. Among 

those persons with 5th-and 6th-class visual impairment, those persons with im-

paired eyesight or visual fi eld defects can walk almost similarly to people with 

normal vision.

As for reading, those persons with 1st- and 2nd-class visual impairment 

use Braille, and those persons with 3rd- and 4th-class impairment use support 

equipment when they read writing with small letters. Those persons with 5th- 

and 6th-class impairment can read writing nearby with glasses, but they have 

diffi  culties with reading things such as timetables or the schedule of fees in a 

station.

The timing of occurrence of  visual impairments

When and how impairment occurs can have diff erent impacts on the psychol-

ogy of diff erent individuals as well as on their daily lives. The timing of the oc-

currence of impairments is divided basically into two categories: the congenital 

disorders which occur at birth; and the acquired and developmental disabilities 

which occur after birth (e.g. in childhood, late-middle age and old age).

Generally, completely-blind persons with congenital visual impairment 

cannot have images of objects which they cannot touch. However, they often 

attend and receive training at schools for the blind for such activities as using 

 Braille and walking, hence they often can handle daily living better than persons 

with acquired and developmental visual impairment.

As for persons whose visual ability is impaired in the later years of their lives, 

including in their late-middle age and old age, they can receive images of ob-

jects or things by using their memories formed before the time of occurrence 

of impairment. Those persons whose visual impairment developed at older age 

tend to have diffi  culties in learning Braille.

People’s understanding and thinking of matters or things in daily life can be 
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aff ected greatly by the timing of the occurrence of impairments. Losing sight 

suddenly and completely because of an accident, for example, causes a sudden 

change in living circumstances which comes as a great psychological shock to 

the suff erer. Those people who have lost their visual sight suddenly and com-

pletely often have diffi  culties in accepting their disability and overcoming their 

confl ict and anxiety.
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Walking with a guide

Walking with a sighted-person is the safest and most effi  cient way of walking 

for persons with visual impairment. According to a study conducted by Ichiro 

Tanaka et al. (45) on the tracks made by people walking with visual impairment, 

visually-impaired people have diffi  culties in walking straight and they tend to 

move in a rightwards direction while walking. When visually-impaired people 

visit places for the first time, they feel more comfortable and safe if they are 

guided by sighted-persons. However, this doesn’t mean that the mere presence 

of a guide makes them feel comfortable. It is important for the people who try 

to off er help to make eff orts at reducing any psychological stress held by the 

persons with visual impairment.

As shown in Figure 8-1, the basic way of providing support to persons with 

visual impairment is to lead them by letting the visually impaired person hold 

one’s arm (the back of the elbow). When the person with visual impairment 

wants to use a white cane, they can hold the guide’s right-arm and then walk 

a half or one step behind the guide. This method helps the person with visual 

impairment follow the movements of the guide, and it helps them know the 

circumstances around them and the direction in advance every time they both 

make another step forward. This method also helps them to let their hand go if 

they need to. The guide must not hold the arm or the white cane of the person, 

C H A P T E R  E I G H T

Transport of persons with  visual impairment 

and their daily lives
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since the action may make them feel anxiety.

It is important for guides to receive training on how to support a person 

with visual impairment, and it is equally important for the person with visual 

impairment to be trained by experts on how to walk. The number of walking-

trainers is few in Japan. In 2002, the number of people with visual impairment 

was approximately 315,000 and the number of the trainers was only 612. These 

fi gures indicate that more trainers are needed urgently.

Walking alone by using a  white cane

Persons with visual impairment can choose to walk alone only with the help of 

a white cane. While walking alone by using a white cane, they need to combine 

their acoustic sense, their sense of smell, sense of touch, cutaneous sense and 

other senses as well. There are three basic roles in which a white can is used.

One of the roles is to collect information. Users tap the road surface con-

stantly with their white cane while walking, and they discern obstacles and the 

nature of the road surface through the sounds and touch felt by tapping. By 

doing this, they can check where they should put their feet a little in advance. 

The second role is to assure safety. As users tap the road surface constantly with 

a white cane, the cane touches any obstacles in front of them. This can prevent 

Figure 8-1  The basic way of leading people with visual impairment to necessary 
places and activities

The guide stands to the side and

half a step in front of the person 

with visual impairment, who does

not have a white cane.

The person with visual impairment

holds the elbow of the guide lightly

from behind.
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them from crashing into these obstacles. Sometimes, the cane can act as a 

cushion between the person and the obstacle and it can ease the shock. But 

while the cane is suitable for discerning conditions on and near the road sur-

face, it is diffi  cult to prevent the person using it from walking into, for example, 

side mirrors of trucks and other obstacles which are located high off  the ground. 

The third role of a white cane is to send signals to other people. If a person is 

walking with a white cane, it can send a signal to other people that he/she has 

a visual impairment. Such a signal is very useful in the situations like busy streets 

where cars, motorbikes and other vehicles are driven. The drivers can avoid get-

ting too close and they can communicate to the person in other ways, such as 

using the horn when it is necessary. Training by experts is required for persons 

with visual impairment when they use a white cane.

Incidentally, among the total number of people who use a white cane on a 

daily basis in Japan, 30 % of them are persons with complete blindness. Some 

people seem to walk with a white cane without any special problems, but these 

people often have some visibility.

Walking with a  guide dog

Walking is one of the most important and basic activities in people’s daily life, 

and using guide dogs is one of the most eff ective solutions for the diffi  culties in 

mobility suff ered by persons with visual impairment. Guide dogs are specially 

trained and they can lead visually-impaired people while avoiding obstacles. 

This helps people to have independent mobility. When they are walking to-

gether, the guide dogs lead the visually impaired persons in certain directions 

by taking orders from them while securing safety. The guide dogs are specially 

trained so that they can provide the owners with information about things such 

as obstacles ahead, intersections, steps, the entrance and exit of buildings and 

so on.

The users of guide dogs also require special training. For example, when 

a person with visual impairment wishes to have a guide dog in Japan, he/she 

needs to spend some time together with the dog and to have special training 

in order to acquire basic techniques for walking with the guide dog at a train-
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ing centre. The training usually takes about three weeks. After the training at the 

centre, the user has two-weeks of walking training around his/her house with 

special trainers who visit his/her home every day. In Japan, even the dogs which 

have received special training are not admitted as guide dogs unless a harness 

is put on, and the user is also required to have a permit on him/her while walk-

ing with a guide dog. According to a survey conducted in 2005 by the Nip-

pon Foundation, the number of the guide-dog users was 957. The number of 

people who wished to have a guide dog immediately was about 4,700, while 

the number of people who were thinking of having a guide dog in the future 

was about 3,100. This means that a total of 7,800 people were waiting to have a 

guide dog (46).

Burdens received by visually-impaired people while walking alone

When visually-impaired people who have already received some sort of train-

ing from special schools or facilities wish to walk from one place to another, 

they have the choices of walking with a white cane, a guide dog, a helper or 

assist tools. However, even when visually-impaired people walk while receiving 

assistance from such as a guide dog or other assist tools, their psychological 

stress is much higher than the stress felt by sighted-people when they walk 

alone. Visually-impaired people may be able to walk relatively freely in places 

that they are familiar with if they are with some kind of assistance, but a sudden 

change of routine or unexpected events while walking will cause confusion and 

psychological chaos to them. There are limits to memorising every detail of the 

streets and places where they walk around regularly, and also sudden changes 

or some irregularities are unavoidable. According to a study conducted by Mo-

tohiro Ohkura (47) on obstacle avoidance, when persons with visual impairment 

are walking without any orientation hint of the direction, the attention they 

pay is mostly to keeping in the correct direction. Furthermore, the heart rate of 

persons with visual impairment becomes much higher when they are walking 

alone than when they walk with the assistance of a sighted-person, according 

to a study conducted by I. Tanaka (48).

Regarding research by Ikeda et al. (49), in a comparison of the heart rates 
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between visually impaired people and unimpaired people, it was shown that 

visually impaired people’s heart rates were higher than unimpaired people’s on 

all sections of the sidewalk (see Figure 8-2). Walking for visually impaired people 

required not only muscle activity, but also additional mental strain from deter-

mining the road-surface condition with a white cane.

 Symbol marks for persons with visual impairment

Figure 8-3 shows the universal symbol for visually-impaired people which was 

enacted by the World Blind Union in 1984. The symbol is used for buildings, 

equipment and devices which are designed barrier-free in consideration of the 

safety of persons with visual impairment. The symbol is also seen on traffi  c sig-

nals, international Cecogrammes and in books.

Shown in Figure 8-4 is a “guide-dog mark” which was designed to raise the 

awareness of guide dogs in the company of visually-impaired people in Japan. 

The Law Concerning Assistance Dogs for the Disabled is a law which imposes 

on public and private facilities the duty to accept  guide dogs, partner dogs 

Figure 8-2  Mean relative heart rates
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and hearing dogs in the company of the disabled. The law was implemented 

in public sectors and private sectors in May, 2002, and in October, 2003, respec-

tively, in Japan. In present-day Japan, assistance dogs are permitted to enter 

department stores, supermarkets, hotels, restaurants and other private facilities 

as well as public facilities including transportation systems, in the company of 

persons with physical disabilities. Assistance dogs play their roles not as a pet 

but as a part of the body of physically-challenged people. The dogs are trained 

and have acquired social manners, and they are to be kept under good hygiene 

control. Unfortunately, it is still not rare for persons with visual impairment to 

be rejected from entering and staying at hotels or restaurants if they are with 

a guide dog, due to the lack of understanding of guide dogs among ordinary 

people.

Figure 8-4  A guide-dog mark

ほ じ ょ 犬
け ん

W e l c o m e !

Figure 8-3  The universal symbol for visually-impaired people
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 Braille block

The Braille block was invented by two Japanese people, Seiichi Miyake and 

Hideyuki Iwahashi, in 1965. One day they realised that the boundary between 

moss and soil could be felt and distinguished by feet even if wearing shoes, and 

this became a hint for designing the Braille block (50). The fi rst Braille block in the 

world was placed on one of Japan’s national roads, Route 2, in front of Okaya-

ma-prefectural school for the blind in 1967. This became possible after repeated 

negotiations with the Ministry of Works, the predecessor of today’s Ministry of 

Land, Infrastructure, Transport and Tourism. Following the implementations of 

the Heart Building law in 1994 and the  Barrier-free Transportation Act in 2000, 

Braille blocks were set in traveller-facilities and on roads, stations, intersections 

and their surrounding areas as part of creating barrier-free zones. The Braille 

block shown in Figure 8-5 (b) is the type in which only raised parts of tactile sur-

face of the block are laid on the carpet. The Braille block is blending right in with 

the rest of the area without losing its eff ect.

Diff erent kinds of Braille block have been laid in diff erent places for many 

years, but “Dimensions and patterns of raised parts of tactile ground surface 

indicators for blind persons” was standardised by JIS in September 2001, follow-

ing an appeal made by people with visual impairment for standardisation of the 

Figure 8-5  Braille block

(a) On a station platform (b) In a facility building



140

Support Technology for Transportation Environment of Handicapped People

Braille block. Guidelines for the tactile ground surface indicators on platforms of 

railway stations were implemented in December 2002.

Braille blocks can be divided broadly into three patterns of line-Braille block, 

dot-Braille block and warning-Braille block for platform-ends, as shown in Figure 

8-6. The line-Braille block is used as an indicator for the walking direction. It is 

usually laid on the ground surface to lead users to a station, facilities and other 

places. The dot-Braille block is used to draw caution from users. For example, it 

is employed to tell users that it is dangerous to go beyond the line of the dots. 

The dot-Braille block is usually laid on the ground surface of places such as the 

head of stairs, ends of platforms, the entry of intersections, gaps between the 

sections of line-Braille blocks and stopping places. The warning-Braille block for 

platform-ends is used as an alarm at platform-ends. This block is made with the 

combination of dot-Braille block and one line-Braille block, as shown in Figure 

8-6 (c). However, only a few Braille blocks have been set as it has not yet been 

long since the guideline was implemented. Moreover, in Japan, bicycles and 

motorbikes are often parked in the way and objects such as boxes are placed 

on Braille blocks laid on sidewalks, and this behaviour by people prevents visu-

ally-impaired people from using the blocks properly. This is one of many social 

problems confronted by physically-impaired people in Japan.

An additional problem is that there are some cases of the Braille block being 

stopped by a manhole cover on the sidewalk, and also there is another case in 

which the path of the Braille blocks avoids the manhole cover unnaturally. In 

  (c) Warning-Braille block for 
platform-ends

(a) Line-Braille block   (b) Dot-Braille block

Figure 8-6  Types of Braille block
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such a case, Figure 7 (b) shows a way of solving the problem of Braille blocks on 

a manhole cover.

Valid width of  sidewalks

There are places where the width of side-walks is not enough because electric 

poles, bus stops, planting zones, and other structural objects are built nearby. 

It is necessary to keep a valid width on each sidewalk by broadening side-

walks and eliminating or shifting electric poles and planting zones. Moreover, 

in towns, illegally-parked bicycles and shops’ display name-boards are often 

Figure 8-8  Illegally parked bicycles and shop displays near Braille block on a side-
walk

Figure 8-7  Manhole cover and Braille blocks

(a) Braille blocks path cut off  by manhole   (b) Braille blocks painted on a manhole
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placed on sidewalks and they are crowding the space on the walks, as shown 

in Figure 8-8. According to research on the walking behaviour of persons with 

visual impairment conducted by the author, such persons often need to stop 

on sidewalks in order to check the surface of Braille block or roads every time 

when their white canes touch the covers of side ditches. They also need to stop 

occasionally when they encounter obstacles placed by people on sidewalks. 

Illegal parking of bicycles, the placing of shop displays and some other moral-

related problems should be solved by teaching children that such behaviour 

causes trouble for people with visual impairment, people in wheelchairs and 

other physically challenged people.

The diff erence in levels on pedestrian crossings

The diff erence in levels between roads and pedestrian crossings is built pur-

posefully so that people with a  white cane can detect the boundary easily. The 

diff erence is set at 2 cm by the Ministry of Land, Infrastructure, Transport and 

Tourism in Japan. The height of diff erence was set by the Ministry after conduct-

ing experiments involving persons with a physical disability in wheelchairs and 

visually-impaired people. However, the diff erence in the level off  the ground 

is too high for elderly people in  wheelchairs to climb up as the strength in 

their arms tends to be weak, while persons with visual impairment also cannot 

always feel the diff erence correctly. Incidentally, the diff erence in level is some-

times too high for even unimpaired people, according to a survey conducted 

Figure 8-9  The diff erence in level on pedestrian crossings
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by Hiroshi Ogami et al. (51). For example, users of baby strollers which have small 

wheels need to pick up the front and rear wheels alternatively in order to go 

over the diff erence in height levels.

 White canes

White canes are a white walking stick used by persons with visual impairment 

when they walk. Generally, the diameter of the cane is 2 cm and the length is 

around 1.0-1.4 m. A white cane acts mainly for information gathering, such as 

learning the diff erence in the level on roads and the gaps among roads, as well 

as acting as a system to remind other vehicle drivers and pedestrians about 

the presence of a visually-impaired person on roads. A white cane is titled as a 

safety cane for the blind in the Physically Disabled Persons Welfare Act and is 

included in the category of welfare tools in Japan.

It has been a long time since walking canes became an essential tool for 

persons with visual impairment, and it was after the First World War that walk-

ing canes were painted white and made shiny. It is said that an English person 

called James Biggs fi rst painted the cane white so that the users could be no-

ticed easily by other people even on busy streets. It is also said that a French 

person, Guilly d’Herbemont, designed the current shape of the white cane after 

she saw visually-challenged people were in danger as the number of vehicles 

increased on roads. She got a hint from the baton which her husband was us-

ing. She also encouraged unimpaired people not to use white-coloured walk-

ing sticks.

The currently used white canes are divided mainly into a standard type and 

a portable type. The standard type has no joints, and hence it has excellent 

transmissibility. This type suits those situations when the users walk alone. The 

fold-type and slide-type have less transmissibility than the standard type, but 

they are portable and convenient for carrying when the visually impaired are 

using a bus, train or some other transportation system. Some modern white 

canes are embedded with an ultrasonic sensor and they can convey the exis-

tence of obstacles to the users by vibrating.

The canes are usually in white, but yellow-coloured canes are also available. 
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Only white-coloured canes were recorded in the  Road Traffic Law in 1960 in 

Japan. However, when the Law was revised in 1971, the yellow-coloured canes 

were added to it. The reasons for adding yellow-colour canes are that yellow is 

often easier to notice than white and white-colour assimilates into the back-

ground in places with snow. The diff erence in colours is not used to identify the 

diff erences in types and severity of disabilities among people.

Paying attention to people walking with a  white cane

People walking with a white cane are not necessarily in need of immediate 

help. When a person is walking with a white cane, people around the person 

should pay attention to see if he/she is at great risk. When, or if, a person with 

a white cane is at great risk of, for example, falling from a platform or steps, 

and when, or if, the person looks as if he/she is in trouble, support given by the 

people around the person would be helpful.

When visually-impaired people walk with a white cane, they usually focus 

their attention on the tip of the cane. Guiding them by holding the hand with 

the white cane or holding the cane itself prevents the person from gathering 

information. People should give help to them by standing on the opposite side 

from the hand holding the cane. Persons with visual impairment have diffi  cul-

ties in grasping what other people are trying to do with them since they cannot 

see the situation with their eyes. Guiding them by touching their shoulder or 

hand is often felt, by visually impaired people, as if they are being pushed from 

the back—hence, they feel anxiety. Verbal communication while guiding to 

them is a good way to make them comfortable, and clear indications such as 

left or right are more helpful than vague words such as there or over there.

In present-day Japan, as a part of creating barrier-free environments, special 

training and education for helping the disabled are given to the staff  and per-

sonnel in some facilities and public places, since they are likely to encounter the 

physically-challenged people.
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History of  guide dogs

In 1819, in Vienna, a priest named Johann Wilhelm Klein trained a dog so that 

the dog could help persons with visual impairment. The dog trained by Klein is 

thought to be the fi rst guide dog in the world. The fi rst facility for training dogs 

as guide dogs and as a part of welfare services was established in Germany after 

the First World War. The purpose of this facility was to provide support to mili-

tary men who had had visual impairment caused by the war.

The fi rst four guide dogs were imported from Germany to Japan in 1939. 

The history of training of dogs as guide dogs in Japan began in 1957, and guide 

dogs have been often called “eye-mates” in Japan after 1972. The Japanese Road 

Traffi  c Law was revised in 1978 and it was stipulated that persons with visual 

impairment must walk with either a white or yellow cane or a guide dog which 

is specified by Cabinet Order. The entry of guide dogs to public transporta-

tion systems as a companion of visually-impaired persons was granted in ac-

cordance with the revision of the law. In 2002, the  Law Concerning Assistance 

Dogs for the Disabled was enacted. This law works to impose on public facilities 

the duty to accept guide dogs, partner dogs and hearing dogs in the company 

of the disabled. The law bound only public facilities to any performance of the 

obligation at the beginning, but in 2003, restaurants, hotels and other private 

facilities began accepting the entry of guide dogs.

Guide dogs are given training at facilities appointed by the National Public 

Figure 8-10  A guide dog
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Safety Commission in Japan, and it takes approximately one year to complete 

the training. Currently, there are nine facilities for training in Japan. Labrador 

Retrievers and Golden Retrievers are the most common types of guide dogs in 

Japan, and the total number of guide dogs was 1,043 in 2012 according to the 

Ministry of Health, Labour and Welfare.

 Traffi  c-light machine with an  acoustic device

A traffic-light machine with an acoustic device is a traffic-light machine de-

signed for visually-impaired people. The traffi  c light with an acoustic device can 

inform the people of the change of lights by sounds. The Japanese fi rst traffi  c-

light machine with an acoustic device was introduced in Tokyo in 1955, and it 

informed people of the change of lights by producing the sound of a ringing 

bell. Since then, the machines have been put in places that visually-impaired 

people are likely to use frequently, and the number of the machines accounted 

for in 2006 was approximately 14,200 (including 12,750 of imitative-sound and 

1,450 melody-sound). Some of the machines have a speaker embedded as 

shown in Figure 8-11. The colour of the speakers used to be yellow, but white or 

gray coloured speakers have become more common.

In present-day Japan, there are two types of traffi  c-light machines with an 

acoustic device available. One is a normally-on type, which produces sound 

every time when the light changes to green, and the other is a push-button 

Figure 8-11  The push-button of a traffi  c-light machine with acoustic device



Chapter 8  Transport of persons with visual impairment and their daily lives

147

type, which is activated only when a button is pushed. The push-button style is 

more common, except in some parts of city centres. This is because many com-

plaints have been made about the noise frequently made by the device of the 

normally-on type. Today, the sound produced by the normally-on type is often 

controlled so that no sound is produced at night.

An imitative-sound and a melody-sound were mainly used as guiding 

sounds originally and the sound of a bird singing is applied to both the imita-

tive and melody types. The imitative-sound style of traffi  c-light machine with 

an acoustic device employs a system whereby diff erent sounds are put out al-

ternatively from the two speakers located at each side of a pedestrian crossing. 

Both the imitative- and melody-styles were, however, often used in the same 

area, and this confused users. In 2003, Japan’s National Police Agency issued an 

offi  cial notice on improving the conditions (52), and one of the imitative-sound 

types with alternative-sound production has gradually disappeared. Since then, 

studies on traffi  c-light machines with an acoustic device have been conducted 

in cooperation with the Japan Federation of the Blind, and it has been proved 

that the imitative-sound type with alternative-sound production has a high in-

duction property. As a result, the National Police Agency has established instal-

lation and investment policies, and it has been decided to standardise the use 

of the imitative-sound type with alternative-sound production throughout the 

country.
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Getting-on and getting-off   trains, and the reserved space for persons 
with physical disabilities

Shown in Figure 9-1 is a wide  ticket-gate (90 cm-width) which is designed for 

wheelchair occupants to go through in a  wheelchair. In Japan, most stations 

have at least one ticket-gate with this similar width, and the wide gate is usually 

located at the very end of the line of gates. However, the size is not quite wide 

enough for a wheelchair to go through comfortably, and thus the occupant 

needs caution while propelling the chair.

A call-button is usually set up on each  platform of  stations (see Figure 9-2). 

C H A P T E R  N I N E

Public transportation systems in Japan

Figure 9-1  A wide ticket-gate
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Any person with physical disabilities can push the call-button and have verbal 

communication with station attendants. When the disabled person needs as-

sistance, a station attendant comes and waits for the arrival of a train together 

with him/her, and they provide assistance when the train has arrived. If a wheel-

chair user needs assistance, a station attendant sets a folding board across the 

gap between train and platform after the door of the train has opened. The 

wheelchair occupant can get on the train while sitting in the chair. While the 

occupant is moving into the train, an announcement is being made to say 

something to the eff ect of the event and the train will not start moving until 

the action of transferring the wheelchair is completed. The staff  at the starting 

station inform the station where the occupant will get off  that a wheelchair user 

is on the train. The occupant can thus receive the same assistance at the desti-

nation. When the wheelchair user is coming down the board from the train, it 

is better to come down backwards in order to avoid being thrown out from the 

chair in the case of the chair tipping over.

Figure 9-3 shows a reserved space for wheelchair users in  trains. Installation 

of the reserved space is obligated by the  Barrier-free Transportation Act. The 

reserved space is often installed in new cars of trains, and each space is usually 

equipped with an emergency call-unit with which the users of the space can 

communicate verbally with the crew of the train. The space is also equipped 

with tools which can be used to secure wheelchairs to the train. The reserved 

Figure 9-2  A call-button on a platform
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space is created at the end of a carriage and it has arm rails and an intentional 

mark for persons with disabilities which is placed on the wall.

When persons with visual impairment are getting on or getting off  from a 

train, they need to be careful about the gap between the train and the plat-

form. In the case of getting on a train while receiving assistance from a guide, 

the visually-impaired person should walk directly towards the platform and 

wait at the edge of the platform. The guide gets on the train after saying, “I am 

getting on the train” and the person follows the guide. If the guide gets on the 

train by following the basic way of leading persons with visual impairment (see 

Figure 8-1), the visually-impaired person behind the guide may step into the 

gap between the train and platform. Special caution should be made for avoid-

ing such an accident. When guiding the person to sit on a seat in the train, the 

guide leads the person so that his/her knees touch the seat fi rst and then move 

the person to sit down. The guide needs to have constant verbal communica-

tion with the visually-impaired person during guidance.

 Elevators and  escalators at  stations

Each elevator at stations should be big enough for a wheelchair to enter and 

exit the elevator, as well as to turn inside the elevator. Furthermore, the size, 

shape and colours of control buttons should satisfy a certain criteria and they 

have to be user-friendly for visually-impaired persons. Elevators are usually 

Figure 9-3  The reserved space for wheelchairs in a train
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equipped with a special control-board for wheelchair users. The board is placed 

at a low position on the wall of the elevators. When the wheelchair users press 

buttons on the special board, the door of the elevator opens longer than usual 

so that the users can make entry and exit comfortably. A mirror is installed in-

side some elevators. The mirror is used by the wheelchair users for checking 

whether the door is open or closed, or whether other people are getting on or 

getting off . To create an ideal elevator for wheelchair users, the width of the en-

try and exit should be 80-90 cm or more, the height of arm rails should be 80-

85 cm from the ground, and the shape of the rail should be round.

Each escalator at train stations is equipped with a call-button which is used 

for calling for assistance (see Figure 9-5). The international mark for persons with 

disabilities is placed nearby the escalator. When a wheelchair occupant wants 

to use an escalator at a station, a station attendant fi rst places a tape across the 

landing of the escalator in order to control the entry of other people tempo-

rarily, and then the attendant stops the escalator. Three steps of the escalator 

become fl at and the attendant assists the occupant of the wheelchair to move 

onto the fl at space. A stopper which is used to prevent the wheelchair from 

moving will be set, and the wheelchair occupant puts on the brake to secure 

the chair. Usually, each step of the escalator is more than 100 cm-width, and it is 

rimmed with a colour which is easy to notice. If escalators are not designed for 

use for wheelchair users, helpers or another form of help are necessary.

Figure 9-4  The mirror and special control board inside an elevator
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 Barrier-free  buses 

The floor of buses is usually high off the ground in Japan and the steps are 

placed at the entry/exit door. These structures of steps have been a big obstacle 

for elderly citizens and persons with physical disabilities. As a part of the cre-

ation of barrier-free zones, improvements have been made on steps, fl oor and 

other parts of buses. Today, the fl oors of many buses are low off  the ground, and 

buses have been remodelled and some of the remodelled buses are installed 

with a lift. Moreover, some buses have been remodelled so that the buses have 

one or no step at the door. In particular, the buses with a lift have had a great 

eff ect in increasing the number of bus users among wheelchair users.

(1)  Non-step bus

A non-step model of a bus was first introduced in 1997. This model has 

no step at the entry/exit door, and the fl oor is designed to be low off  the 

ground. The height from the ground is approximately 30 cm off  the road 

surface, and the fl oor level can be adjusted lower when it is necessary. Tra-

ditionally, bus users have to climb one or two steps up when they ride on a 

bus. When getting on a non-step bus, if the user goes one step up, their feet 

are on the fl oor of the bus already. As shown in Figure 9-6, a call-button is 

installed at the entry/exit door of the bus so that the user can communicate 

with the driver if it is necessary. Almost all non-step buses are installed with 

Figure 9-5  A call-button placed at the entry of escalators
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special devices useful for wheelchair users, and a ramp-board can be put 

between the bus and the road surface in order for the wheelchair occupant 

to drive up on a gentle gradient. When the ramp-board is placed between 

the bus and sidewalk on roads, for example, the gradient is very close to the 

fl at surface. However, there are still some problems remaining for non-step 

buses. For example, because of the structure of non-step buses, there are 

diff erences in the level at the rear part of bus, and the number of seats in the 

bus is reduced in order to secure space for a wheelchair. Moreover, the cost 

of the model is expensive, and hence each introduction of the model is not 

possible without subsidy.

(2) One-step bus

A one-step bus is a model where the steps at the entry and exit have been 

reduced from two to one. The level of the fl oor of the bus is approximately 

50 cm off  the road surface. Though it still has a step at the door, the level of 

the fl oor is generally low and this makes it easier to get on and off  the bus. If 

a ramp-board is used when it is necessary, wheelchair occupants, especially 

electric-chair users, are able to get up the ramp into the bus without any 

help. The main diff erences between non-step buses and one-step buses are 

the inner structure and the cost of the bus itself. In addition, there is almost 

no diff erence in level inside of a one-step bus and there is no wasted space 

either. Therefore, it can ensure that a good number of seats are available for 

other bus users.

Figure 9-6  The entry of a non-step bus
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(3)  Buses with a lift

With the traditional model of bus, which has two-steps at the entry/exit 

door, getting on and off  with a wheelchair is diffi  cult and it requires having 

people to carry the wheelchair in and out of the bus. As part of a promotion 

for social participation by wheelchair users, changes were to be made to 

buses—traditionally the closest transportation system for people. As a fi rst 

step in the change, buses with a lift were introduced. Each bus with a lift 

costs approximately 10 million Japanese yen, and it requires the bus to stop 

for a longer period of time when the lift is used for a wheelchair and this af-

fects the schedules of buses. Buses with a lift gained some popularity once, 

but since one-step buses and non-step buses have been introduced, the 

popularity of buses with a lift has declined. In present-day Japan, the num-

ber of tourist buses with a lift is increasing and more buses are built with a 

low-level fl oor.

Demand-responsive  buses and special transportation service

Demand-responsive buses are a bus service to provide bus service fl exibly in 

accordance with the demands from the users, and the buses in this service do 

not follow the normal bus schedule. This service belongs to the public trans-

portation system and its role is somewhere between the main bus-service and 

taxi services. A demand-responsive bus-service was fi rst introduced in Japan in 

1972. One of the advantages of this service is that the buses are not required to 

stop at each bus stop and they do not need to stop when no customer is wait-

ing. One of the disadvantages of this service is that it is diffi  cult for the passen-

gers to estimate how long it takes to their destinations. The cost of running the 

service is more expensive than the regular bus service.

A  special transportation service (STS) is a door-to-door transport-service 

which is usually used as a daily transport-system for elderly citizens, persons 

with disabilities and other people who have diffi  culties. The vehicles used for 

this service are usually equipped with a lift and have care-helpers. This service 

was introduced in 2000 following the relaxation of market-entry regulations for 

buses and taxies. It began as a part of the revision of the  Road Transportation 
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Act. However, problems related to its management control and accidents have 

loomed since the introduction, and it requires further improvement in safety ar-

rangements.

There are three types of services in the STS. One of the services is called the 

door-to-door service and the targets of this service are people who are not able 

to use, for example taxis, alone. The vehicles used for this type of service are 

equipped with a lift and are remodelled as barrier-free vehicles. The operation 

of the service is often conducted by local taxi companies or welfare organisa-

tions which have received a commission for its operation from the local govern-

ment. The operations are thus usually conducted while receiving a subsidy from 

the local government. The second service is called a scheduled service. This 

service is similar to the standard share-ride buses. The intervals between stops 

are shorter than a standard bus service, and the vehicles used for this service are 

also equipped with a lift and the fl oor is built low. The third service is a service 

where vehicles make round trips among public facilities. The service is generally 

initiated by local government, and the vehicles are remodelled as barrier-free 

vehicles and stop at hospitals and public facilities.

Such services make it possible to provide users with more complex services 

than the conventional public transport system. These services aff ord an oppor-

tunity for people with physical disabilities to use the services independently as 

useful public transportation.

Light-rail transit

 Light-rail transit (LRT) is a medium-size city-transportation system. Under this 

system, a few relatively small-sized cars run on rails which are laid on roads. The 

term LRT was fi rst used in America in order to distinguish it from the street-car 

and tramway. The term was also eff ective in creating a new image for such a 

service. LRT has become a useful and convenient transport system for people 

who live in cities, and it has played an eff ective role in improving the conve-

nience and activities of disabled people.

Many street-car and tramway services were abolished because the punctu-

ality of the services deteriorated as many other vehicles drove on the rail areas 
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of these services. In recent years, there are many cases where the entry of other 

vehicles is restricted, and other regulations have been established in order to 

keep vehicles off  the rail areas of the service. Naturally, it is diffi  cult to obtain 

enough space for running transport systems like LRT in city centres. In such situ-

ations, it is possible to build grade-separated crossings and an underground. In 

fact, a part of LRT was built underground in the 1960s in Germany.

In Japan, tramway and LRT services have been re-examined gradually as a 

countermeasure for reducing traffic quantity and the number of traffic jams. 

Akihiro Mihoshi et al. (53, 54) pointed out that introducing LRT as a public trans-

portation system could solve traffi  c-related problems, and also it is related to 

the enlivenment of communities and towns.

As a way of creating a barrier-free environment, the fl oor-level of the cars 

used for a LRT system is usually low, and the platforms of stops are built high 

off the ground. The low floor and high platforms can solve problems which 

wheelchair occupants confront when they get on and off  the cars. Moreover, 

the stops are built nearby other public transportation systems in order to create 

a seamless traffi  c system. For instance, building an LRT stop and a bus stop to-

gether, or extending the stops on the roads to a station square, makes changing 

cars and trains become much smoother. By doing this, the convenience of the 

public transportation system is improved signifi cantly.

Figure 9-7 shows an old type of tramway of a Japanese private railway. As 

with the modernization of the city, the surrounding area of buildings was con-

Figure 9-7  An old type of tramway in Japan
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verted consequently. However, this modernization was not planned to include 

this tramway, therefore, the tramway station is left in the middle of the traffi  c. 

Not only a handicapped person, but even a physically unimpaired person has 

trouble to use the station.

Park and ride system

 Park and ride (P&R) is a system under which people commute to schools or 

companies by taking their own  vehicles to stations nearby and then changing 

to  LRT at the  stations. This system is not popular yet in Japan in comparison to 

European countries. In order to promote the P&R system, some local govern-

ments and railway companies set up a discount system for  parking vehicles. 

One of the reasons why this system has not been accepted widely yet in Japan 

is that large-size parking spaces are necessary for establishing the P&R system, 

and the land price in cities has become an obstacle for its promotion. The P&R 

system is eff ective in cities where the public transportation system is well de-

veloped, but it is not very eff ective in cities where there are not many bus and 

train services which are available, or where cars and other vehicles are daily es-

sentials.

Previously, almost all car parking costs were calculated per hour. However, 

recently, it is possible to pay for a fi xed limit of half a day or a daily unit at a 

cheaper cost, so it is easer to use the car park. Figure 9-8 shows an unmanned 

Figure 9-8  Unmanned car park
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car park which is very common. Each parking space is numbered, and when 

leaving the car park, the user has to push their own number and pay at the ma-

chine.

Barrier-free  airplanes

When wheelchair users use airplanes, they must get on airplanes before other 

passengers get on and they must get off  the plane after other passengers get 

off, for safety reasons. Because of this, it is necessary for wheelchair users to 

check in early. Unlike getting on vehicles such as a bus, train and other modes 

of public transportation, when wheelchair users get on planes they usually 

have to switch to an in-fl ight wheelchair from their own  wheelchairs. When the 

wheelchair user employs a chair of the basic type, he/she needs to switch to an 

in-fl ight wheelchair and book his/her chair as luggage. When the wheelchair is a 

bed-with-wheels or some other special type, the occupant can be taken to the 

boarding gate. Incidentally, the basic type of chair may be used until just before 

boarding today.

A variety of types of wheelchairs are prepared by airplane companies, and 

all of them are the types used for nursing care. Wheelchair users are advised to 

contact to the airline company which they use in advance. In-fl ight wheelchairs 

are often a simple and basic type and they are not comfortable to sit on for a 

long time. The occupants need to use something such as a cushion on the seat 

if the fl ight is going to be a long one.

Subsidy for each public transportation system

If a person has been granted an identifi cation booklet for disabilities and wants 

to use public transportation, they should show the booklet and then their bus 

and train fares are discounted by up to 50 % in Japan. Their taxi fare will also be 

discounted by 10 %, and some municipalities distribute free riding-tickets to 

people with the booklet. Their fare for boats and other maritime transportation 

may also be discounted, but the rate varies among the maritime transportation 

companies. In principle, the discount system for transportation is applied only 



160

Support Technology for Transportation Environment of Handicapped People

to disabled passengers, and the fare for cars and other vehicles is not discount-

ed usually. Some prefectural parks and other facilities off er a discount on using 

parking space for people with the identifi cation booklet. Whether the system 

is available or not depends on cities and prefectures, and some local govern-

ments off er the use of public parking spaces free of charge.
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This book has described the problems faced by persons with disabilities and 

focus is placed especially on the mobility of persons with physical disabilities. 

If the environment for the mobility of persons with disabilities is improved sig-

nifi cantly, their restricted mobility will be eased and their choice of jobs and 

activities will increase. As a result, they would fi nd greater motivation for fulfi ll-

ing their lives. Furthermore, if they can go out freely, then they can enjoy the 

very fl avour of living. Improving the user-friendly mobile-environment is thus 

extremely important for persons with disabilities.

Barrier-free  sidewalks, for example, should be created, together with con-

venience and safety in the entire routine of movement, from the user’s starting 

point to the destination. A partial barrier-free environment is not eff ective. It 

is important to improve the environment for movement and  assist-devices so 

that persons with disabilities can manage transportation without special help 

from care-givers. It is also important to improve road and street conditions so 

that obstacles for those persons with disabilities can be removed. However, re-

moving obstacles on streets may create other problems. For example, when the 

rolling phenomenon is eliminated from  sidewalks, super-elevation is created on 

sidewalks, even though it is hard to see with the naked eye. Super-elevation is 

created in order to let rainfall fl ow towards the road side. Such sidewalks may 

appear to be easy to drive on for wheelchair users, but in fact super-elevation 

causes wheelchairs to move towards the road side against the users’ will. Under 

Epilogue
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such circumstances, wheelchair occupants receive a physical burden on their 

muscles constantly and this will have a negative impact on their physical condi-

tion.  We should know that creating barrier-free environments do not always 

reduce burdens on the users equally.

The earth-moving/construction industry in Japan has conducted hearings 

and questionnaire surveys in order to understand whether the creation of barri-

er-free environments are actually improving the mobility of disabled users and 

reducing their physical burden. The survey method can collect a great deal of 

opinions and knowledge on a topic relatively easily, but the biggest demerit of 

such a method is that it is not objective. The eff ects of improving the environ-

ment have to be evaluated objectively by employing appropriate barometers. 

Therefore, it is necessary to develop forms of measurement which indicate the 

ease or diffi  culties of mobility for disabled people. Based on the author’s experi-

ence, various kinds of approaches to evaluation have to made, together with 

multiple forms of measurement, in order to understand the relation between 

human beings, machines and the environment.

To improve the environment for mobility, experts in various fi elds have to 

cooperate together. When Japanese people create something, they tend to for-

get about the existence of human beings, and they tend to get lost in whom-

ever they are making the product for. It is important that the ideas of various 

people, with various points of view, in various kinds of studies, are taken in posi-

tively in order to create something precious and permanent.

I would like to thank a number of people who have kindly off ered help and 

advice in preparing this book. I would like to thank also the people who took 

part in research as the subjects of experiments—without their participation and 

cooperation, none of the experiments would have been possible. I would like to 

thank Prof. Akihiro Mihoshi of Kansai University of Welfare Sciences; Prof. Masaru 

Nakaseko of the Graduate School of Health Care Sciences, Jikei Institute; Prof. 

Shigeyuki Minami of Osaka City University; Prof. Kazunari Morimoto of the Kyoto 

Institute of Technology; and Prof. Isao Takeda and Prof. Hiroaki Hirose of Takara-

zuka University of Medical and Health Care for their advice in the making of this 

book.
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lation, and Dr. Ian Richards for his help.

With appreciation to all of the people who helped me, I hope that this book 

can be somehow useful for those who are going to study the environment for 

the mobility of persons with disabilities and for those people who are involved 

in creating and improving such an environment.

This book is to be published with the assistance of a 2012 Grant-in-Aid for 

Publication of Scientifi c Research Results from the Japan Society for the Promo-
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