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as well as internationally.

Persons who suffer a serious spinal cord injury lose a large part of their mobility. Many can regain a
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Foreword

This report has been written at the request ofthe Swedish

National Road Administration (SNRA), Western Region.

The report is part of the project, Evaluation of the

importance of the vehicle in rehabilitation of spinal cord

injuries , in which the Swedish National Road

Administration and the Sahlgrenska Hospital (Spinal

Injuries Unit) were also involved. The project was

conducted within the context of the Emergency, Care

and Rehabilitation reform programme. A concise version

ofthis report is included in a project report issued by the

Swedish National Road Administration.

The report presents a survey of current knowledge

and is based on a review of the available literature in the

field. A search ofthe published literature was made in the

following databases: SAE, TRIS, Psycinfo, Roadline and

Medline. These databases provide good coverage of
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previous research in the areas oftransport, rehabilitation

and medicine, as well as the applicable standards. In

addition to the published literature identified by searching

databases, other literature collected by the author himself

in the course ofprevious project work in the area is

included.

I should like to thank Jan Petz'all, from the Swedish

National Road Administration, sponsoring editor at the

report seminar; Benny Nielsen, from the Amu Group;

Torbjom Falkmer, from the VTI (Swedish National Road

and Transport Research Institute); and my principals,

Alice Dahlstrand and Per Dahl, from the Swedish

National Road Administration, for their valuable

comments. I should also like to thank John Fulland, from

SINTEF, for his permission to make use of illustrations

from SINTEF Unimed s publications.
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Definitions, acronyms and abbreviations
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Explanation

Automobile Association. Drivers organization in England.

TheAmericans with Disability Act; now a law in the USA, which imposes requirements

for the adaptation ofbuildings and public transport, etc., for disabled persons.

A cruise control system capable of adapting the speed so that the car maintains a safe

distance from the vehicle in front without requiring any intervention on the part of the

driver.

American National Standards Institute. USA standardization institution.

Advanced Transport Telematics. European designation for transport information

systems.

Centre d adaptation 51 la route pour automobilistes handicape s (= centre for the

adaptation ofdisabled drivers). Belgian national mobility centre for functionally impaired

car drivers.

Cerebral Palsy. A form of brain damage associated inter alia with impaired motor

functions.

Derma = skin; t0m(a) = section. A picture describing how the sensorimotor nerves cover

different segments of the body.

Deutsche Normen (previously Deutsche Industrinormen). German standards, inter alia

in respect of safety.

Department of Transport (here the British Ministry of Transport).

Dedicated Road Infrastructure for Vehicle Safety in Europe. Designation for the

European research programme concerned with transport information systems.

Driver and Vehicle Licensing Agency. The British authority responsible for issuing

driving licences.

European Mobility Group. A European organization for persons who are professionally

occupied in the adaptation of vehicles for use by disabled drivers.

Hand-controlled accelerator and/or brake.

Human Machine Interaction

International Road and Transport Research Database. An international database of

published literature on research in the transport field.

Intelligent Transport Systems. Designation used for transport information systems,

mainly in the USA, but also internationally.

Intelligent Vehicle Highway System. Designation for transport information systems in

the USA.

International database of published literature on medical research.

Nordic working group for cars adapted to the needs of disabled persons.

Para = two; plegi = paralysis. Paralysis in the legs caused by an injury to the spinal cord.

International database of published literature on research in the field of psychology.

Royal Association for Disability And Rehabilitation. A support organization for persons

with functional disability in England.

A ball or some other form of handle mounted on the steering wheel.

Rehabilitation Engineering and Assistive Technology Society of North America. An

interdisciplinary organization actively involved in development in the fields of

rehabilitation and aids for disabled persons.

The library catalogue of the VTI (Swedish National Road and Transport Research

Institute).

Rddetfb r tekniske tiltakforfunksjonshemmede (= council for technical measures for

persons with functional disability), now known as SINTEF Unimed, Norway. The RTF

has published detailed material concerning the adaptation of vehicles for disabled

persons.



RTI

SAE

SCI

SOU

Tetraplegia

Transport Telematics

TRIS

TRL

WHO

Road Transport Informatics. European designation for transport information systems.

Society of Automotive Engineers, USA. Issues standards for cars and maintains a

database in respect of these.

Spinal Cord Injury (traumatic spinal cord injury).

Statens O entliga Utredningar (Swedish Government Official Reports).

Tetra = four; plegi = paralysis. Paralysis (total or partial) in the legs and arms caused

by an injury to the spinal cord.

Transport information systems. IT based support system for traffic applications. The

following concepts are also used Transport Telematics, Advanced Transport Telematics

(ATT) and Intelligent Transport Systems (ITS).

Transportation Research Information Services. An international database on published

literature in the field oftransport research.

Transport Research Laboratory (English research institute).

World Health Organization.
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Car drivers with traumatic spinal cord injury A survey with traumatic spinal cord injury

by Bjorn Peters

Swedish Road and Transport Research Institute

SE 581 95 Linkoping

Sweden

Summary
In Sweden, there are more than 800,000 persons with

impaired mobility. Of these, over 200,000 have such a

severe mobility impairment that they are dependent on

various aids in order to achieve mobility. Several

thousand of these suffer from traumatic spinal cord

injuries which completely prevent them from moving

around. Many can regain a considerable part of their

mobility and independence through the ability to drive a

car, an ability which is decisive for a satisfactory working

life and private life.

The report begins with a description of persons with

functional disabilities in traffic, the consequences of a

spinal cord injury, and the road accident involvement of

persons with functional disabilities. This is followed by

descriptions of the general and special requirements set

on car drivers with functional disabilities, driver

education for persons with functional disabilities, vehicle

grants, various vehicle adaptationsand the use of driving

simulators. The last three sections contain a number of

proposals for measures such as centres of competence for

driver education and vehicle adaptations, improved test

methods for ensuring both driver comfort and road safety,

the application of transport information systems, and

changes in responsibility for vehicle grants.

Functional disabilities and car driving are an area in

need of research, which has so far been somewhat

limited. Although there is nothing to indicate that car

drivers with functional disabilities have a different

accident rate compared to other motorists, there is

insufficient knowledge of the extent and causes of their

accidents and incidents. What is known is that even if a

car is adapted for a disabled driver, car driving is more

laborious for a person with a functional disability. It is

very likely that cars could be made better for many more

people than the disabled alone if disabled persons were

invited to take part and set demands on the general design

of cars.

The adaptation of cars for disabled persons suffering

from spinal cord injuries has a relatively long history.

Nevertheless, there is much that remains to de done in

ensuring that adaptations are safe, practical and

comfortable. Demands have beenset that adaptations

should only be carried out at accredited workshops.

However, this is insufficient and guidelines are also

needed for adapting vehicles, developing methods for

evaluating adapted cars with regard to the individual
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driver s needs and resources, and reviewing inspection

routines for adapted cars. A number of manufacturers of

cars and adaptation components have begun cooperation

that may eventually lead to better cars also for drivers

with functional disabilities. There is still a great deal of

work to be done if persons with functional disabilities,

in particular those with traumatic spinal cord injuries, are

to have access to adapted cars that are both comfortable

and safe.

Vehicle grants are very important for persons with

functional disabilities who want to drive a car themselves.

Vehicle grants should be evaluated with regardto their

importance for persons with functional disabilities. This

has not been done before. A study should also be made

to determine Whether the Social Insurance Offices should

administer vehicle grants. In actual fact, it should be the

National Road Administration that administers vehicle

grants, partly because the organisation has a general

responsibility for the transport possibilities of those with

functional disabilities and partly because this would

reduce the number of departments involved in driving

licence and car matters concerning those with functional

disabilities.

Many people in a variety of professional areas are

involved in enabling a person with a functional disability

to obtain a driving licence and a car of his or her own.

Unfortunately, communication between the various

departments is not what it should be. A study should be

made of the possibilities of establishing special centres

ofcompetence to which those with functional disabilities

can turn for help with their mobility problems.

The introduction of transport information systems, IT

based services and technology (often known as

Intelligent Transport Systems - ITS) in the transport

sector will radically change the traf c environment. Both

private motoring and public transport will be in uenced

in one way or another. The changes may have both

positive and negative consequences for those with

functional disabilities. Unless the needs and resources of

thsoe with functional disabilities are taken into account

when developing and deciding on transport information

systems, there is a risk that those standing to gain the

most benefit from the changes will be left out and in the

worst case become even more handicapped through a

poorly adapted environment.

13
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1 Background

The ability to move is such a fundamental aptitude that

anyone whose mobility is not significantly impaired

rarely gives it a second thought. A person with an injury

to the spinal cord, on the other hand, is constantly

reminded of his/her limitations. Modern society is largely

structured to suit independent individuals with high

mobility. It is accordingly particularly important for

society s efforts on behalf of those with spinal cord

injuries to be targeted at restoring as much of their

independence of mobility as possible.

The spinal cord plays a central role in our ability to

move. The ability of a person with a spinal cord injury

to move suffers a greater or lesser degree of impairment.

A spinal cord injury means that the sensorimotor nerve

paths in the spinal cord have been damaged. In other

words, impaired nerve function results in impaired

mobility, even though both the legs and the arms may be

totally undamaged. Depending on the precise location of

the damage along the spinal column, either low or high,

the functional disability will vary from slight impairment

of the gait to total paralysis.

Access to one s own vehicle, which one can manage

to drive oneself, provides the majority of persons with

spinal cord injuries with by far the greatest degree of

freedom. This survey ofthe current knowledge describes

what has been done, is being done and can be done to

enable those with spinal cord injuries tomeet their own

transport needs as car drivers. The references in the text

will provide a picture of what has been done both

nationally and internationally.

1.1 Target group

As the title suggests, the text will focus on spinal cord

injuries, in particular those of a traumatic nature, and car

driving. The expression traumatic injuries is used to

denote injuries caused by external force. There are also

other causes ofinjury to the spinal cord, such as diseases

(polio), although these can make the resulting problems

present rather differently. A spinal cord injury caused by

disease can be distinguished from a traumatic injury by

the fact that the former may have a progressive course,

which causes a chronological increase in the functional

disability. This is discussed in greater detail elsewhere in

this report. The expression spinal cord injury is used

throughout the text in the sense of traumatic spinal cord

injury. There are times, ofcourse, when the points made

in the text relate to the entire group of persons with spinal

cord injuries, regardless of the cause. The perspective of

the text also varies in the sense that the target group

sometimes comprises all persons with impaired mobility,

and sometimes all those with functional disabilities (see

VTI RAPPORT 426A

Figure l). I hope that this will not present problems in

reading the report.

I should like to comment further on the relevance of

the report by concerning myself for a moment with spinal

cord injuries and car driving. By studying the situation

of car drivers with spinal cord injuries, we also gain

insight into car driving that can be applied to persons

without functional disabilities. It is often the case that car

users with the most limited resources reveal unnecessary

and sometimes fatal shortcomings in technical systems,

which can also affect their suitability for all users. This

presumably has to do with the fact that persons without

serious functional disability are able to conceal

shortcomings in technology (the environment) by

compensating for these shortcomings through their ability

to adapt. This is why it is particularly important for

functionally impaired users to be represented in the

course of testing and evaluating new technical systems

and environments that are intended for universal use.

 

   

 

Functional disability

   
Impaired mobility

   
_ Spinal
cord injuries
  

 

, Traumatic

spinal
cord

injuries

 

      

 

Target groupFigure 1

1.2 Previous surveys of current knowledge

As far as I know, no Swedish survey of current

knowledge in this field has previously been published.

Haslegrave wrote a chapter entitled Driving for

handicapped people , in the book Ergonomics in

Rehabilitation published in 1988, which is a summary

specifically concerned with conditions in Great Britain.

Koppa published an American summary a few years later

(1990), in Human Factors. Both are exclusively

concerned with conventional technical solutions and are

targeted at impaired mobility in general and car driving.

In recent years, technical developments in the vehicle

sector have entered a new phase, in the sense that

information technology has given us access to new types

of aids or support systems in our cars.
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An EU project known as TELAID (TELematics

Applications for the Integration of Drivers with Special

Needs) with Swedish participation (VTI and the AMU

Group) was conducted in the years 1992-95. The aim of

the project was to investigate ways in which transport

information systems (see Section 7.5) can in uence the

situation for drivers with special needs (by which is

meant functional disability) when this type of support

system is installed in our cars. Transport telematics or

16

ITS systems can be described as computer-based support

systems for the purpose of improving practicability/

making it more e icient, reducing the risk ofaccidents,

and reducing the negative effect on the environment

caused by transport (see also (SOU, 1996)). TELAID

led to the publication of several reports, the first of which

is a survey ofcurrent knowledge relating to the area of

drivers with functional disabilities (Naniopoulos, 1992).
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2 Functionally disabled travellers

Persons with functional disabilities essentially have the

same fundamental need for efficient, safe and

comfortable transport as other persons in society, or

perhaps even a greater need. They need to be able to

travel to and from their work, shops, and their relatives

and friends, etc. Their transport needs are met by

travelling in private cars, on public transport and by

transportation services for disabled persons.

Transportation services for disabled persons are

expensive for the community, and the authorities

responsible have accordingly attempted more recently to

reduce these costs in a variety of ways. They have done

this partly by tightening the requirements for the use of

transportation services for disabled persons.

Considerable resources have been invested in recent

years into making public transport more accessible for

persons with impaired mobility. In spite of this, much

remains to be done before persons with impaired

mobility, in particular those with more extensive mobility

impairments, come to regard public transport as a true

alternative to transportation services for disabled persons

or their own car. Many functionally impaired persons

prefer not to use public transport because, far too often,

it is impossible to establish in advance whether the whole

journey can be completed because one or other stage of

the journey is not adapted for the disabled. The car gives

them by far the greatest freedom, although car driving

also imposes demands on the driver that perhaps cannot

be met in all cases. In other words, some functional

disabilities do not permit car driving. For many persons

with spinal cord injuries, however, access to a car oftheir

own offers an excellent way of regaining both mobility

and independence.

2.1 Handicap or functional disability - a

question of definition

We are generally lazy in our everyday use of language,

and we make no distinction between functional

impairment, functional disability and handicap, although

these expressions have entirely different meanings. The

differences are not cosmetic, but are based on the need

to be able to describe the relationship between an

individual with a functional impairment and his

surroundings. The expressions have beendefined and

described in detail by the WHO (1980). A functional

impairment is associated with an organ (e.g. an arm or

leg), a functional disability relates to an individual (e. g.

impaired mobility), and a handicap has to do with the

relationship between an individual and the environment

(e.g. a handicapped car driver). This means that a
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handicap is not an absolute condition, but is dependent

on the relationship between an individual s resources/

limitations and the layout ofthe actual surroundings. We

should accordingly not speak of handicapped car drivers,

but rather of car drivers with functional impairments or

functional disabilities, since an appropriate adaptation of

the driver s environment means that they need not be

handicapped in spite of retaining their functional

disability. I have attempted to use the above expressions

consistently with their correct meanings in the text of this

report, although I have departed from this principle when

describing the work of other authors in which the

expression handicapped is used in place of functional

disability. The concept driver s environment, used above,

is defined as the close in-car environment that the driver

ahs to interact with as a driver e.g. seat, driving controls,

switches. Sometimes you will find that other authors use

driver s cockpit but I find the concept driver s

environment clearer. This has been applied all throughout

the text.

2.2 How many are there?

Although I have explained the difference between the

expressions functional impairment, functional disability

and handicap, it is not a simple matter to decide who has,

and who does not have, a functional impairment or a

functional disability. More often than not, there are no

absolute limits, but rather a sliding scale from no

impairment to the total absence of a function. It is

estimated, for example, that approximately 1.1 million

people in Sweden consider that they suffer from impaired

mobility, i.e. they experience difficulty in running over a

short distance (Swedish Handicap Institute, 1989). More

than half ofthese people find it difficult to use stairs. The

number of people with a functional disability thus

depends on the definition that is applied, although it is

assumed that between 10% and 15% of the population

has some form of functional disability. The proportion of

persons with a functional disability is believed to be

pretty much identical in most European countries

(Sandhu &Wood, 1990) and in the USA (Vanderheiden,

1990). Vanderheiden also points out that the number of

persons with a functional disability is increasing. Many

older people have a functional disability, and

approximately 70% of those who claim to have impaired

mobility are aged over 65 years. Table 1 shows the

number ofpersons in Sweden with a functional disability

for some of the largest groups. Sandhu and Wood s data

agree closely with the recurring estimates that are made

by the various organizations representing disabled
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persons and published by the Swedish Handicap Institute.

As can be appreciated, by far the largest group is made

up of persons with impaired mobility.

Table 1 Number of persons with functional

disability in various groups (from Sandhu & Wood, 1990)

 

_ % of the % of persons
Functional . _
disability Number populat- wrth functional

ion disability*

Mobility 869 000 10.4 86.0

Hearing 460 000 5.5 45.5

Mental 160 000 1.9 15.8

Vision 110 000 1.3 10.9

Speech 40 000 0.5 4.0

   

* The total is greater than I00%, and is explained by the

fact that persons can have multiple disabilities.

2.3 Functionally disabled persons in traffic

A proportion of functionally disabled persons have such

serious functional impairment that they are unable to

drive. Most of these are persons in hospitals or nursing

homes. In 1988, Borjesson estimated the number of

functionally disabled travellers in traffic at around 12%

of the population (Borjesson, 1988). The proportion is

probably larger today, partly because the number of old

people in society has increased, and partly because ofthe

efforts that have been made to adapt public transport to

the needs of the disabled (Stahl, Brundell Frej & Makari,

1993). Certain groups of functionally disabled persons

can and do drive cars without any special adaptations, for

example hearing-impaired persons, whereas other are not

allowed to drive under any circumstances, for example

blind persons and those with severe visual impairments.

Persons whose impaired mobility is not too serious are

able to drive if the in-car environment plus ingress and

egress adapted to their resources and needs.

2.4 Car drivers with functional disability

Haslegrave (1986) estimated that 0.5% of car drivers in

Europe are physically handicapped, and that 0.2% are
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dependent on having a car adapted for the disabled.

Haslegrave uses the expression handicapped , rather

than functionally disabled . There were approximately

5.3 million drivers (licence holders) in Sweden in 1995.

This means that there should be around 26 000 car drivers

with physical functional disabilities, and more than 10

500 drivers with cars adapted for the disabled in Sweden.

It is difficult to find reliable data, partly because vehicles

adapted for the disabled are not recorded separately in

the Swedish Road Traffic Registry. A summary estimate

ofthe number of drivers with functional disabilities in the

Nordic countries is given in a VTI Notice (Peters, 1992a),

and in greater detail for Sweden (Peters, 1992b), although

it can be established on the whole that no reliable and

accurate data are available.

Taking the number of car allowances paid as the

basis, there should be an estimated 14 16 000 vehicles

adapted to drivers with disabilities (SOU, 1994). The

number may be greater, given that some people will have

financed the adaptation without applying for a grant. If

the actual number is greater than suggested by

Haslegrave, this may be explained by the fact that

Sweden has adopted a relatively generous approach

towards the provision of financial support for persons

with functional disabilities. It has proved very difficult to

find out what groups of persons with functional

disabilities are driving adapted vehicles. The current

driving licence does not specify functional disabilities

(type, extent, etc.). It is simply endorsed with any special

conditions. The new EU driving licence will use a two

digit numerical code to indicate whether the driver has a

functional disability (there will be more than 80 codes for

different types of functional disabilities), and the required

adaptation of the vehicle (80 different measures can be

combined in a variety of ways) (Swedish National Road

Administration, 1996a). The new, amended EU driving

licence was adopted on 1 July 1996. This will make it

possible to identify drivers with adapted vehicles in a

simple, and in a uniform fashion throughout the EU.

Unfortunately, it will take 20 years before all driving

licences have been replaced in Sweden.
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3 Spinal cord injuries and functional impairment

Functional impairment can be caused by traumatic

injuries, diseases, changes associated with ageing or

congenital deformities. This also applies to spinal cord

injuries, with the possible exception of changes

associated with ageing. The acronym SCI is often used

for spinal cord injury in the literature published in

English. Traumatic spinal cord injuries can be caused by

various types of injuries, of which approximately 50%

derive from road traffic accidents, 30% from jumping or

falling, and 20% are injuries related to sporting or leisure

activities. Diving and motorcycling appear to be activities

associated with a particularly high level of risk with

regard to spinal cord injuries. Traumatic spinal cord

injuries are most frequent among men, at around 80%,

of whom most are young when they suffer the injury;

their median age is 25 years. This, at least, has been the

pattern that has emerged over many years, both nationally

and internationally. The pattern now appears to be

changing, however, at least in Sweden. The breakdown

by gender has shifted in recent years, so that there are

now more women with traumatic spinal cord injuries (30-

35%), and the proportion of men has fallen to 65-70%.

The breakdown by age has also changed, and the mean

age at the time ofinjury is currently 35-40 years. A further

change is a decrease in the proportion of injuries caused

by road traffic accidents, while injuries caused by falls

have increased (Kreuter, 1997). More than 100 persons

every year are injured in Sweden (13 per million

inhabitants), and it is estimated that there are more than

2500 persons with traumatic spinal cord injuries. About

55% of these injuries are located in the area ofthe neck.

The data have been collected from an unpublished report

from the Spinal Injuries Unit at the Sahlgrenska Hospital

in Gothenburg (Kreuter, 1996). Diseases capable of

causing spinal cord injuries include polio. Congenital

deformities can include discontinuity ofthe spinal cord,

for example. However, this report is not primarily

concerned with spinal cord injuries of this kind.

3.1 Function of the spinal cord

The central nervous system consists ofthe cerebrum, the

cerebellum, the brain-stem (medulla oblongata) and the

spinal cord (medulla spinalis). The spinal cord is

protected inside the spinal column, and consists of nerve

fibres that carry signals between the brain and the various

parts of the body. Nerve roots exit inpairs via cavities

in the vertebrae and continue to specific muscles.

Different nerve fibres transmit signals to muscles (motor

nerves) and from muscles (sensory nerves), the joints,

and the skin. Imagine the body being divided into various

sections; the higher up a part of the body is located, the
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higher up the spinal column is the point at which the

sensory nerve paths enter the spinal cord and the motor

nerve paths exit. The spinal cord is thus critically

important for the sensorimotor function, and thus for our

mobility. An injury to the spinal cord causes interruption

or malfunctions ofthe sensorimotor nerve paths and leads

to impaired mobility. Injuries to the spinal cord can cause

different types of interruption. Traumatic injuries cause

interruptions in both the sensory and the motor nerve

paths. These interruptions can vary between partial and

total. Useful, but limited, residual functions may remain

in the event of partial interruption. The location of the

injury has a critical effect on the extent of the impaired

mobility (see Figure 2). All the nerve paths situated below

the point of injury will be affected. The higher up (i.e. the

closer to the head) the point of injury, the more severe

will be the functional impairment. A spinal cord injury is

thus an injury to the nerve transmission function, in the

sense that the parts of the body may be completely

undamaged although they have lost their function in full

or in part.
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Figure 2 Dermatome map (derma = skin; tome =

section) showing how the sensorimotor nerves cover

different segments of the body

The spinal column contains 33 vertebrae and is

subdivided into the cervical, thoracic, lumbar and sacral

regions. The nerves in the spinal cord affect movement

and sensation in different parts ofthe body (see Table 2).

In addition to the 30 vertebrae, there are the 3 coccygeal

vertebrae at the low end of the spine (not shown in figure

2), although these are of no significance in this context.
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Table 2

spinal cord

Nerve functions for di erent areas of the

 

Region of Level

spinal designa- Vertebrae Function

column tion

Cervical Cl - C8 1 - 8 Control of arms, neck, shoulders

(Cervikal) and diaphragm

Thoracic T1 - T12 9 - 20 Control of ngers, abdomen and

(Thorakal) back

Lumbar L1 - L5 21 - 25 Control of body posture, legs,

(Lumbal) knees, feet and ejaculation

Sacral Sl - S5 26 - 30 Control of the bladder, bowel,

(Sakral) erection of the penis and

engorgement of the clitoris and

  

ejaculation

 

3.2 Consequences of spinal cord injury

It is customary to refer to two types of injury, paraplegia

and tetraplegia, in conjunction with spinal cord injuries.

Plegia denotes paralysis, and para denotes two, which

in this case means the lower extremities (legs and feet),

although the trunk can also be paralysed to a greater or

less degree. Paraplegia is caused by injury sustained by

the lumbar and thoracic regions of the spine. Tetra

denotes four, and in this case means all four extremities

(legs and feet, and arms and hands). Tetraplegia is also

referred to as qaadriplegia in the Anglo-Saxon literature.

Injury sustained by the cervical region of the spine causes

partial or total paralysis ofboth arms and legs. The result

is tetraplegia. Functional impairment is often described

in terms of the level (along the spinal column) at which

the injury is located; e.g. C5-C6 or T7. This gives an

approximate indication of the degree of functional

impairment that may be expected to occur. There are

variations, however, depending on the type of

interruption. In addition to interruptions in the nerve paths

themselves, the spinal uid (liquor) may also be affected.

It is possible for changes in pressure of liquor to occur,

which in turn can give rise to secondary effects such as

an increased risk of low blood pressure. The effects of

an injury can thus vary widely between different

individuals and injuries. The need often arises in the

health care field to be able to describe the injury in greater

detail, for which purpose it is possible to apply aformula

known as the Spinal Neurological Classification of

Spinal Cord Injury , which was developed by the

American Spinal Injury Association. This indicates the

degree of both sensory and motor function at different

levels.

A person who has suffered spinal cord injury will

mainly experience a restricted mobility function. If no

other injuries or diseases are present, then more often

than not the other functions, e.g. sight, hearing and
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memory, etc., which are crucial to the ability to drive a

car, will still be intact. The most common problems

usually encountered by a person with spinal cord injuries

wishing to drive a car are:

0 getting in and out of the car;

0 loading a wheelchair or other goods;

0 coping with steering, accelerating and braking

(primary control functions);

0 operating direction indicators, signalling, half/full-

beam and the radio, etc. (secondary control

functions);

0 putting on a safety belt;

0 sitting in an upright/stable position (trunk instability);

0 carrying out servicing and maintenance operations.

Driving an ordinary passenger car requires the driver

to make continuous use of both the hands and feet in

order to cope with primary control of the vehicle

(steering, accelerating and braking). At least one hand,

but preferably both, should be kept on the steering wheel

to cope with the task of steering. One foot is needed for

accelerating and braking, and both feet are needed to

drive a car with a manual transmission. Both paraplegics

and tetraplegics lack function in their legs, which means

that operations normally performed with the feet when

driving a car must be performed with the hands. Although

hand function is present, it may be limited in various

ways, particularly in the case of tetraplegics. The

following can restrict the ability of persons with

functional disabilities to operate the vehicle controls

(steering wheel, pedals and all buttons ):

0 reach

strength

speed reaction time

co-ordination

stamina (strength over a period of time)

Functions that are absent can be replaced by utilizing

the remaining resources. It can be difficult to achieve this

in an optimal fashion, however, and both medical and

technical expertise may be required.

Most paraplegics and tetraplegics are dependent on

wheelchairs. Although they are wheelchair-borne, they

are not necessarily wheelchair-bound. The wheelchair

may be manual or electric. An electric wheelchair is both

heavy and expensive, which means that people attempt

to meet their needs with a manual wheelchair for as long

as it is possible. If the location of the injury is between

vertebrae C4 and C6, an electric wheelchair may be the

only solution. Persons with an injury at level C5 C6

may be able to cope with manual wheelchairs over

shorter distances. If the site of the injury is at level Cl

C4, the question of driving a car does not arise (Kreuter,

1996). The type ofwheelchair that is necessary may have
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a critical in uence on the choice of vehicle (passenger

car or van) and on the adaptation of the driver s

environment. The driver is able to load a manual

wheelchair that is not too heavy into the car unaided,

whereas a heavy electric wheelchair requires the driver

to remain seated in the wheelchair when driving, or the

car to be equipped with some form of device for loading

and unloading the wheelchair.

Apart from the fact that the function of the extremities

is affected by an injury to the spinal column, problems

may also be encountered with trunk stability, body

temperature and the respiratory function. A person with

a spinal cord injury finds it difficult to change position

when seated, which is associated with an increased risk

ofpressure sores. It is important, therefore, to ensure that

the position when seated and the comfort of the driver s

environment are as good as possible. It is important for
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the safety belt to be designed in such a way that it offers

good support for the driver, and not simply passive

protection in the event of impact. There may often be

good reasons to equip the vehicle with an air conditioning

system to ensure that an acceptable temperature is

maintained at the driver s environment. The body s own

temperature control commonly does not function as it

should in persons with a spinal cord injury. These persons

are more sensitive to variations in the climate than drivers

without these specific functional impairments. A further

aspect for consideration is that the risk of spastic cramps

increases if the person with a spinal cord injury is obliged

to make considerable physical exertions. The relationship

between the effects of functional impairments, the

driver s environment and the task of driving is discussed

in greater detail later in the report.
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4 Accidents and incidents

There are no statistics in Sweden to indicate the extent

to which drivers with functional disabilities are involved

in road traffic accidents or incidents. This means that

there are also no data for drivers with different types of

functional disabilities, such as spinal cord injuries. A

contributing factor here is that neither disabled drivers

nor adapted vehicles can be readily identified (see also

Section 2.4) in either the Swedish Road Traffic Registry

or the Swedish Driving Licence Registry. Attention was

already drawn to this situation in 1978 in a TFD report

(Transport Research Delegation, 1978). The report also

set out proposals for future actions, although nothing has

happened since then. Certain experiments have been

carried out, however, in an attempt to assess the extent.

There is a lot of evidence to suggest that both road-users

and drivers with functional disabilities do not differ from

other road-users/drivers with regard to accidents and

incidents. This view is also reinforced by a number of

investigations made in other countries.

4.1 Extent

During the 19703, the Transport Research Delegation

commissioned an investigation by the University of

Uppsala with the aim of establishing the extent and the

types of accidents/incidents (covering all forms of

transport) in which handicapped road-users were

involved (Calais van Stokkom & Olsson, 1980). The

project was in two parts. Part 1 was an empirical study,

in which police reports ofroad traffic accidents involving

personal injury were examined, and a survey was carried

out to establish the state of health of all the persons

involved in the accident. The authors drew attention to

the fact that one methodological problem was associated

with the assumption that handicapped persons had an

exposure to risk that is no different from that of other

travellers, which is not reasonable. It is believed that

handicapped travellers do not travel as much, make their

journeys at other times, and make different types of

journey than other travellers. Part 2 was a detailed

investigation of the accidents in which handicapped

persons had been involved. It was found that the

handicap could have in uenced events in only a small

proportion of these accidents. The following conclusions

were reached (quoted from the report). (The italics are

mine, and not the authors ):

0 Handicapped road-users on the whole are not affected

to any greater extent than the rest of the population.

0 Only in a small number of cases in which

handicapped persons were involved could the

handicap be assumed to have had any direct

in uence on the accident.
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0 In assessing the road safety of handicapped persons,

it may be more productive to study the effect oftheir

opportunities for selecting different means of

transport on the risks to which this group of people

is exposed.

In a TFD report from 1980 (Transport Research

Delegation, 1980) on the subject of the safety of

handicapped drivers, an attempt was made to identify

the actual involvement of handicapped drivers in

accidents . It was initially established that our knowledge

in this field is both unclear and incomplete. The report

examines one Swedish and several foreign investigations

and arrives at the following conclusion: handicapped

drivers as a group have a higher accident frequency (or

level) compared with non-handicapped drivers , although

it was also established that:

0 there is a lack of well-founded investigations

(methodological shortcomings);

o no investigation takes account ofexposure;

0 foreign investigations cannot be applied directly to

Swedish conditions;

0 the most recent investigation (Ysander) is based on

results from the 1950s;

0 information is not available in respect of special safety

problems associated with individual groups of

handicapped persons.

Haslegrave (1986) claims that, from a European point

of view, there is nothing to indicate that drivers of

vehicles adapted for handicapped persons are involved

in different types of accidents than other drivers.

Haslegrave also considers that there is some evidence to

suggest that their accident frequency is slightly lower

than that of other drivers. Based on a study of more than

1500 former learner driver at the Banstead Mobility

Centre during the period 1988-90, Simms & O Toole

(1993) have established that drivers with physical

functional disabilities exhibit the same accident patterns

as other drivers; i.e. younger (inexperienced) and older

drivers appear to have a higher risk of accident. The same

situation in Europe also appears to apply in the USA

(Long, 1974).

If we now concentrate solely on drivers with spinal

cord injuries, we find that practically no data at all are

available. One unique exception is a fairly recent study

carried out in Finland (L'a'aperi, Sepp'alainen, Luoma Aho

& Alaranta, 1995). Using information contained in an

insurance register (Insurance Rehabilitation Agency

IRA) as their starting point, a questionnaire was sent out

to 149 functionally disabled drivers, of whom 105
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replied. The largest group among those who replied, 63

persons (60%), were persons with spinal cord injuries

(traumatic); 17 persons (16.2%) had impaired or absent

function in their legs and feet for reasons other than spinal

cord injury; 17 persons (16.2%) had impaired or absent

function in their arms and hands, in this case also for

other reasons; 6 persons (5.7%) had some form of brain

damage, and 3 persons (2.8%) had some other form of

functional disability. No serious accidents were reported,

and a total of 7.6% had been involved in a road traffic

accident. This is slightly higher than for the rest of the

population (7.0%). If you also take into account the

distance driven (exposure), then it will be seen that the

accident rate for persons with a functional disability is

lower (3.8 accidents per 106 person-kilometres) than for

the rest of the population (4.1 accidents per 106 person-

kilometres). This result also appears to support the

hypothesis that the involvement in accidents of

functionally disabled drivers does not deviate from that

of other drivers.

4.2 Causes

According to the argument outlined above, it appears that

drivers with spinal cord injuries exhibit thesame pattern

of accidents, in terms of their extent and age distribution,

as other drivers. It is quite clear, however, that this needs

to be studied in greater detail. The situation is even more

unclear and incomplete as far as our knowledge of the

reasons for the accidents is concerned. Any attempt to

comment definitively on the various causes of the

accidents is quite pointless in the circumstances. It is

nevertheless possible to speculate on the most likely

reasons for the various accidents. Three different causes

of accidents can be identified as a general rule:

shortcomings in the driver (known as the human factor),

shortcomings in the road environment and shortcomings

in the vehicle. It is usually assumed as a rough estimate

that the causes can be attributed 80% to the driver, 15%

to the road environment, and 5% to the vehicle

(Pettersson, 1995). Are there any grounds to suppose that

this may be any different for drivers with functional

disabilities? Perhaps? The following examples seek to

clarify this matter. First, it must be clearly stated that, on

the whole, no accidents are attributable to one single

factor, but are naturally a combination of several factors.

To gain a better understanding of the problem, we should

adopt a systematic approach to better understand how the

various factors can contribute (Pettersson, 1995) to an

accident or incident. However, I propose only to touch

upon the individual factors brie y here from the point of

view of persons with spinal cord injuries. If one wishes

to proceed any further, then one should investigate the

ways in which different factors can interact.

As far as the road environment is concerned, it is
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essentially identical for all drivers and vehicles, although

it can present itself differently from the driver s

perspective. We must all share the same road

environment, regardless of whether we are driving abus,

car of motorcycle. The road environment is determined

by, among other things, the design of the road, the road

surface, road signs and road markings. All of these are

identical for all drivers, but different categories ofdrivers

experience the environment differently. Let us take one

example. A driver who drives seated in a wheelchair may

find that his/her head is in a position such that it may be

difficult to see all the road signs and signals at a complex

intersection. Both the vehicle and the road environment

in uence the situation in this case, but as far as the driver

is concerned the vehicle environment is invariable, and

as a result it is easy for the driver to conclude that the

road environment is poorly designed. This is by no means

unique for drivers with functional disabilities, although

it is important to bear it in mind in conjunction with

instruction and accident analyses.

The demands imposed on the driver must essentially

be identical for all drivers, regardless of whether the

driver has a functional disability. What is required is for

the vehicle to be adapted to the driver s needs and

resources. Common resource limitations that may

in uence the ability to drive/performance ofdrivers with

spinal cord injuries are limited strength and stamina in the

arms and hands, which can lead to overloading. In an

attempt to make life easier for the driver, a more powerful

servo is often installed to reduce the level of strength

required. In spite of this measure, however, we know that

physical exhaustion is a reality for many ofthese drivers

(Nicolle, Ross & Richardson, 1992). Driving long

distances can be very tiring. If the vehicle adaptation is

not optimal, and if the driver does not take a rest at the

right time, the resulting physical exhaustion may well

in uence the driver s ability to drive safely.

Drivers with an injury located high up the spinal cord

may experience problems with the stability oftheir trunk.

They also have limited strength and mobility in their

arms, which means that a more powerful servo and

steering lever may be required to enable them to drive.

The problems outlined below may occur in such cases.

The driver encounters a large truck, which drives past so

close that the slipstream causes his car to sway, including

the driver. The driver is unable to control the swaying

motion in his body, and it is transferred into his hand and

into the steering lever, with the result that the car begins

to swerve from side to side on the road. What started as

a small movement in the vehicle is transferred to the

driver, where it is amplified and finally becomes so great

that the driver can no longer control the vehicle and

leaves the road.

A third example of when driver-related factorscan
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cause accidents concerns the view around the vehicle.

Although the driver s vision may be perfectly good, his/

her impaired mobility in certain situations may have a

negative influence on the possibility of having a

sufficiently good view around the car. This does not

always come to light when the vehicle is being adapted.

Mobility can also vary from one day to the next in a

person with a spinal cord injury, and it may even change

permanently over a longer period. This is particularly true

of spinal cord injuries caused by disease. The disease can

also lead to generally more delicate health. Ifthe driver s

environment is not properly adapted, the person with a

spinal cord injury may be obliged to over exert him/

herself in order to compensate for shortcomings in the

environment, which may result in damage due to

excessive wear and further impairment of the driver s

mobility. A bad day can thus lead to catastrophic

consequences. This state of affairs also applies to other

functional disabilities caused by diseases, such as

Multiple Sclerosis (MS), where the disease has a

progressive course.

The same requirements in respect ofroad safety must

apply, as a general rule, equally to vehicles adapted for

the disabled and to all other vehicles. There are times

when it may prove difficult to live up to this, however,

not least with regard to passive safety (safety in a

collision) for the driver. Two examples illustrate this

point. There are persons suffering from extreme

brittleness ofthe bones or muscular dystrophy for whom

it is very difficult to cope with external stresses. Such a

person can be injured very severely in a collision if he/

she is wearing only a conventional safety belt. Even a

collision pad or an airbag can cause severe injuries (see

also Section 7.5). The body is unable to absorb the forces

that arise in a collision. Special precautions are necessary
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in order to satisfy the requirements for passive safety for

these persons to the greatest possible extent. The second

example relates to the collision requirements for

adaptation components, such as hand controls for the

accelerator and brakes. There are general requirements

to the effect that adaptation components must be fixed,

although there are no requirements to regulate what must

happen in a collision (compare this with the collision

requirements applicable to the steering column of a car).

There is a risk that adaptation components may cause

injury to the driver in a collision if they are not designed

and installed in an appropriate manner. Insufficient

account is taken of this possibility at the present time.

There are thus good reasons to justify further

investigations into the factors that may in uence the

safety of drivers with spinal cord injuries.

4.3 Driving performance of persons with a
spinal cord injury

There is apparently nothing to suggest that the risk of

accident to drivers with a spinal cord injury differs in any

way from that to other drivers because of differences in

driving performance. Two studies conducted in driving

simulators with experienced drivers with a spinal cord

injuries (paraplegics and tetraplegics) (Peters & Nilsson,

1993; Verwey, 1994) revealed that driving performance

of the drivers with a spinal cord injury exhibited no

signi cant difference from that of matched control groups

(age, gender, experience and annual distance driven)

made up of drivers with no functional disability. The

difference was that the driving task (80 kilometres of

main road driving) was more exhausting for the drivers

with functional disabilities than it was for the control

group. (See also Section 5.2.3).
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5 What is required to drive a car?

If you wish to investigate the requirements that are

imposed on a driver when driving a car, it may be

advisable to start from a model or description of driving.

Various attempts have been made to describe what is

involved in driving a car by developing models to

describe requirements and performance. The majority of

these models do not specifically include drivers with

functional disabilities, and yet in spite of that they have

a lot to say about what driving means also for this group.

All the models have their advantages and disadvantages

and are suitable for a variety of purposes, although there

is no universally valid and generally applicable model.

Alm (1989), Ranney (1994) and van Winsum (1996) are

examples of surveys that describe different driver models.

One way of addressing this question is to describe all

the conceivable large and small tasks that the driver must

perform in order to drive. For example: opening the door;

inserting the key; starting; steering; changing gear;

dipping the lights, and so on. This is known as a task

analysis. (McKnight & Adams, 1970a; McKnight &

Adams, 1970b; McKnight & Adams, 19700) carried out

a comprehensive study with this in mind and identified

more than 1500 different critical tasks. However, this

approach does not relate the tasks involved in driving to

the abilities required in order for the driver to perform

them. It is also possible to start from the functions that

the driver must be able to perform. Brown (1986)

identifies 6 different principal tasks related to driving:

nding your way; following the road; monitoring your

speed; avoiding collisions; following traffic rules, and

being in control of the vehicle.

A task analysis was carried out as part of the DRIVE

II project, TELAID, in which different sub-tasks were

described in terms of the requirements that they imposed

on a driver suffering from a functional disability with the

aim of being able to identify what problems can derive

from different functional disabilities (Nicolle et al.,

1992). This resulted in a total of 11 principal tasks, 73

sub-tasks at the next level, and 165 sub-tasks called

prompts at the lowest level.

Another and now commonly accepted way of

describing driving, which has emerged from an

information psychological perspective, is to divide up the

requirements which the driving tasks impose on the driver

into three levels: strategic, tactical and operational

(Michon, 1985), and to match these requirements to the

driver s performance, which can also be described on

three levels: knowledge-based, rule-based and skill-

based (Rasmussen, 1983; Pettersson, 1995). The

significance of this will be developed below. This model

is a very interesting one to observe with functionally
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disabled drivers in mind, and it will accordingly be

described here in a little more detail. It is probably still

necessary to develop models which describe functional

disabilities and driving to support continuing research,

perhaps not least bearing in mind the need to develop fair

and comprehensive assessment methodology to ensure

that a functionally disabled driver is offered the same

opportunities to drive safely as other drivers.

5.1 A model for describing the requirements

imposed by the task of driving

We will start from the model in which the task of driving

is described on a strategic, tactical and operative level,

and the driver performance is described on a knowledge-

based, rule based and skill-based level (see Figure 3).

 

W (Knowledge-
Driving task based Rule-based Skill based

 

Strategic level OK

Tactical level 'OK

2) OK

 

2)

2)Control level

    

Figure 3 Combination of three levels of driver

performance and three levels ofdriving tasks. 0K denotes

that this combination is desirable. The arrows indicate the

change that takes place, or should take place, with

increased experience. It is especially in the third column

that drivers with spinal cord injuries encounter problems,

i.e. skill-based performance.

The model is good at explaining how we take in

information, process it, take decisions and act. The task

of driving consists ofmany sub components with regard

to the information processing necessary to perform the

task. At the strategic level, we are concerned with tasks

such as planning the journey, selecting the mode of

transport, and choosing a route. At the tactical level, the

tasks concerned include overtaking, giving way to other

vehicles, and obeying traffic rules. At the control level,

we are concerned with controlling the vehicle, that is to

say controlling the speed, following the road, and quite

simply keeping the car on the road.

The following observations can be made in relation

to the time requirements that are imposed at the various

levels. At the strategic level, time is not critical. Decisions

at this level will often take time. There are a number of

tasks here that must be completed before the actual

journey (e.g. selecting the mode of transport), although

there are also strategic decisions to be taken while
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driving, e.g. changes of route. Atime limit longer than 10

seconds applies at the strategic level. The time constraints

are tighter at the tactical level, and lie approximately

between 1 and 10 seconds. The concern here is to take

decisions that affect the interaction with other road-users,

and to obey traffic rules (e.g. giving way). At the control

level, it is a matter of short reaction times and decision

times, i.e. less than 1 second. This is necessary if we are

to cope with controlling the vehicle, that is following the

road and controlling the speed. It goes without saying that

what we normally perceive as separate tasks when

driving a car are, in fact, combinations of information-

processing sub-tasks at different levels. For example,

executing an overtaking manoeuvre may involve us in

taking actions at all levels. It is not simply the time

requirements that distinguish the different levels of tasks,

but also the requirements for attention, workload, and the

consequences of mistakes, etc.

Figure 3 also illustrates the change that should take

place, and very often does take place with training and

increasing experience. An inexperienced driver will

initially need to concentrate quite hard in order to cope

with the challenge of driving. Many ofthe sub tasks, such

as controlling the speed and following the road will call

for quite considerable resources, before they become

automatic and the driver can apply a rational distribution

ofhis resources. The arrows in Figure 3 illustrate the shift

in driver performance, so that those driving tasks that are

of a tactical and operative character can be solved by

calling rule-based and skill based resources into play. The

following examples illustrate what can happen.

Initially, an inexperienced driver will need to think

about what pedal he/she must use, although after a time

the learner driver develops his/her own simple rules for

what to do. The response will become totally automatic

after a while. It has been found that deeply-rooted

reaction patterns can be very difficult to re-learn. It is

worth bearing this in mind in conjunction with driver

training for persons with spinal cord injuries, depending

on the learner driver s previous experience. As far as

persons with spinal cord injuries are concerned, we are

dealing with two, or possibly three, different categories

of drivers. On the one hand, there are those with driving

experience before their injury; then there are those with

no driving experience, but with traffic experience; and

finally, there are those who suffered an injury when they

were very young and have no experience of traffic of any

kind. Any education and training will presumably need

to be adapted to suit the individual learner driver s

background.

Even an experienced driver can sometimes find him/

herself in situations in which a tactical task that should

be performed at a rule-based level instead has to be

performed at a knowledge-based level. The situation
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concerned may be an unaccustomed situation at an

intersection that the driver has not previously

encountered. There is obviously a much greater risk of

an inexperienced driver finding him/herself in such a

situation.

In concluding, Figure 3 can also be used to illustrate

where persons with a spinal cord injuries might expect

to encounter problems with the driving task. Spinal cord

injuries affect a person s mobility in particular, and as

such should mainly in uence the skill-based performance

that is applied to solving control tasks. Since the person s

mobility resources are severely limited, there is an

obvious risk of overloading that may demand such great

resources that they even affect driver performance at the

knowledge-based and rule-based levels.

5.2 What resources are needed to drive a car?

It is essential to be clearly aware that there are no

absolute and well defined requirements to denote what

is involved in driving a car safely. A driver who has

passed his/her driving test is regarded as sufficiently safe,

provided that he/she does not cause or is not involved in

a road traffic accident, or does not drive while under the

in uence of alcohol. As a result, there is a very broad

variety of experience and competence between different

drivers.

The Code of Statutes of the Swedish National Road

Administration sets out the medical requirements that are

applicable to holders of a driving licence (Swedish

National Road Administration, 1996b). There are

relatively well-defined requirements as to what

constitutes the appropriate visual perception abilities in

relation to traffic before a person can hold a driving

licence. There are no specific requirements in respect of

the hearing function. This means that a deaf person can

obtain a driving licence. Certain requirements are

applicable to the sense of balance, and any risk of

unexpected attacks of disequilibrium or vertigo is

unacceptable. Certain diseases, for example epilepsy,

cardiovascular diseases, diabetes and neurological

conditions, may rule out the possibility of obtaining a

driving licence in certain circumstances. As far as

impaired mobility is concerned, approval to hold a

driving licence is given if the functional impairment can

be compensated for by an orthopaedic prosthesis or

technical devices fitted to the vehicle. Approval is not

given in other circumstances. This can only be regarded

as a highly imprecise requirement.

If we now proceed to examine in greater detail the

requirements that must be satisfied in order for a person

with a spinal cord injury to be allowed to drive, the

consequence is that technology sets the limits. If only a

single functional disability can be compensated for, there

is no obstacle to obtaining a driving licence. In
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accordance with what has already been stated in Section

3.2, the driver is required to be capable of: reaching all

the controls necessary in order to be able to operate the

vehicle; possessing su icient strength in the arms;

reacting sufficiently quickly, and coping with a

continuous load. In other words, the driver should be

able to demonstrate that there is no risk of spastic

cramps.

5.2.1 Strength required

The requirements for the driver to be able to reach all the

controls can be summarized to the effect that all the

controls must be moved so that the driver can reach them

with his/her hands. This may require anthrometric data

for the person for whom the vehicle is to be adapted.

Dols, Garcia and Sotos (1996) are in the process of

developing measurement apparatus to enable the

necessary measurements to be taken with the person

sitting in a dummy car. It is possible in some cases to

make use ofother resources for certain control functions,

e. g. the voice, and the head/neck to press switches

installed in the head restraint (see Section 7).

The requirements with respect to strength are quite

small. Today s vehicles are much better than previous

models with regard to the physical strength required to

drive them. The majority of cars today, including the

basic models, have a servo function on both their steering

and braking. By increasing the servo function, it is also

possible to adapt the requirement for strength in line with

the available resources. Cars with automatic transmission

also require less strength on the part of the driver.

Asmussen, Poulsen & Sorensen (1964) and Bogh &

Poulsen (1967) investigated the requirements that are

imposed for driving an ordinary manual car, and it

emerged that 66% of a group of persons with impaired

mobility used 25-50% of their maximum strength to

operate the clutch with a hand control, compared with a

group ofpersons with no functional disabilities, who used

only 6% oftheir maximum strength. There are many other

ways of finding a technical solution to the problem of

controlling the accelerator and brake, for example,

although more often than not there is a need to cope with

both pushing and pulling.

In a study conducted by the Cranfield Institute of

Technology, the arm strength of 20 functionally disabled

persons was measured (Kember, 1991; Kember, 1992).

The purpose was to establish the level of variation that

can be expected among functionally disabled drivers (see

Table 3). These measurements were then incorporated by

the British Department of Transport in its guidelines on

the adaptation of vehicles for functionally disabled

persons (DOT, 1992). The types of functional disability

that were represented are not stated in the report,

although the author has indicated that the variation was

VTI RAPPORT 426A

very considerable. Comfortable pushing and pulling can

be regarded as indicators of the ability to cope with a

continuous load.

Kember s study included a review of the published

literature (250 references), an examination of the

measurement data from various test centres, measure-

ments on standard cars and measurements on test rigs.

The test rig was found to be a good instrument for

measuring maximum strength, in spite of the fact that the

literature review indicated certain problems with this

method. He also found that conventional standard cars

vary widely with regard to the strength required to steer,

accelerate and brake. Finally, Kember carried out

extensive tests with 20 functionally disabled drivers in a

test rig. He found that the thresholds for comfortable

pushing were 40% of the maximum pushing force, 30%

of the maximum pulling force and 20% of the maximum

steering force. He also found that many functionally

disabled drivers lacked the strength resources required to

drive a car without a servo function on the braking and

steering systems. Only two of the 20 test persons had a

servo in their own car. Kember proposes the development

of inexpensive hand controls, i.e. without a servo, which

would not call for so much strength and, at the same time,

would not involve the need to move the hand control over

long distances in order to achieve the necessary level of

force (lever principle). A solution of this kind could

involve extended reaction times. The presence ofa servo

on both the braking and the steering systems is more or

less standard in today s cars, however, which should

significantly facilitate the work involved in their

adaptation.

The report containing adaptation guidelines (DOT,

1992) makes the following recommendations in respect

of the strength requirements that should be set for

accelerating, braking and steering. There are no

equivalent recommendations in Sweden.

Table 3 Arm strength (in Newtons) for a group of

persons with functional disability, England (Kember.

1991, and Kember; 1992)

 

th th

  

Weakest _ _ Strongest
percentile percentile

C f bl0m,°rta e 14 20 76 141 197
pushing

M .
ax. 2O 46 170 293 344

pushing

C f I
0"} onabe 16 30 81 158 194

pulling

Max. pulling 34 75 200 326 348
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- Accelerator control: 10% of max. strength

0 Brake control: 30% of max. strength (normally 105-

210 N, emergency 490 N)

0 Steering control (wheel or lever): 10-30% of max.

strength (normally 20 N or higher)

5.2.2 Reaction time required

In addition to the driver s strength, requirements are also

imposed on reaction time. A poor reaction time has long

been regarded as an important indicator of an increased

risk of accident. This has perhaps been taken too far at

times, and too much importance has been attributed to

reaction time. A careful approach to driving, long

experience and awareness of one s own limitations can

compensate to some extent for an impaired reaction time.

However, in certain cases, the situation can be as

expressed by Sanders and McCormick (1993): One

factor that separates the quickfrom the dead in tra ic

is reaction time in emergency conditions .

If we now consider what reaction time means in a

little more detail, we can identify the following significant

abilities: the ability to recognize/identify a dangerous

situation; the ability to take decisions about appropriate

measures (reaction); the ability to move the foot or the

hand to the right control, and to continue the action until

the problem is solved (e. g. braking, swerving to avoid).

The ability to recognize a situation and to take a decision

is as good in drivers with a spinal cord injury as it is in

other drivers. In accordance with the requirements for a

driving licence, it may be assumed that drivers with

spinal cord injuries must have normal vision and mental

functions. Problems may arise in conjunction with

operating the controls and completing the action. Very

often, it is the braking reaction speed that is intended

when talking of reaction times, although it may equally

well include the ability to steer. Presumably, this has to

do with the fact that the task of steering is an essentially

continuous task, unlike braking, and that the task of

braking also involves having to move the foot/hand to the

brake pedal/control, with the result that the ability to

brake is a highly critical safety related function.

In a study extending to more than 300 drivers (without

functional disabilities), Johanson and Rumar found that

the median value for the brake reaction time was 0.9

second, and that 25% of drivers had a reaction time of

1.2 seconds (Johanson & Rumar, 1971). One factor that

naturally plays a decisive role in this context is the extent

to which the driver is prepared for something to happen.

Johanson and Rumar took this into account in their study,

although perhaps not fully.

Sanders and McCormick (1993) state that the reaction

time for a completely unexpected event can be assumed

to be twice as long as when you are prepared for

something to happen. Summala (quoted in (Sanders &
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McCormick, 1993)) conducted a field study in which the

reaction time was measured for a large number of drivers

who were obliged to perform an evasive manoeuvre and

found that the mean reaction time was 2.5 seconds when

the driver was completely unprepared. A car was

stationary on a main road, and as another vehicle

approached from behind, a door was opened in the

stationary car. The sequence of events was filmed on

video, and the time between the door being opened and

the approaching vehicle starting to make its evasive

manoeuvre was subsequently measured. As a result, a

period of 2.5 seconds is often quoted as a realistic

indication of the reaction time when the driver is totally

unprepared.

For drivers with a spinal cord injury, the critical factor

can be the move to the brake actuating control. Verwey

(1994) quotes Less et al., who give 0.75 second as an

indication of the normal time taken to move from the

accelerator pedal and to depress the brake pedal. Those

who are unable to do this will be unable to drive a

standard car. Drivers with a spinal cord injury are

recommended to use hand controls for braking. This may

even be an advantage with regard to the braking reaction

time. Richter and Hyman (quoted in (Verwey, 1994))

found that the reaction time is improved by 25% with a

hand-actuated brake, for the reason that the driver did not

need to move from the accelerator to the brake. There is

a lot of evidence to suggest that the requirements in

respect of the speed of reaction do not pose a problem

under normal circumstances for the majority of car

drivers with a spinal cord injury, provided that they have

the right adaptations. In the simulator studies referred to

above (Peters & Nilsson, 1993) and (Verwey &

Veenbaas, 1993), the mean values observed for the

braking reaction times of paraplegics and tetraplegics did

not differ significantly from matching groups on car

drivers with no functional disability.

5.2.3 Stamina required

We know from interviews with functionally disabled car

drivers that may ofthem find it extremely challenging to

drive long distances; e.g. (Nicolle et al., 1992). Peters &

Nilsson (1993) found in a simulator study that a group

of tetraplegics (n = 26), all of whom were experienced

drivers, found it significantly more physically tiring to

drive for a distance of 80 kilometres than a control group

of non-functionally impaired drivers. It was not possible,

however, to demonstrate any reduction of the strength in

their arms objectively. The drivers used a type of hand

control with which they were familiar, and which they

already used in their own cars. Two different types of

hand control were used. One of these consisted of two

separate controls for the accelerator and the brake,

mounted on the steering column (see Figure 11, Section
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7.3.3). The other was a combined control positioned

between the front seats of the car (see Figure 12, Section

7.3.3). The driver accelerated by pulling back on the

lever, and braked by moving the lever forwards towards

the dashboard. Both types of hand control are common

adaptations for persons with a spinal cord injuries. The

control group drove using the car s standard pedals. In

a similar simulator study, Verwey & Veenbaas (1993)

found similar results for a group of paraplegics (n = 20).

These drivers used two other types of hand controls, both

with separate controls for accelerating and braking, and

both were installed on or next to the steering wheel. The

brake control was identical in both cases, although the

acceleration was controlled in one case by a lever, and

in the other case by a ring with a slightly smaller diameter

than the steering wheel mounted on top of the wheel. This

study used the same route (80 kilometres) as that used

for the tetraplegics. Stamina is a problem that can be

overcome to some extent by means of an appropriate

adaptation, although the driver must be aware of his

limitations at all times.

Lings (1991) conducted a study in which he measured

the reaction times in a test rig for a group of 52 persons

(ofwhom 47 held driving licences) with a varying degree

of paralysis in the legs (paraparesis inferior), and he

found that the degree ofparalysis influenced the reaction

times. A steering wheel and pedals were used to measure

the reaction times. He found that even slight paralysis (leg

paresis) had a significant influence on the reaction times

(an increase of 15%), and he asked where the limit must

be set for the stipulated speed reaction in order to be

permitted to drive a car with ordinary standard pedals.

5.2.4 Other requirements

The requirements imposed on the driver increase if the

driver s environment does not conform to the driver s

resources and needs. Spasticity can be a problem for

persons with a spinal cord injury. The risk of spastic

cramps increases along with the increasing load and tired

ness. The adaptation must accordingly be made in such

a way that driving is not unnecessarily burdensome and

exhausting (see also Section 5.2.1, Strength required).

The requirements listed here were associated mainly with

the actual driving. Driving a car also has other associated

problems, however, such as getting in and out of the car,

loading and unloading the wheelchair, refuelling and

other servicing of the car, summoning help if required,

and coping with cold and heat, etc. A number of other,

different aids is available. Technical developments can
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present both advantages and disadvantages. Small, light

and relatively inexpensive mobile telephones have

brought a distinct improvement for functionally disabled

drivers in respect of their security and the ability to

summon help, if required, although the move towards

smaller and more efficient cars, on the other hand, has

been associated with a worsening ofthe ease with which

functionally disabled persons are able to get in and out

of the car. If the needs and requirements of functionally

disabled persons in respect of cars were taken into

account at an early stage in the development of new

models, the resulting cars would be better suited to many

more people.

5.3 What problems can be identified?

A series of problems can be related to the failure to adapt

the driver s environment and the car as a whole to the

needs and resources of drivers with a spinal cord injury.

Verwey lists a series ofpossible problems that can arise

in conjunction with adaptations for paraplegics and

tetraplegics (Verwey, 1994). A selection of these are

summarized below:

0 There is a risk of physically overloading the arms,

which in turn can suffer reduced capacity.

0 There is a risk of different tasks performed by the

driver interfering with (disrupting) one another.

0 There is a risk of super-light controls (with extreme

servo assistance) requiring continuous correction,

which can become tiring for the driver.

0 There is a risk of important feed-back being lacking

from super-light controls (known as the Jas

syndrome the lack of compatibility between the

operator s expectations and the feed-back and

function at the control device). This means that a

driver may find him/herself in uncontrollable

situations.

0 There is a risk of the link between movement and

function in the control organ failing to harmonise with

what is natural or optimal for the driver. For example,

pulling or pushing to actuate the brake.

0 There is a risk of the controls not being designed to

enable the driver to apportion his resources in an

optimal fashion. For example, one hand may be under

continuous load, with the result that it cannot be

rested at all during the journey.

The list could probably be made longer, although it

still indicates the need to take into account a series of

problems when adapting the driver s environment.
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6 Driver training for persons with spinal cord injuries

A traumatic spinal cord injury usually involves an average

stay in hospital of 4 months for paraplegics and 7 months

for tetraplegics (Lundqvist, Sjosteen, Blomstrand, Lind

& Sullivan, 1991). After the acute stage, the patient is

transferred to a rehabilitation unit. In the rehabilitation

unit, the patient receives help with learning how he/she

will have to cope with day to-day living after leaving

hospital. Once it has been established that the patient has

sufficient resources and willpower, an attempt is made to

support and encourage the patient to find different ways

of satisfying his/her needs for independence and mobility.

The most obvious outcome of a spinal cord injury is that

the person concerned loses large parts of his/her ability

to move. Every opportunity to regain parts of the lost

mobility will bring greater opportunities for a person with

a spinal cord injury to function and participate in society

(work, leisure, etc.), which significantly contributes to the

person s quality of life (Kreuter, 1996, and Orne, Hallin

& Kreuter, 1997).

6.1 What authorities are involved?

A person who has suffered aspinal cord injury will, as

already mentioned, come into close and lengthy contact

with the health care services, and the question of the

possibility of driving a car often arises at this stage. The

patient s doctor will decide whether there are good

expectations of the patient being able to cope with the

demands of driving a car. Once an application for a

driving licence has been submitted to the County

Administrative Board, an examiner from the Swedish

National Road Administration will pay a visit and make

a basic assessment of the applicant. Driver training and

adaptation of the vehicle are often very expensive costs

for an individual to meet. To make the financial burden

easier to bear, it is possible to apply for a Government

car allowance (see Section 6.3), which covers financial

assistance for the purchase of a car and its adaptation

and, in certain cases, also extends to driver training. The

car allowance has been administered since 1988, and the

training grant since 1995, by the Social Insurance Office.

The granting of a car allowance also means that the

Social Insurance Office will decide what adaptation is

required to the vehicle, by whom the work must be

carried out, and by whom any necessary driver training

must be given. Training may be provided by private

driving schools or by official driver training facilities.

Local specialist workshops or the car manufacturer s

authorized retailers may be commissioned to carry out

adaptations and conversions. There are no absolute

requirements as to who may carry out an adaptation.

Nevertheless, a requirement was imposed for the
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certification of a vehicle conversion/adaptation workshop

(SOU, 1994). In certain cases, both training and vehicle

adaptation may be provided by one and the same

organization, although this is not commonly by the case.

Once training and adaptation are complete, the learner

driver will be required to take a driving test (theory and

practice) accompanied by an examiner from the Swedish

National Road Administration. In some cases, the

examiner may have contact with the learner driver during

the training course, to enable him to monitor the learner

driver. After passing the driving test, the learner driver

will be issued with an appropriately endorsed driving

licence. The endorsement specifies the nature of the

functional impairment and what adaptation is required

(see Section 2.4). The endorsement is in the form of an

individual exemption from the driving licence regulations

and is applicable if the licence holder has an adapted

vehicle. No general exemptions are issued, therefore.

Sweden has no system of re-testing licence holders at

regular intervals, which means that a driving licence is

issued for life, under the assumption that no changes

occurs in the driver s health status. It is the responsibility

of the patient s medical doctor to notify the Swedish

National Road Administration of any changes in the

patient s hearth status that may significantly affect the

patient s ability to drive safely. Figure 4 brie y outlines

the process leading up to the issue of a driving licence

to a functionally disabled driver.

6.2 Testing before driver training and vehicle
adaptation

Various tests are carried out at the hospital in an effort

to establish the extent ofthe functional impairment. The

doctor s assessment of the patient s opportunities is

based on both the test results and his personal knowledge

of the individual. None of the hospital tests are specially

developed or adapted to evaluate the combination of

complex aptitudes that are required for driving a car, for

example the ability to take rapid decisions, the ability to

divide the attention, and the ability to identify hazards and

react accordingly in a road traffic environment.

Occupational therapists and physiotherapists are some-

times involved as advisors to ensure that the patient is

given an ergionomically correct driving environment.

They may also play a part in deciding what aids are

required for getting in and out of the car. Unfortunately,

this involvement is not as widespread as it ought to be.

The examiner who assesses the person with a spinal

cord injury in connection with the application for a

driving permit forms an impression of the applicant s

opportunities, among other things by testing the person s
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arm strength. The Social Insurance Office itself does not

carry out any tests. Some driving schools use a simple

test rig to investigate a learner driver s strength resources,

reaction times and ability to reach the right controls.

Perhaps the most important test occurs when the learner

driver attempts to drive. Driving school instructors with

experience of teaching functionally disabled persons

usually stress the importance of allowing the learner

driver to drive at the earliest possible opportunity, to

enable them to form a view ofthe learner driver s abilities

and to plan the training. Adaptation of the vehicle often

involves starting from a basic adaptation, which is then

modified for the individual. A successful adaptation calls

for good communication between the instructor, learner

driver, vehicle adapter, examiner and medical personnel,

although the financial framework is determined by the

Social Insurance Office. It has been noted that no uniform
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The road to a driving licence and an adapted vehicle.
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into a perception phase (sensory) and a movement phase

(motor). This can provide important information, among

other things about how to design the controls and whether

the speed of reaction is adequate. It is necessary to bear

in mind, however, that such a test is of limited value,

because the reaction times may be entirely different in an

actual traffic environment.

In order to obtain a more realistic View ofthe learner

driver s aptitudes, it would be advantageous to be able

to test the candidate for a driving licence in a car

equipped with the necessary instrumentation. Hicks

(1993) describes a test vehicle that has been developed

in the USAespecially for tetraplegics. The vehicle is of

the van type and can be driven by a driver sitting in a

wheelchair. The oor ofthe vehicle has been lowered and

equipped with an adjustable floor, an advanced

wheelchair from the Ricon company, and means of

securing the wheelchair. The steering servo can also be

adjusted so that the strength necessary to steer the vehicle

can be varied between 7 Nm and 0.9 Nm. The brake

servo can also be varied. The vehicle is equipped with a

pull/push hand control unit for accelerating and braking.

The diameter ofthe steering wheel can also be changed

easily from 15.2 cm (6 ) to 38.1 cm (15 ).

In addition to the adaptation, the vehicle has been

equipped with a number of measurement transducers

enabling the forces applied by the test person to steer,

brake and accelerate, etc., to be measured and recorded

on a data recorder. It is also possible to obtain an

indication of the driver s stamina by measuring before,

during and after driving. It is possible in this way to

achieve a better indication of the learner driver s

resources and shortcomings, and of the required

adaptation. Hicks report contains no measurement data

or experiences from having used the test vehicle.

Experiments have also been carried out into the use

of car simulators to test driving school learner drivers

with functional disabilities (Henderson, 1992).

Simulators can have a certain value, although they can

never replace a driving test in a proper car. Section 8

contains more details. Simulators can also be used as

pedagogical aids, for example in a dialogue between a

learner driver and an instructor/examiner. One example

of such use is the simulator at the Karolinska Institutet

(the Royal Caroline Medico-Surgical Institute), which

was developed by the Prosolvia Clarus company

(Caneman, Nordh, Forsling & Panzitta, 1997). Car

simulators and their use are discussed in more detail in

Section 8.

6.3 Car allowance and training grants

Purchasing a car and adapting it are costly investments

in anyone s budget, and people with a functional

disability are often less financially well paced than other
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people. Functionally disabled persons can, however,

apply for a Government car allowance. This Section

describes the structure of the allowance and the extent

to which it has previously been utilized.

6.3.1 Background

The car allowance was introduced in Sweden at the end

of the 1940s, and it has since been reformed a couple of

times. The allowance was introduced to ease the financial

burden on persons withpermanentfunctional disability

making vehicle purchase viable for those who need an

adapted car. The car allowance in its current form came

into being in 1988, when the Social Insurance Office

assumed responsibility for the allowance. The car

allowance was previously available in two different

forms; on the one hand as an allowance for vehicle

adaptation and driver training via the Labour Market

Administration (County Employment Board), and on the

other hand as an exemption from Vehicle Excise Duty.

When the current car allowance came into being, car

allowance applications were initially decided at regional

level, although this has changed more recently, so that the

local Social Insurance Offices most often decide

individual car allowance applications. One of the

problems associated with this arrangement is that those

who currently deal with car allowance applications are

not sufficiently well informed about the types of

adaptations required by different functional disabilities.

There is accordingly a risk of different offices applying

different principles. In spite of the fact that the car

allowance scheme has been in place for such a long time,

no major resources have beenallocated for evaluating the

allowance from the point of view of the consumer (i.e.

the recipient). Any such evaluation should include an

examination of the significance of the car allowance as

far as the quality of life of the functionally disables person

is concerned. The evaluation measures undertaken by the

RFV (National Social Insurance Board) have been

targeted primarily at legal and financial aspects of car

allowance cases.

6.3.2 Current car allowance

The group ofpersons entitled to the current allowance is

made up offive different categories:

1. Functionally disabled persons aged less than 65 years,

who are dependent on a car for their work or study.

2. Functionally disabled persons aged less than 65 years,

who no longer work and are in receipt of an early

pension or a temporary disability allowance.

3. Other functionally disabled persons aged from 18

49 years.

4. Functionally disabled parents with children aged less

than 18 years.

5. Parents with functionally disabled children.
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Three different allowances are payable:

1. Basic allowance for the purchase of a car, amounting

to SEK 60,000 for Groups 1 3, and half that amount

for Groups 4and 5 (the amount wasincreased from

SEK 50,000 in 1991).

2. Purchase allowance (income-related) not exceeding

SEK 40,000 (the amount was increased from SEK

25,000 in 1991).

3. Adaptation allowance to cover the necessary conver-

sion of the car (no upper limit).

6.3.3 Cost of car purchase allowance

Between 1988 (October) and 1996 (September), 21,698

car allowances were paid out at a total cost of just over

SEK 1,700 million. The following table shows the

distribution of approved and rejected applications for car

allowances over the period:

 

Table 4 Car allowances approved and rejected

during the period 1988-96 (source: Loman, I996).

Perlod Approved Rejected Total % rejected

1988* 2290 273 2563

1989 5534 3559 9093 39

1990 2492 2150 4642 46

1991 1927 1517 3444 44

1992 1908 1267 3175 40

1993 1892 1338 3230 41

1994 1603 1200 2803 43

1995 1829 1221 3050 40

1996** 2223 923 3146

Total 21698 13448 35146

   

* 4th. quarter ** up to and including September

The number of applications for car allowances

approved and paid reached a peak in 1989, after which

it fell to its lowest level in 1994. A renewed application

for a car allowance can be made after 7 years, and a steep

rise was expected in 1995. The rise did not take place,

which may be explained by the fact that people are not

changing their cars as frequently as they once did. The

cars in use on Swedish roads have generally become

older, and in 1996 their average age passed the 10-year

mark (Loman, 1996; Swedish Motor Industry

Association, 1997). The RFV (National Social Insurance

Board) is at present evaluating the car allowance scheme,

and it is due to publish its final report in March 1998. It

is also proposed to analyse any differences in the

frequency of rejection between the different local offices,

in view ofthe fact that some differences arise. The overall
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frequency of rejection has varied from 39% to 46%

between 1988 and 1996, although there has been much

greater variation between the different local offices. The

reduction in the number of car allowances approved in

recent years has meant that the RFV has not used up its

budget appropriations. This in turn has led to calls for the

appropriations to be cut back. Before reaching any

decision on cut backs, an investigation should be carried

out into the reasons for the reduction in the number of

car allowances approved. It should also be possible to

try adopting a more generous approach when examining

applications for car allowance, and to examine whether

the scope exists for implementing the reforms proposed

in Ra'tten till ratten (literally, the right to the steering

wheel (2 The right to drive)) (SOU, 1994).

Table 5 shows the total costs for car allowances paid

during the period from 01.10.1988 to 30.09.1996. The

resources available for the car allowance are now in the

process of being reduced. More than SEK 100 million

were cut from the car allowance scheme in the 1997

spring budget, leavingit at a level of SEK 214 million.

The Government has set a ceiling ofSEK 203 million for

car allowances in 1998, and has estimated the ceilings

at SEK 73 million in 1999 and SEK 93 million in the year

2000 (Ministry of Health and Social Affairs). More

recently, in 1998, a further SEK 100 million were

allocated for 1999. At the same time, it was stated that

there is a need to examine both the structure and the level

of the car allowance scheme. The DHR (National

Association for Disabled Persons) is one of the

organizations that has expressed its concern at the risk

of the progressive erosion of the car allowance scheme

(Birgitta Andersson, Chief Executive of the DHR).

Table 5 Total costs for car allowances.

Year Cost (million kronor)

01.10 31.12.1988 24

1989 418

1990 223

1991 158

1992 187

1993 183

1994 153

1995 164

up to 31.09.1996 215

Total 1, 725

The report by the RFV (Loman, 1996) contains no

account of how the car allowance was broken down

between the various forms. The public inquiry, Rc itten

till ratten ( The right to drive ) (SOU, 1994), gives

some pointers. Of the applications for car allowances

approved between 1988/89 and 1992/93, 78% were

allowances for drivers (Groups 1 4) (SOU, 1994) (see

Section 6.3.2 for details of the Groups).
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Group 1 52% (driver adaptations)

Group 2 2% (driver adaptations)

Group 3 23% (driver adaptations)

Group 4 1% (driver adaptations)

Group 5 22% (not driver adaptations)

The total costs for the car allowance scheme during

the period 1988/89 1992/93 were broken down as

follows between the different types of grant:

1. Basic allowance SEK 616 million (55%)

2. Purchase allowance SEK 175 million (16%)

3. Adaptation allowance SEK 317 million (29%)

Total SEK 1,108 million

(source: SOU, 1994)

There are no details of how the grant was broken

down for the entire period from 1988 to 1996. A proposal

for a reformed car allowance scheme was submitted in

1994 (SOU, 1994). This contained a series ofproposals

for changes in the car allowance scheme, including an

increase in the group of entitled persons and the

requirements in respect of the quality, competence and

authorization of vehicle adaptationworkshops. The

proposal, which would have involved increased costs for

the Government, was placed on the shelf without being

actioned.

6.3.4 Training grants

The Social Insurance Office can also make a training

grant available for driver training for persons aged less

than 65 years. It is rare for this to be approved, however.

In order for the grant to be paid, it is necessary for the

training to be classified as an employment measure, that

is to say the training (e. g. driving licence) must lead to

some form of work. During the period from October 1988

to September 1989 inclusive, the Social Insurance Office

paid out more than half a million kronor in allowances,

which are described as other costs, and training grants are

included in these. During the same period in 1995/96, the

corresponding costs amounted to approximately SEK 1.5

million. This can be compared with the costs of the car

allowance scheme during the same periods, which were

SEK 365 million in 1988/89 and SEK 233 million in

1995/96. This means that the training grant is less than

1% of the car allowance.

6.4 Training and examination

In principle, a driving licence candidate with a spinal cord

injury can choose any driving school. No special

requirements are applicable to driving school instructors

who teach functionally disabled learner drivers. If the

Social Insurance Office is to pay a training grant, the

training commission will be awarded on the basis of a

tender. Naturally, not all driving schools are able to
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accept functionally disabled learner drivers, partly

because most of them do not have access to suitably

equipped training vehicles, but also because they lack

sufficient knowledge. Some rehabilitation centres are

able to offer both driver training on a residential basis

and, in certain cases, vehicle conversions, e. g. at

Vejbystrand and Ljungskile. This takes place in

conjunction with a driving school and a car adaptation

workshop. They do not have their own driving instructor

or their own workshop, however. One exception is the

Amu Group in Hedemora.

As the learner driver s education and training

proceeds, an examiner from the Swedish National Road

Administration may pay visits to check on progress. The

learner driver will gradually be ready to take his/her

driving test, and an experienced examiner will check

individual critical aspects of the particular functional

disability. However, far from all examiners have adequate

knowledge of functional disabilities. There is no

requirement for the learner driver to take the driving test

in the car which he/she will subsequently drive on the

road. This means that the functionally impaired driver will

not necessarily be tested with the precise adaptation that

he/she will subsequently use when driving. The adapted

car might be subjected to a registration inspection at the

Swedish Motor Vehicle Inspection Company, although no

special inspection procedure is laid down for vehicles

adapted for the disabled. It is often the vehicle adaptation

workshop that brings the vehicle to the Swedish Motor

Vehicle Inspection Company. If the adaptation is

extensive, a certificate of suitability issued by a traffic

inspector will be required.

6.5 Exchange of information between parties

concerned

A lot of information relating to the individual with a spinal

cord injury is collected by the various bodies along the

way leading to the issue of a driving licence.

Unfortunately, the exchange ofinformation between the

parties concerned is not all that it should be. Various tests

are performed at the hospital to enable the extent of the

functional disability to be determined, occupational

therapists make their assessments, the Social Insurance

Office also makes its assessments and reaches its

decision, and driving logs are often kept at the driving

school, and so on. Unfortunately no overall assessment

of the individual is made, however. There appears to be

a desire, mainly among trainers and vehicle adaptation

workshops, for improved communication with the

medical experts. One interesting possibility would be to

develop a type of mobility centre, for example of the kind

found in England (see Section 9).

In addition to the need for the exchange of

information relating to individual learner drivers, there is
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also a need to disseminate knowledge and exchange

ideas with the various professional groups who are

involved with functional disabilities and driving. A certain

exchange of information already takes place in the Nordic

region, above all between trainers and vehicle adaptation

workshops, via theNAH (Nordic working group for cars

adapted to the needs of disabled persons). Occupational

therapists, doctors, researchers and authorities also

participate in the meetings arranged by the NAH at

regular intervals. At the European level, there is also an

interest organization known as the EMG (European

Mobility Group), which was formed by vehicle

adaptation workshops and trainers for the purpose of

disseminating information specifically about adaptation

products and technical developments in the field,

although other topics are taken up for discussion at the

annual meetings. There is naturally also an exchange of

information and knowledge between medical experts at

research conferences, etc., although trainers, adaptation

workshops and authorities are frequently not represented

there.

An event known as the Mobility Roadshow is held in

England every other year, which is organized by the

Department of Transport (DOT), the Automobile

Association (AA) and the Transport Research Laboratory

(TRL). The Mobility Roadshow is held at Crowthorne,

near London, and is one of Europe s largest exhibitions

with special emphasis on the adaptation of vehicles for

disabled drivers. A similar exhibition of similar size is

also held in Dusseldorf everyother year (unfortunately

the same year as in England). Both exhibitions are aimed

at functionally disabled persons and at other professional

groups involved in the field. There are opportunities here

to see and try new technical aids. There is no such event

of comparable size in Sweden. However, a trade fair

covering all forms of adaptation aids, known as

Hjultorget , is held in Gothenburg or Stockholm.

Various vehicle adaptations can also be found here.

Extensive information material, including a book

entitled Motoring andMobility (Darnborough &

Kinrade, 1997), intended for functionally disabled

persons who are already drivers or who wish to drive, is

published in England. The book contains the following

sections:
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Assessment and learning to drive

Driving tests

Driving licences

Choosing your car

Converting your car

Motoring with a wheelchair

Motoring accessories

Financial matters

. On the road

10. Organizations which can help

G
E

O
N
Q

M
P
P

N
F

As will be appreciated, there are many questions

concerning driver training, the purchase of a car and its

adaptation. Information is also available about the various

centres that can help. Information of this kind is

unfortunately not available in Sweden.

6.6 Driving licences for functionally disabled
persons in Europe

The procedures for the testing, training and examination

of functionally disabled drivers differ a good deal

between the various EU countries. The driver s

requirements and the types of adaptations that are

permitted also differ between countries. A two year

European project known as INCA, with financial support

from DG VII (Transport), has now been in place for one

year (since 1997). The aim of the project is to create

appropriate conditions for common rules within Europe

governing testing, requirements and assessment

procedures for functionally disabled drivers. Work is

being done into the establishment of guidelines in respect

of a uniform approach to the assessment of whether a

functionally disabled driver in his/her adapted car is

provided with the same opportunities to drive safely as

non-functionally disabled drivers. That is to say, it is

wished to assess the driver in conjunction with the

adapted vehicle. The project is led by the TNO Road-

Vehicles Research Institute in Delft, in the Netherlands.

The other participants in the project, in addition to the

Netherlands, are Belgium, Germany, Italy and Great

Britain. The project group is currently writing a report

that will provide an overview of the procedures that are

applied today. Unfortunately, no project reports are

available yet.
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7 Vehicle adaptations

The adaptation of vehicles for drivers with disabilities

goes back further in time than you might imagine (Koppa,

1990). As in so many other areas, the first initiatives came

from the USA, although Germany was also involved in

the early days. People in the USA began to convert cars

for war veterans with amputated legs returning home

after the First World War. The Model T Ford, which was

so popular at the time, was equipped with an adapted

hand control for accelerating and braking. In fact, the car

already had a hand controlled throttle as standard. The

car also did not have a gearbox, as such, the driver simply

selected half-speed or full speed with a pedal. In some

ways, the Model T Ford was an ideal vehicle for

adaptation for disabled persons with less complicated

forms of impaired mobility. In 1935, US President

Franklin D. Roosevelt acquired a Ford Phaeton equipped

with hand controls for the accelerator and brake. He

never drove the car himself, however. A strong demand

for adapted cars did not arise until afterthe Second World

War.

It can be noted from a historical point of View that the

first vehicle adaptations were made to accommodate less

serious physical functional disabilities, although as

expertise was gained, attention was directed at more

severe and more extensive functional disabilities. There

had been a gradual increase in interest in more complex

psycho-motor, perceptual and mental functional

impairments. The adaptation process now extends to

driver training and incorporates other types of design

questions that are concerned with more complicated

aspects of the interaction between drivers and their

vehicles other than the purely physical aspects.

The Swedish Handicap Institute (HI) had an

important role to play in Sweden in relation to the

introduction of adapted vehicles for drivers with

disabilities. The HI imported an adapted van from the

USA at an early stage (1979) and ensured that the

technology and skills also reached Sweden. In the same

year, Peter Arnberg and a group of colleagues from the

VTI made a study visit to the USA, where they visited

15 different institutions involved in the adaptation of

vehicles for disabled persons (Arnberg, Lundblad &

Ottosson, 1979). The AMU Group helped the HI to

evaluate advanced adaptations at the outset. The HI itself

has carried out some development work into aids for the

adaptation of vehicles, and has its own workshops where

adaptations can be made. Unfortunately, the HI has not

performed the function as an impartial adviser and tester

that would have been desirable.

The technical developments that have taken place in

the automobile sector since the days of the Model T Ford
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have been associated with both the advantages and

disadvantages of vehicle adaptations for drivers with

disabilities. The advantages include automatic

transmission, power assisted steering, power-assisted

braking, electric mirrors, and electric window lifts, etc.,

although there are also some disadvantages. Cars have

become smaller, are more difficult to enter and leave, and

offer less space for adaptations of the driver s

environment. Today s cars are more complicated, which

makes them more difficult to convert. Although a larger

vehicle of the van type would be beneficial in many

cases, this is not always financially possible (the car

allowance does not extend to a large vehicle) or even

desirable (not everyone wishes to announce their

functional disability).

7.1 Requirements for car adaptations for

persons with spinal cord injuries

Most countries have no detailed requirements for vehicle

adaptations. The general idea is for the adaptation to be

made so that the functional disability is fully

compensated, but not overcompensated. This means that

the conversion must not go beyond what is required.

Koppa (1990) sets out the following general requirements

for an adaptation:

1. The driver must be able to get in and out of the car

unaided.

2. The driver must be able to drive the car unaided under

all conditions, and to achieve the same driving

performance as a non-functionally disabled driver.

This means that the driver him/herself must also be

able to operate the steering wheel and all the controls,

buttons and levers, etc. (primary and secondary

control functions); see below), required in order to be

able to drive the car.

3. The driver must have the same collision safety as a

non-functionally disableddriver in a standard car.

This means that the driver him/herself must be able

to put on the safety belt and secure the wheelchair if

required. The adaptation must also be designed so

that the driver is not exposed to a greater risk of

injury, in the event of a collision, than a non-

functionally disabled driver in a car that has not been

adapted.

These are extensive requirements, and there are

probably very few adaptations that meet all the

requirements. This point is discussed in more detail

below. The requirements set out by Koppa can be

supplemented by a number of other requirements which,

although not directly associated with driving, can
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nevertheless make a critical contribution to the ability of

a person with a spinal cord injury to drive a car. As

previously mentioned (in Section 3.2), a person with a

spinal cord injury may encounter problems in coping with

hot and cold climates, partly because of his/her impaired

mobility, although the injury itself can also have a direct

effect on the body s own temperature control mechanism.

This may require the installation of a petrol-powered

defroster system if a heated garage is not available. Not

only the winter climate itself, but also iced-up screens can

present a wheelchair user with problems. Servicing and

maintenance of the car can also be a problem. Manned

petrol stations are becoming increasingly less common,

and even if the station is manned, it may be desirable to

ensure that the driver is able to call attention without

having to leave the car. As can be appreciated from these

requirements, it is important to evaluate the situation as

a whole and under different conditions when determining

what adaptation is required for a driver with functional

disabilities.

The expressions primary and secondary control

functions were mentioned in Section 3.2, although they

perhaps require some further explanation. Primary

control functions mean steering, accelerating and braking

the vehicle. These are functions over which the driver

must have control at all times, and for which rapid

reactions are essential in order to maintain control.

Primary controls are also safety-critical. Secondary

control functions include all the other functions that are

required in one way or another in order to drive; for

example switching on the lights, changing from full beam

to dipped beam, signalling, adjusting the heating and

tuning the radio, etc. The secondary controls are only

used for short periods, and they are not as safety-critical

and time critical as the primary controls.

There are several different aims when setting out

requirements in respect of adaptations. First and

foremost, there is the wish for the adaptation to be

suitable for the functionally disabled person; it is also

wished to achieve a degree of comfort for the user (an

unreasonable level of exertion must not be needed in

order to drive the car) and, not least, there is a wish to

satisfy the requirements for safety. Safety requirements

can be divided up into active safety and passive safety.

Active safety relates to requirements in respect of the

driver s function in order to avoid a collision, whereas

passive safety relates to requirements in order to reduce

the consequences of a collision, should it occur. Passive

safety can be verified by different types of collision tests

(simulated or actual). We have long experience of

extensive collision tests and accident analyses with non-

adapted vehicles, and it should be possible to apply the

results of these, at least in part, in the formulation of

requirements for adaptations. Some collision tests have
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been performed on adaptation components, e.g. seat

restraint systems. The need certainly exists for more

specific knowledge about functionally disabled persons

and adaptations, in order to be able to formulate detailed

requirements in respect of passive safety. It is much more

difficult to formulate requirements in respect of active

safety. In the first place, it is essential to understand

clearly that every adaptation is on the whole unique. A

unique driver with his particular combination of abilities

and limitations, a unique vehicle, and a unique adaptation

to match these. However, it is relatively easy to draw up

and evaluate certain requirements in respect of active

safety, for example the braking performance. It

immediately becomes far more difficult, however, to

draw up requirements in respect of how, for example, a

single-lever hand control for accelerating and braking

must work. Should you brake by pushing the lever

forwards, or by pulling it backwards? There is an

ergonomic principle known as movement

compatibility , according to which a movement of the

lever should correspond to the way in which the

movement of the lever in uences the vehicle (Wickens,

1992, page 329). Forward movement of the vehicle

increases as you accelerate, and so acceleration should

be achieved by moving the lever forwards, and braking

by pulling it backwards. The body moves forwards in

relation to the vehicle when you brake, however, and this

may make it difficult or even impossible for a person with

a spinal cord injury, and especially for those with trunk

instability, to hold the lever back during heavy braking,

which may result in an impaired braking performance. In

this case, it would be better to have a brake lever that

must be moved forwards, since this could actually

provide a better braking ability. It is difficult to draw up

any specific requirements that would apply in every

individual case. It will be a long time before we can draw

up requirements that will guarantee active safety in

adapted cars. It seems likely that we will never actually

achieve this. What we can do now is to formulate

guidelines that can provide support enabling unnecessary

mistakes to be avoided.

7.2 Guidelines for adaptations

It is generally possible to establish that an attempt should

be made to retain as much as possible of the vehicle s

original equipment. Supplementing is preferable to

replacement. The intention is for non-functionally

disabled drivers to be able to use the car after adaptation.

Not every family hasthe financial means to run two cars.

The accelerator and brake pedals are not removed, for

example, and mechanical hand controls for actuating the

pedals are installed. If this is not acceptable, it may be

necessary to resort to hydraulic or electro-mechanical

systems, or, if all else fails, a purely electrical control-
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by-wire system. The first step is very often to choose a

car with automatic transmission; the next priority

concerns the size of the vehicle and the ease of getting

in and out of the car, followed by a car with power-

assisted steering. All these requirements can be met by

choosing the right car. There is also a wish to have a car

that is reasonably easy to convert. In certain complicated

cases, especially where tetraplegics are concerned, the

question may arise of making changes to the bodywork,

etc., for example raising the ceiling or lowering the oor.

In Sweden, there are practically no guidelines or

regulations which provide guidance for vehicle

adaptations; the few that do exist are very general and

vague. Neither the Swedish National Road

Administration nor the Swedish Motor Vehicle Inspection

Company issue any guidelines on the adaptation of

vehicles for disabled persons. In spite of this, certain

practices have grown and are adopted by the adaptation

workshops and the Social Insurance Office.

Comprehensive and unique data have been produced

in Norway by John Fulland in what was known at the

time as the Rc idet for tekniske tiltak for

funksjonshemmede (RTF) (Council for Technical

Measures for Persons with Functional Disability),

although this has now changed its name to SINTEF

Unimed. These data are in the form of two binders

containing the detailed measurements ofdifferent models

of car that are essential when carrying out adaptations,

a folder describing the various types of aid that can be

used when adapting the primary and secondary control

functions in the car (SINTEF, 1991), and a number of

market surveys concerning adaptation aids of other kinds.

There is also a folder entitled Guidelines for the

modification of cars , i.e. guidelines for adaptations

(SINTEF, 1993). These data have been used mainly by

the Social Insurance Offices in Norway in conjunction

with car allowance applications. Norway has over the

years adopted a very generous approach towards the

granting offinancial assistance for functionally disabled

drivers. The Norwegian guidelines include aspects of

adaptations such as the following:

0 rules and requirements for approval

0 assessment and testing the driver

0 adaptation of seated position and safety belt

0 adaptations to primary and secondary controls

0 adaptations to facilitate getting in and out ofthe car

0 adaptation of the vehicle body

0 service

These guidelines are based largely on recommenda

tions that were produced in England in co-operation

between the Institution of Mechanical Engineers

(IMECHE) and the Transport Research laboratory

(TRL), at the request of the Department of Transport
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(DOT). The recommendations are based partly on

research results (see, for example, Section 5.2.1), but also

on good design practice.

They start by considering general aspects of how to

adapt the operating devices (e. g. controls, levers, buttons

and steering wheel, etc.) according to the needs of the

individual driver. Strength requirements are given (see

Section 5.2.1), and significant body measurements for the

design of the driver s environment: leg length, reach,

shoulder height, seat height and knee height (for

clearance), and length and thickness of fingers (for

buttons and controls). Also discussed is the question of

how to ensure that the vehicle can be used by persons

other than the functionally disabled driver. Requirements

in respect of braking ability are stated. In the case of the

foot brake, for instance, the vehicle must be capable of

being brought to a halt in less than 51 m (whether loaded

or unloaded) from a speed of 80 km/h and at a pedal force

not exceeding 490 N. Quite detailed requirements are

given in certain cases, for example in respect of

attachments, etc., although in other cases the guidelines

are not particularly precise. It is stated that a back up

system must be present in the case of joystick control,

for example, although no requirements are specified. The

requirements that should apply to a back-up system are

a question that is often discussed among adaptation

workshops.

Neither the Norwegian nor the English guidelines are

concerned to any great extent with the design and use of

the type of IT based aid (so-called transport information

systems) that is beginning to appear in the market, for

instance adaptive cruise control, anti collision systems

and navigation systems, etc. (see also Section 7.5). There

are no general guidelines in respect of how to apply

transport information systems to take account of

functionally disabled drivers internationally (Nicolle,

Peters & Vossen, 1994). The aforementioned EU project,

TELAID, produced a report covering more than 500

different types of aid for the adaptation of vehicles for

persons with disabilities (Naniopoulos & Bekiaris (Eds.),

1992). A subsequent report describes ways in which

transport information systems may be used to achieve

better vehicle adaptations (Naniopoulos & Bekiaris

(Eds.), 1993). A PC based database containing examples

of different categories of aids was also developed as a

part of the project (Dangelmaier & Vossen, 1993), in

which it is possible to search for aids for different types

of functional disability with reference to a system of

classification that was also developed in the project, and

aids specially intended for different aspects of the task

of driving (see also Section 5). The database is available

on the Internet, although since the project came to an end,

there is unfortunately no one to take responsibility for the

development and maintenance of the database.

VTIRAPPORT426A



 

7.3 Common types of adaptations for persons

with spinal cord injuries

An early work by Egli (1984) gives a series of different

recommendations as to how to prioritize different

adaptation measures. Unfortunately, he does not relate

the proposed measures to different types of functional

disability, in addition to which a great deal has happened

in the field oftechnology for the disabled since the article

Table 6

was written. Murray-Lesslie (1992) also describes

different aids for steering, accelerating/braking and

applying the hand brake, as well as aids for starting the

car and fastening the safety belt. Murray-Lesslie also fails

to relate the measures to the various functional

disabilities.

Tachakra (1981) describes the adaptations that are

required in order for paraplegics and tetraplegics to be

Aids for adaptation of the driver s environment for paraplegics 0r tetraplegics

 

Paraplegics

Automatic transmission

Hand control (accelerator/ brake)

Cruise control, if required

Adapted steering and brake servo

Technical aid for secondary controls (e.g. direction

indicators, lights, screen wipers), if required

Aid to facilitate getting in and out of the car (e.g.

swivelling seat, scissor lift), if required

Air conditioning system, if required

Petrol powered defroster system, if required

Aid for loading the wheelchair (e.g. roof box with

hoist), if required

Alarm/mobile telephone, if required

Tetraplegics

Automatic transmission

Hand control (accelerator/ brake)

Cruise control, if required

Adapted steering and brake servo

Steering knob or other gripping means on the steering

wheel

Technical aid for secondary controls (e.g. direction

indicators, lights, etc.)

Aid for using the parking brake

Foldable or adjustable steering wheel to facilitate

getting in and out of the car, if required

Aid for getting in and out of the car, e.g. sliding plate,

swivelling seat, scissor lift, etc., if required

Electrically adjustable seat, if required

Extra support for the trunk, if required

Aid for fastening the safety belt, if required

Aid for loading the wheelchair (e.g. roof box with hoist),

if required

Air conditioning system, if required

Petrol-powered defroster system, if required

Extra mirrors (especially in the case of regidity of the

neck), if required

Reversing aid (video, ultrasound, etc.), if required

Alarm/mobile telephone, if required

If the driver drives while seated in a wheelchair

Aid for opening and closing the car door

Ramp/hoist to enable the driver to drive while seated

in a wheelchair

Securing of wheelchair
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able to drive a car. In the first place, both groups should

choose a car with an automatic transmission. He believes

that a combined accelerator and brake control is

preferable, even if certain disadvantages are associated

with such a control; for example, starting on an uphill

incline may be difficult, and the reaction time may be

increased by having to move the lever past a neutral

position in order to brake. Technical solutions to these

problems are now available. Tachakra also believes that

tetraplegics should use the hand that is strongest and most

dependable for steering the car, and the other hand for

controlling the accelerator and brake. Care should also

be taken to evaluate the ease of getting in and out of the

car. If required, it may be necessary to let the driver sit

in his wheelchair and drive.

A lot has happened since Tachakra wrote his article,

although we are basically still faced by the same

problems today. It is possible to list a large number of

different technical aids that are relevant for different

degrees of functional disability in persons with a spinal

cord injury, although as already stated above, it should

be borne in mind that more or less every adaptation is

unique and probably must be unique if the optimum result

is to be achieved. In certain cases the technical aids are

of an advanced nature, for example joystick steering,

whereas in other cases the aids may be nothing more than

small, simple yet essential components, such as a sliding

plate to facilitate moving between the wheelchair and the

driver s seat, or a cord attached to the car door to enable

the driver to close the door. Table 6 contains a summary

of aids that may be relevant for paraplegics and

tetraplegics. Although admittedly not complete, the list

provides some idea of what may be required.

Some common aids for vehicle entry and

exit

In order to be able to enter a car from a wheelchair, the

essential requirement is for the car door to open

sufficiently wide to permit the wheelchair to approach

close to the car. Moving from the wheelchair to the

driver s seat can be a relatively simple task for a

paraplegic with strong arms and a not excessively heavy

body. For a tetraplegic, however, getting in and out of the

car without help may be a very difficult task. Figures 5,

6 and 7 illustrate three different techniques for getting into

a car from a wheelchair. Figures 5 and 6 differ with regard

to the construction of the wheelchair, in the sense that in

Figure 6 the seat itself can be folded and takes up less

space. No matter what approach is adopted, demands are

placed on the driver. A sliding plate of plastic or wood

can be used to facilitate movement.

7.3.1

                     

Figure 5
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How to enter the carfrom the driver s side with wheelchair I (from Betjeningshjelpmidler

i bil (= operating aids in cars), © SINTEF Unimed, OSLO).
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Figure 6 How to enter the carfrom the driver s side with wheelchair 2 (from Betjeningshjelpmidler

i bil (= operating aids in cars), © SINTEF Unimed, OSLO).
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Figure 7 How to enter the carfrom the passenger s side (from Betjeningshjelpmidler i bil

(= operating aids in cars), © SINTEF Unimed, OSLO).
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If a driver is not sufficiently strong, it is possible to

use a variety of aids, such as a swivelling or possibly a

pull-out driver s seat, or a scissor lift to help with lifting

the legs over the car door sill (see Figure 8). In extreme

cases, it is also possible to use a lifting device to move

the driver in and out of the car, although this is not a

common solution.

    

Figure 8 Swivelling driver s seat to facilitate entry

and exit (from Betjeningshjelpmidler i bil (= operating

aids in cars), © SINTEF Unimed, OSLO).

A folding steering wheel may be installed (see Figure

9) to give the driver more room when getting in and out

of the car.
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Figure 9 Folding steering wheel (from Betjenings-

hjelpmidler i bil (= operating aids in cars), © SINTEF

Unimed, OSLO).
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7.3.2 Common aids for steering

A paraplegic can very often manage to steer with the help

of an ordinary steering wheel. Many tetraplegics are also

able to do this, although it may sometimes be difficult for

them to grip the wheel and apply sufficient steering force;

in this case, they can resort to different types of steering

knobs or other gripping devices mounted on the steering

wheel (Figure 10). These are usually referred to as wheel

spinners, and the gripping device can be executed to fit

the individual driver s hand. It may be necessary in

certain cases to include some form of attachment for the

hand with the help of Velcro® tapes or by some other

means. Some wheel spinners are easily removed ifthey

are in the way when a non-functionally disabled driver

is using the car.

    

Figure 10 Different types ofsteering wheel grips (from

Betjeningshjelpmidler i bil (= operating aids in cars),

©SINTEF Unimed, OSLO).
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7.3.3 Common types of hand controls for

accelerator and brake

Hand control devices for the accelerator and brake are

often referred to as hand controls. They are available in

a number of different types and variants. Sometimes these

are entirely unique systems, of which only a single

example or a small number are made. Because people

with a functional disability are closest to the problem ,

it is not uncommon for technically competent and

interested individuals with a functional disability to make

their own hand controls. This can lead to good and safe

solutions, although there can also be poor solutions that

present a danger in traffic. It is often not sufficient to have

only a technical interest and skills. You also need to be

familiar with how the body functions and what can

happen in an incident or accident. More often than not,

however, people use prefabricated items. Boras

Elektromekaniska Verkstad (BEV), theAMU Group and

the Swedish Handicap Institute are examples of domestic

manufacturers of hand controls, although there are many

more. Some vehicle adapters also import units from

manufacturers mainly in Europe, e.g. SAHVA Auto in

Denmark, Guido Simplex in Italy, DeLangstraat in the

Netherlands and Zawatzky in Germany.

It is possible to distinguish between two types of hand

controls: a combined accelerator/brake or a separate

accelerator and brake. Both have their advantages and

disadvantages. The advantage of a combined system is

that there is only a single control, which can reduce the

reaction time (movement time) because there is no need

to change from one control to the other, although on the

other hand the technical solution may be such that the

transport distance between the accelerator function and

the brake function is so long that it still takes time. It is

also possible to distinguish between a steering wheel-

mounted or a oor-mounted control. Wheel mounted

controls often have the advantage that the driver can keep

his/her hands on the steering wheel at the same time as

Accelerator

 

    

Figure 1] Steering wheel-mounted manual device with

separate accelerator and brake levers (from Betjenings-

hjelpmidler i bil (= operating aids in cars), © SINTEF

Unimed, OSLO).
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he/she is operating the accelerator control (see Figure

l l).

The black arrow indicates how the accelerator control

is used, and the white arrow indicates the direction of

actuation for the brake. Today there is available a more

recent, single-lever system, which facilitates braking and

hill starts when it is necessary to control the accelerator

and the brake simultaneously.

Figure 12 shows a oor-mounted single lever control.

The black and the white arrows illustrate the direction of

actuation of the accelerator and the brake, as in Figure

11. The opposite function is also conceivable (accelerator

forwards and brake backwards), and there is nothing to

say for certain which is best (see also Section 7.1).

Brake
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Figure 12 Floor-mounted manual device with

combined accelerator and brake levers (from Betjenings-

hjelpmidler i bil (= operating aids in cars), © SINTEF

Unimed, OSLO).

Both the manual controls illustrated in Figures 11 and

12 are quite common in Sweden. One disadvantage

associated with many hand controls is the inability to

change hands for operating the accelerator control, which

is essentially a continuous task. This problem can be

solved with a so called gas ring , which consists of a

ring mounted on the steering wheel and with a smaller

radius than the steering wheel (see Figure 13). The ring

is pressed with either the right or the left hand. This

system is not so common in Sweden. In the figure, the

brake control is also mounted on the steering wheel. This

type of hand control is not entirely without problems. It

can be difficult to regulate both the speed and the steering

in one and the same control. Earlier versions

(mechanical) of the accelerator and brake ring did not

work in conjunction with an airbag.
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Accelerator

Figure 13 Accelerator and brake controls mounted on

the steering wheel (from Betjeningshjelpmidler i bil (=

operating aids in cars), © SINTEF Unimed, OSLO).

7.3.4 Other types of aids

There is a range of other controls that the driver must be

able to operate when driving. The driver must be able to

signal (acoustic and visual signals), turn on the lights,

switch between dipped and full beam, operate the

direction indicators, the windscreen wipers and washer,

open and close the windows, and check the air

conditioning, defroster and seat heating, etc. These are

all secondary controls. The radio and mobile telephone

are also included in this category, although it could be

claimed that these represent a third group and are not

directly essential for the task of driving. The controls

must be positioned in such a way that the driver can reach

them and operate them. They must also have a form that

makes them easy to use, which often means that they

must be a little larger than the original controls, and yet

at the same time they must not be located so close to the

driver that they presentthe risk of actuating a control by

mistake. A driver with a spinal cord injury will often

already be quite heavily burdened by everything that

needs to be done with the hands. This has led to a search

for alternative solutions, such as steering wheel-mounted

remote controls, head restraints with integrated controls,

and voice-actuated controls. Figure 14 shows a simple

modification of the direction indicator lever enabling it

to be operated with either the left or the right hand.

If a driver has sufficient strength and mobility in the

neck, he/she can use head/neck movements to actuate

secondary controls. Switches for the direction indicators,

lights and windscreen wipers, etc., can then be installed

in the head restraint (Figure 15). This frees the driver

from the need to take his/her hands from the steering

wheel and the hand controls. The number of control

functions that can be placed in the head restraint is

naturally limited.
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Figure 14 Modified controls for direction indicator

(from Betjeningshjelpmidler i bil (= operating aids in

cars), © SINTEF Unimed, OSLO).

 

Figure 15 Head restraint with switches to control

direction indicators, lights and screen wipers, etc. (from

Betjeningshjelpmidler i bil (= operating aids in cars),

© SINTEF Unimed, OSLO).

In order to bring together all, or at any rate most of

the secondary control functions and position them close

to the driver, it is possible to make use of a control box

mounted on the steering wheel (Figure 16). Also available

on the market is an IR-based system developed by Brian

Page Controls in England. This resembles a conventional

remote control unit, but with slightly larger buttons.

Figure 16shows this control combined with a wheel

spinner.
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Figure 16 Steering wheel-mounted remote control

combined with wheel spinner (from Betjeningshjelpmidler

i bil (= operating aids in cars), © SINTEF Unimed,

OSLO).

Voice-actuated or speech actuated systems that are

suitable for secondary control functions have been

available for a few years (see Figure 17). This technology

is based on the driver using a number of commands for

different functions, e.g. turn right or main beam , etc.

The driver speaks the command into a microphone that

can be installed in the car close to the driver or attached

to the driver. It is important for the microphone to be

positioned to avoid unnecessary noise interference from

the car or other traffic. There are two types of voice

actuated systems, on the one hand user-dependent and

on the other hand non-user-dependent or general.

User-dependent systems must be trained

individually by each driver. This requires the driver to

speak the commands a number of times to create a

pattern, which the system canthen use to recognize the

commands. This type of system offers the advantage of

being reliable, and of being capable of retraining if the

driver s voice changes, for example due to a cold. The

disadvantage is that it takes time to train the system.

Non-user-dependent systems already contain a general

pattern for a given set of commands from the outset. This

enables them to be used immediately without the need for

training. The problem associated with these systems is

that they are less exible than the user-dependent

systems, and that there is a greater risk of the command

being misinterpreted or missed.

The first voice-actuated systems had many

shortcomings, and their function was uncertain, although

significant advances have since been made in the

technology, to the extent that most of the problems have

now been solved and the reliability is good. There are

also systems with the ability, in most cases, to cope with
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noise interference from the engine, radio and other traffic.

This once posed a serious problem. The advantage of a

voice-actuated system is the associated ease of adding

new functions. All that is required is reprogramming.

There are systems with the ability to cope with up to 50

functions. There is a system available on the market

intended for car adaptations known as Katalavox, which

is manufactured by the French company, Kempf. Voice-

actuation can only be used for secondary control

functions, and never for primary control over the vehicle.

The technology is not sufficiently reliable, and the voice

does not function well for the continuous control required

when steering a car. There are supporters of this

technology, however, who maintain that it should be

possible to use it for all control functions (Heron, 1989).

 

Figure 17 Voice-actuated secondary controls (from

Betjeningshjelpmidler i bil (= operating aids in cars), ©

SINTEF Unimed, OSLO).

There are certain other aspects associated with the

use ofvoice-actuated controls. The initial reaction is that

it may appear a little strange for the driver to speak to

the car, especially if there are passengers present. The

driver will probably be able to overcome this if it is found

to work well, and if the driver can rely on the system. The

general attitude towards speaking to machines is also in

the process of changing in the light ofthe developments

that are taking place in the data and telecommunications

sectors with their advanced telephone answering

machines and other data and telecommunications

services.

There is a series of other aids that may be significant

for drivers with a spinal cord injury, for example remote

controls for opening and closing the car door, reversing

aids (videos and ultrasound, etc.) and cruise control

systems.

7.3.5 Driving from a wheelchair

If the functional disability is so serious that the driver

must drive seated in a wheelchair, this presents a series

of problems (see Figure 18).
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Figure 18 Driving from a wheelchair ( ram

Betjeningshjelpmia ler i bil (= operating aids in cars),

© SINTEF Unimed, OSLO).

The need to adopt such a solution will often be

determined by the fact that the functionally disabled

person lacks sufficient strength to move from the

wheelchair and into the driver s seat. The choice will then

very often be to use a larger vehicle, such as a van. This

may need to be converted to provide sufficient space for

the driver and his/her wheelchair. It may be necessary to

lower the oor or raise the roof. This has to be done in

such a way that the integral strength of the vehicle is not

jeopardized. A hoist or a ramp is also installed to enable

the wheelchair to drive into the vehicle. Two reports,

Hjelpemidlerfor adkomsz bil (Access aids to cars)

(SINTEF, 1992a) and Seter, belter 0g rullstolfester

(Seats, belts and wheelchair mountings) (SINTEF,

1992b) describe in detail the types of aids that are

available. The driver must also be able to open and close

the vehicle door, for example with the help of a remote

control. Once inside the car, it must be easy to manoeuvre

the wheelchair into a position in which it can be secured.

There are safety regulations in force that regulate the

means of attachment of wheelchairs in public transport

vehicles, which were formulated by the Swedish Board

of Transport (1989). These regulations actually apply to

passengers, and not to the driver s seat. There are thus

no requirements that clearly and unambiguously regulate

how a driver s Wheelchair must be secured. In addition

to rules governing the securing of a wheelchair, rules

should also be introduced requiring a wheelchair to

withstand a collision and not to collapse in such a way

as to cause injury to the driver (see also Section 7.4.3).

The wheelchairs concerned in these cases are electric

Wheelchairs, which are heavy; this means that both the
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wheelchair, the vehicle body and the mounting

components must be dimensioned so that they are

capable of withstanding a collision. Advanced

conversions of this kind are carried out by the AMU

Group, BERAM Auto-adapt and Permobil, although only

a small number are produced every year in Sweden.

7.3.6 Steering with a steering lever or joystick

If a driver with a spinal cord injury must sit in a

wheelchair to drive a car, it is also likely that he/she will

be unable to use the steering wheel to steer. Two types

of lever systems are conceivable in the circumstances:

either separate levers for steering and accelerating/

braking (Figure 19), or a combination system with only

a single lever, known as a 4 way joystick (Figure 20).A

number of different technical solutions may be

considered, including hydraulic, pneumatic and electrical

systems, or some combination ofthese (hybrid system).

There are no fully mechanical systems.

Hydraulic systems have the advantage of providing

the driver with important feed back, in the same way as

mechanical systems. This can be important in relation to

steering. Counter-forces and vibrations in the lever can

give the driver better control over the vehicle. The

operating principle of a hydraulic system is for a uid

(oil) to be subjected to pressure with the help of a piston.

The uid then passes via a closed pipe system and

actuates another piston, in so doing transmitting a

mechanical motion. By using pistons of different sizes,

it is possible either to amplify or reduce a force. This

principle is used in a conventional hydraulicjack. The use

of a hydraulic system thus enables a control lever to be

placed in an optimal position, and the force that the driver

can comfortably generate can then be amplified so that

it is sufficient to steer the car. If this is still insufficient,

it is possible to resort to a servo in order further to reduce

the requirement for steering force. Back-up capacity is

necessary, in view of the absence of a mechanical link to

the car s original system. It is essential to avoid a

situation in which the driver can no longer steer if a leak

occurs in the hydraulic system. A hydraulic system thus

calls for back-up capacity to be available. The force

utilized by the servo is often taken from the car engine,

which means that either back-up capacity must be

available, or else a back up system that takes over if

something happens. The above comments in respect of

hydraulic systems also apply to pneumatic (air) systems.

Purely electrical systems are often referred to as

control-by wire systems. In this case, the direct link

between the lever and the steering system has quite

simply been cut . There is thus no direct feed-back to

the lever in the form of counter forces. It is not entirely

clear what effect this has on the ability to steer. There is

a need for further research in this area. The fact that the
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system works can be established, because a number of

such vehicles are already on the road, including in

Sweden. The first such systems appeared in the 1970s

(Arnberg, Lundblad & Ottosson, 1979; and Koppa,

1990). In a number of European countries (e. g.

Switzerland and Denmark), it is not permissible to drive

cars equipped with a joystick (see also Section 7.4).

Long experience ofjoystick control can be found in

the aviation industry. Compared with a car, an aircraft

possesses a further two degrees of freedom as far as

steering is controlled. It was natural, therefore, to utilize

the opportunities provided by a 4-wayjoystick from the

outset. It is only quite recently, on the other hand, that the

steer-by wire technology has begun to be applied, and

this has not been without its problems. Here, too, it is not

entirely clear what feed-back should be given to the

driver in order to achieve the best steering performance.

Research and development work is currently under way

in the automobile industry to develop the control-by-

wire technology, although as far as is known, no account

has been taken of the experience available in the field of

car adoptations. It is interesting to note that the SAAB

Automobil company produced a lever controlled car

some years ago, which was exhibited to the public but

never went into production. The development was

unfortunately stopped, and the car was put to one side.

Those car adaptation workshops that were able to test

drive the SAAB car were full of praise for it.
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Figure 19 Lever-controlled car with separate

accelerator/brake controls (not illustrated) (from

Betjeningshjelpmidler i bil (= operating aids in cars),

© SINTEF Unimed, OSLO).
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Figure 19 illustrates the principle of a lever-controlled

car with separate controls for the accelerator and brake.

The controls for the accelerator and the brake are not

shown in the figure, however. It is usual for the steering
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lever to be positioned on the right, and for the

accelerator/brake control to be on the left. Steering takes

place by moving the lever in the direction in which it is

wished for the car to move. The steering wheel is usually

left in place, not only so that the car can be driven

without using the lever, but also to provide (visual) feed-

back to the driver that something happens when the lever

is moved to one side.

Figure 20 shows a 4-way system. The lever in this

case is more often than not to the right of the driver. Very

small forces are required to control the car, although this

also makes it difficult to control, and training is needed.

It is very easy for a driver who is not used to the system

to over compensate.

 

Figure 20 4 way control system in which the

accelerator brake and steering are controlled with a

single lever (from Betjeningshjelpmidler i bil (= operating

aids in cars), © SINTEF Unimed, OSLO).

7.4 Standards, safety requirements and car

inspection

There is a range of regulations, standards and

specifications which regulate the design of our cars; for

example, ECE, EEC, ISO, DIN and SAE. The reason for

these standards is to ensure that a certain level of safety

and quality is achieved, although standards also cover

aspects such as ease of use, maintenance and service life.

There are very considerable gaps, however, when it

comes to adaptations for the disabled (Koppa, 1990; and

Veenbaas & Brekelmans, 1996). Some standardization

organizations have published documents that are of

interest for adaptations for the disabled (Table 7).

47



  

Table 7 European standards applicable to car adaptations (from Veenbaas & Brekelmans, 1996).

Description Existing standards Comments

General EEC 74/60 ECE 21 Internal details inside the passenger

compartment

EEC 89/336 Electromagnetic compatibility

Modified gearbox

Modified clutch

Modified brakes

EEC 35

EEC 35Modified accelerator control

Modified steering

EEC 71/320, ECE 13

EEC 74/297, ECE 12

EEC 74/297, ECE 12

EEC 70/311, ECE 79

EEC 74/297, ECE 12

Not available

Not available

Brake components

Positioning of pedals

Requirements for steering system in the

event of collision

Positioning of pedals

Requirements for steering system in the

event of a collision

Steering device for motor vehicles and

trucks

Requirements for steering system in the

event of collision

ISO 4513, ISO 6549

Modified secondary controls EEC 76/ 756, ECE 48 Lighting

EEC 78/317 Defroster

EEC 78/318 Windscreen wipers and washer system

EEC 78/548 Heating system for passenger and driver

compartment

EEC 77/649 View

ISO 4040 Positioning of controls, direction

indicators and information

ISO 4513 View (eyelips) driver s eye position

ISO 3958 Reach for driver

EEC 71/127 Rear view

Modi ed driver s seat EEC 77/649, ISO 6549 View

Position of eyes and H point*

Collision requirements

Collision requirements

  

Wheelchair attachment ISO CD 10542

Wheelchair ISO WD 7176-19

Wheelchair storage Not available

Wheelchair hoist Not available

Aids for getting in and out of the car Not available

Modification of doors and door DIN 13249

openings

Protection for wheelchair users DIN 75 078

  

* The H-point is defined as the average location of the hip joint of the. driver in a compressed seatof a vehicle.
The H-point is used when determlnmg the seat, space and reach requirements for the dr1ver s env1ronment.

Koppa (1990) states that it is mainly the SAE (Society

ofAutomotive Engineers) that has addressed the problem

in the USA. A sub-committee (Adaptive Devices

Standards Committee) of the SEA, the Committee on

Human Factors, is involved with questions of adapta-

tions. There are 5 different working groups: 1.

Mechanical steering systems; 2. Servo systems; 3.

Conversions (bodywork); 4. Securing ofwheelchairs, and

5. Wheel chair hoists. There is an SAE document that

deals with recommendations for hand controls (SAE
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J 1903). It will be appreciated that the work of the SAE

is far from all-embracing. For example, no group is

working on more advanced systems. Koppa s article was

written a few years ago, and it is not clear what is

happening today. There is nothing to indicate any major

level of activity, however.

A great deal of the interest shown recently in

questions concerning disabled persons in the USA has

been concerned with the ADA (The Americans with

Disability Act) and its significance (Augustsson, 1995).
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The ADA became law in 1990, and it provides for

disabled persons to enjoy equal rights to participate in the

life of the community. The ADAcovers both the private

and the public sectors. The ADA imposes requirements

to the effect that, for example, means of transport and

buildings must also be accessible to persons with a

functional disability. The ADA has fundamentally

changed American society, and according to Augustsson

(1995), this can be seen everywhere within society. He

maintains that the USA is without any doubt the most

accessible country in the world for people with functional

disabilities. This change is particularly noticeable in

hotels, schools, public buildings, restaurants and the like.

As far as public transport is concerned, they are in the

process of making the means of transport more

accessible, although there is still some way to go. The

significance of the contribution made by the ADA to

changed opportunities for persons with a functional

disability togain access to their own adapted vehicles is

not discussed in Augustsson s report.

Veenbaas and Brekelmans have taken up the question

of standards from a European perspective in their report

(Veenbaas & Brekelmans, 1996). They deal first and

foremost with the question of responsibility. Two parties

can be held responsible in the event of a road accident;

the vehicle manufacturer and the adaptation workshop.

One way of avoiding the problem of claims for damages

as far as possible is for the vehicle manufacturer to give

his permission in respect of what adaptations may be

installed, and how this shall be done in order to meet the

vehicle manufacturer s safety requirements. This

approach is being adopted by an increasing number of

manufacturers, for example BEV (Boras Elektro-

mekaniska Verkstad), which manufactures and markets

adaptation components for cars, and SAAB, Guido-

Simplex (an Italian manufacturer of adaptations) and Fiat.

Toyota also co-operates with manufacturers of car

adaptations. Fiat has also demonstrated an increased

general interest in road users with functional disabilities

and has initiated a special programme known as Fiat

Autonomy with the aim of making transport products

more readily accessible to everyone. Although the vehicle

manufacturer gives his approval for the adaptation

equipment to be installed, the equipment manufacturer

and the adaptation workshop are responsible for the

products that are installed in the vehicle. It is also

conceivable that different adaptation systems will receive

type approval for installation in different models of

vehicle. Only the vehicle manufacturer can apply for such

type approval at the present time, however, although

Veenbaas and Brekelmans feel that it would be preferable

ifthe manufacturer of the adaptation system could apply

for type approval together with the vehicle manufacturer.
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The report also lists a number of applicable EEC/ECE

Regulations (see Table 7).

7.4.1 Directive for adaptation of steering

General requirements in respect of the steering function

(for non adapted vehicles) are set out in 70/31 1/EEC, to

the effect that, with the system intact, a maximum of 150

N shall be required for a radius of 12 m at a speed of 10

km/h for less than 4 s. If a fault occurs, the requirement

shall then be a maximum of 300 N for a radius of 20 m

at the same speed and for the same time. If the car is

steered with some form of lever system, the same steering

function is also required in the event of servo failure. This

means that a back-up system must be installed.

According to the EEC Directive, joystick steering is not

permissible today. Hydraulic and mechanical steering

systems are permitted, however.

7.4.2 Directive for adaptation of braking

system

According to 71/320/EEC, a distinction is drawn

between three different braking functions in cars:

1. Service brake

2. Secondary brake, which shall function in the event of

a fault in the service brake (dual-circuit system)

3. Parking brake

Table 8 describes the currently valid EEC require

ments that are also applicable to Sweden.

The Directive also includes a requirement to the effect

that there must be at least two brake operating controls,

and that the service brake must be separate from the

parking brake.

7.4.3 Requirements for wheelchairs and

attachments

There are no unambiguous and clear requirements to

regulate thedesign of wheelchairs when used as driver s

seats and the manner of anchoring them. Nevertheless,

work is being done in a number of areas with a view to

establishing generally accepted requirements and

measurement methods. The ISO and ANSI/RESNA are

closely involved with these questions. ANSI/RESNA has

been asked to produce a report in the autumn of 1997

dealing with the requirements applicable to wheelchairs

in motor vehicles. There is an ISO standard (ISO CD

10542) (CD = Committed Draft) for wheelchair

attachments, which is currently (1997) at the voting stage.

This standard requires the attachment to be capable of

restraining a wheelchair weighing 85 kg with a load of

75 kg (dummy) at a loading of 20 g at 48 km/h. There is

also an ISO Draft (ISO WD 7176 19) (WD = Working

Draft), which imposes requirements on the construction
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of the wheelchair. The requirements set out in the Draft

stipulate that a wheelchair weighing 85 kg with a load of

75 kg shall withstand a loading of 20 g at 48 km/h, or in

any event shall collapse in such a way that it does not

cause injury to the driver. The Swedish National Road

Administration is currently in the process of drawing up

regulations for wheelchairs in motor vehicles, which also

deal with the question of requirements applicable to a

wheelchair when it is used as a driver s seat. English

wheelchairs that meet the forthcoming ISO requirements

are already on the market.

  

Table 8 Requirementfor minimum braking function (from 71/320/EEC)

. . Mean Max. force Max. force

amid; Steppmigmance retardation (foot) (hand)

(m/SZ) (N) (N)

Service brake,

engine 80 0.1V+V2/15O 5.8 500

disconnected

Service brake, <160 2

engine connected 80% of Vmax O'1V+V / 130 5 500

Secondary brake 80 0.1V+2V2/ 150 2.9 500 400

Residual service 80 0.1V+1OO/30V2/ 150 1.7 700

brake (after (loaded)

transmission 0. 1V+100/25V2/150 1.5 700
failure) (unloaded)

        

7.4.4 Car inspection

Procedures describing how vehicles adapted for disabled

persons shall be tested in the course of a motor car

inspection are generally lacking in Sweden. They are

basically subject to the same requirements as for non-

adapted vehicles. That is to say, currently valid European

and national standards lay down the requirements

applicable to inspection, although there are very few

requirements that relate specifically to adaptations for

disabled persons. A registration inspection is required in

the case of extensive conversions. There is no separate

inspection report for vehicles that are adapted for

disabled persons. As far as I am aware, no national or

international procedures have been formulated for the

inspection of vehicles adapted for disabled persons. A

proposal for an inspection report has been produced in

Norway by SINTEF Unimed, although this has not been

taken into use (SINTEF, 1993). It would be interesting

to take up this contribution and develop it further in the

form of a Nordic co-operation project. As previously

mentioned, certain car manufacturers have entered into

co operation with manufacturers of adaptation

components with a view to facilitating conversions and

ensuring a certain level of safety in cars that are adapted

for disabled persons.

7.4.5 Procedures for evaluating adaptations

All the contributions that have beenmade to date have

been concerned with the assessment of the driver or the

vehicle, but not both together. As already mentioned,
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every adaptation and situation is unique in principle. The

way in which the driver and the vehicle function together

should thus be evaluated. A systematic approach should

be adopted to the evaluation. The formulation of

guidelines for such anevaluation will probably call for

detailed work. One possible starting point could be the

assessment criteria used by examiners when conducting

driving tests and the requirements imposed on the vehicle

during inspection. These need to be specified, however,

and possibly quantified (e.g. the requirement to be able

to steer and brake under different conditions). It is

important to start not simply from direct safety

requirements, such as coping with an avoiding

manoeuvre, but an assessment of the level of comfort

may also be important for safety in the longer term. There

are links between comfort and safety, although they

remain to be clearly mapped out. The assessment should

also take account of the fact that persons with a

functional disability can perform differently from day to

day.

To take one example, it is possible to formulate a

braking test that does not simply measure the braking

distance or, alternatively, the braking reaction time. The

test should be designed so that the different phases of a

braking cycle can be analysed. Section 5.2.2 described

how the speed of reaction can be subdivided into:

perception, decision, motor response and stamina. All

these abilities can be affected either directly or indirectly

by a spinal cord injury. Stamina and motor response are
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affected directly by the functional disability, although

perception can also be affected by reduced sensation. The

adaptation should be designed so that it provides

effective support where the function is worst, in order to

achieve a whole that is as good as possible. By using a

retardation meter, it should be possible to design a

braking test capable of providing valuable information

about how well the driver and the vehicle go together .

The braking test could also be combined with a steering

task, because the requirement is for the driver to be able

to steer while braking. Further work is required in this

area.

7.5 New advanced technology in cars - what

are the possible consequences?

What is meant by advanced technology? In this case, it

means all new technology in the car that can affect the

driver s situation. This means both transport information

systems and more conventional technology such as ABS

(Anti-Blocking System) brakes and collision pads, etc.

What is meant by transport information systems? The

items covered by this generic term are described by the

Transport Telematics Delegation in its published

investigation, Bc ittre trafik med viiginformatik (Better

traffic with road information systems) (SOU, 1996).

Transport information systems are a new form of IT-

based support system for traffic applications with the

intention of improving safety, increasing practicability

and reducing the negative effect on the environment

produced by traffic. The delegation discusses 9 different

areas of application: traffic control; road-user

information; vehicle manoeuvring; control and safety;

public transport; parking; transport of goods, and

payment systems. Of these, it is primarily road-user

information, vehicle manoeuvring, control and safety, and

parking that are of interest to drivers with a spinal cord

injury. Table 9 contain contains some relevant examples

of applications in these four areas.

Table 9

with functional disability.

The Delegation deals separately with the adaptation

of vehicles for disabled persons, as an area in which

transport information systems can be important (SOU,

1996, page 62). Developments are progressing rapidly,

and several ofthe applications referred to above already

exist, at least as prototypes, and are being tested e.g. in

Gothenburg at the Swedish National Road

Administration s Arena test site. A great deal is also

happening in this area in other countries. A number of

acronyms are used, and it may be worth mentioning these

here. The term RTI (Road Transport Informatics) was

used initially in Europe, although ATT (Advanced

Transport Telematics) has since become the more usual

term. The term ITS (Intelligent Transport Systems) is

used in the USA, and IVHS (Intelligent Vehicle-Highway

System) is also encountered.

It is easy to imagine that there may be many

applications that may make things easier for car drivers

with a functional disability, although it can also be

appreciated that there is a risk of the demands on the

driver being increased when new technical systems are

installed in the car. It can become a problem for a driver

with a spinal cord injury, for whom simply driving the car

imposes a heavy load. The following two examples are

intended to illustrate both the advantages and the

disadvantages of new, advanced technical systems in

cars.

We already know that physical tiredness is a problem

when driving for long distances. It is often uncomfortable,

and both arms are subjected to static loading. Many

drivers with a spinal cord injury have a cruise control

device installed to make driving a little easier. The type

of cruise control that is available today is able to maintain

a constant speed set by the driver. If you are driving on

a road carrying other traffic, this may mean that you have

to disengage the cruise control as soon as you come up

behind a vehicle that is travelling more slowly. If you are

faced by the frequent need to do this, it is likely that you

Various applications of transport information systems ofrelevance to car drivers

 

Road-user
. . Vehicle manoeuvrlng
Information

Control and safety Parking

 

Road directions Adaptive cruise control

Traffic information Automatic distance

control

Digital maps Electronic road signs

Navigation Automated driving

   

Warning Directions to parking

place

Testing of competency Information

to drive

Theft check Booking system

Manoeuvring aid when

parking

Electronic driving

Hcence
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will not bother to engage the cruise control, and it will

not then provide the help that it should. Prototypes of

adaptive cruise control (ACC) devices are now

available. Most vehicle manufacturers have developed

their own systems, and the first commercial system will

shortly be offered as optional equipment. The function of

an adaptive cruise control enables it to vary the speed so

that the car maintains a safe distance to the vehicle in

front, without the need for the driver to intervene. This

is made possible by fitting a distance measuring device

on the front of the car. IR, laser or radar technology can

be used for this purpose. The driver sets a desired speed

as the target speed for the cruise control device, and if

the vehicle then comes up behind another vehicle driving

at a slower speed in the same traffic lane, the cruise

control will reduce the speed so that the following vehicle

does not approach too closely. If there is an opportunity

to overtake, or if the vehicle in front turns off the

carriageway and the coast is clear , the cruise control

will increase the speed again. It is also conceivable to

enhance the function so that the cruise control can stop

the car at a red light and move off again when the lights

turn green; this is known as the stop-and-go function.

A system of this kind was installed in the VTI s driving

simulator, and 20 disabled drivers without any leg

function were asked to drive for a distance of 100

kilometres, both with and without an ACC. It emerged,

in particular, that the physical loading was very much

lower with the ACC available, and that the drivers came

to depend on the system and would have liked to have

one in their own car (Peters, 1996). The ACC is thus a

system with the ability to facilitate and increase the

mobility of drivers with a spinal injury. In spite of this,

it is possible to establish that more work is needed to

make these cruise controlsystems truly optimal to use.

In spite of the improved function of the cruise control

itself, the operating controls (buttons on the direction

indicator) are not designed for drivers who drive with
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hand controls. It should be possible to develop some form

of voice-actuated control function for the cruise control

device available for these drivers.

It is now time to turn our attention to a more

problematic area, namely air bags and wheel spinners. An

air bag in the steering wheel is becoming more or less

standard equipment in new cars. Many tetraplegics are

unable to steer without an aid in the form of a wheel

spinner (see Section 7.3.2 and Figure 10). Some wheel

spinners are designed so that they cover the steering

wheel hub. A wheel spinner of this kind cannot be

combined with a air bag in the steering wheel. When

driving with a wheel spinner, the arm will cover the

steering wheel from time to time. It may also be

necessary to fix the hand in the wheel spinner. It is clear

from this that the driver may be injured by the air bag if

he/she is driving with a wheel spinner. Dalrymple (1996)

carried out a series of tests with different wheel spinners

and came to the following conclusions, among others: a

steering knob or a wheel spinner in the form of a stick

(i.e. not U-shaped or with three sticks ; see Figure 10)

is preferable; nothing may cover the hub of the steering

wheel; the wheel spinner must be as small as possible;

it is important for the driver to sit as straight as

possible; and all wheel spinners in which the hand is xed

run the risk of damage being caused to the arm when the

air bag is released. Dalrymple does not wish to go so far

as to recommend that air bags should be banned when a

driver is using a wheel spinner.

As can be appreciated from the foregoing, it is not

certain that new, advanced technology will bring an

improvement for drivers with a spinal injury, which can

be attributed to the fact that the technology is not

designed to take account of the specific needs and

resources of drivers with a functional disability. In the

very worst case, those who have the greatest need for the

technology may not be able to use it.
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8 Use of driving simulators

The idea of using driving simulators for testing,

instructing and training learner drivers with a functional

disability has been around formany years. In spite of this,

the concept has not led to a widespread use. There is no

routine use of driving simulators for drivers with a

functional disability. This is largely explained by the fact

that not very many simulators are available, that they are

expensive both to purchase and maintain, and finally that

most of them are not good enough.

8.1 Background

First and foremost, it must be clearly understood that

simulation is always a more or less good approximation

of reality. The simulation must be sufficiently good to be

perceived as realistic, and yet theaim should not be to

imitate reality exactly. There are many advantages

associated with the use of simulators. More about this

later. First, a brief background.

Advanced simulators were developed and are used

mainly in the aviation sector, both civilian and military.

Flying time is very expensive, and so even if it costs a

lot to purchase and maintain a simulator, ying time on

the simulator still costs less than in the air. Flight

simulators are used for the training and instruction of

pilots and for the development of ight systems, etc. The

first ight simulators were analogue, rather than digital,

and they had no visual system (i.e. no display screen).

The pilot flew simply by the instruments on the

instrument panel. The simulator has undergone enormous

development over time, and the systems in use today are

highly complex, often with a very advanced presentation

of the surrounding environment. The simulator industry

has been dominated for a long time by the requirements

of the aviation sector. This has also influenced the

development of other simulators. Flying is very different

from driving a car, however, and the requirements for the

simulators will also be different. Although ying is a

highly advanced task, ying is easier to simulate in some

respects. An experienced pilot can y simply by

looking at and reading the instruments, which is

unreasonable to expect of a car driver. The presentation

of the surrounding environment is less critical in an

aviation context, in spite of the fact that an aircraft moves

much more rapidly than a car. This is because the air is

a homogeneous environment, although this can scarcely

be claimed for the road traffic situation. The road traffic

environment is far more detailed. These comments are

intended simply to clarify some of the differences

between ight simulation and the simulation of driving

a car.
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Volkswagen in Germany was the first company to

develop a more advanced driving simulator, although

several car manufacturers now have their own driving

simulators, like Daimler-Benz, BMW, FIAT and Mazda.

Many research institutes also have their own driving

simulators, such as VTI, TNO (the Netherlands), and

INRETS (France), etc.

What is needed in order to be able to simulate driving

a car are a vehicle model, a display screen system, an

audio system, a physical driver s environment and

possibly a moving base system. Every individual part is

important, and how well they work together determines

the perceived reality of the simulation. The intention is

to achieve a driving situation that is perceived by the

driver as being as realistic as possible. The driver must

be led to believe that he/she really is driving a car on an

actual road. It is thus a question of including what is

important for our perception of driving a car. How well

we succeed with this will determine the external validity

of the simulator. In other words, whether experimental

results found on the simulator can be transferred to

reality. The majority of driving simulators have not been

evaluated to any great extent with regard to their external

validity. In the case of the VTI s driving simulator,

however, a number of validation studies have been

carried out (Tornros, Harms & Alm, 1977). It is thus

necessary to exercise caution when interpreting the

results of simulator driving sessions.

8.2 Driving simulators

There is considerable variation in what may be referred

to as driving simulators or car simulators. The static test

rigs that are used in conjunction with the testing of

functionally disabled driving licence candidates (see

Section 6.2) are sometimes referred to as simulators,

which is not the interpretation used here. No dynamic

driving task is used in a test rig, and all that is measured

is the reach, pedal forces and reaction times.

For the purposes of this report, a driving simulator

consists of a driver s environment (usually the front part

of a passenger car, or sometimes a whole car) with all

control functions (steering wheel, pedals, etc.), a moving

image in front of the driver, an audio system, and possibly

a movement system. A moving image system linked to a

steering function must be provided as a minimum in order

for the device to be described as a driving simulator.

According to Henderson (1992), there are essentially four

different types of driving simulator, depending on how the

image is generated:
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0 lm

0 terrain model with TV camera

0 computer-generated graphics

0 shadow projection

Computer-generated graphics are used exclusively

today. Computer deve10pment has achieved enormous

advances. A conventional PC today has a capacity

equivalent to that of a mainframe computer only a few

years ago. There are several PC-based driving simulators

on the market, e.g. STISIM from Systems Technology.

There are also simulators that are specifically conceived

for training and instruction, such as the French Rousseau

simulator. There are also computer manufacturers who

specialize in screen systems for simulators, such as

Silicon Graphics.

Most driving simulators have an audio system which

generates engine noise, tyre noise and, if appropriate,

noise from surrounding traffic. In addition to the video

and audio systems, a movement system is also required

if the simulation is to be realistic, although far from all

driving simulators include a movement system. These are

referred to as static simulators, and those with a

movement system are referred to as dynamic simulators.

The movement system and the co-ordination between the

screen image and the movement have a considerable

influence, not simply on the realism, but also on the

occurrence of travel sickness. Travel sickness is more

common in static simulators. Movement systems can also

be more or less well-developed, and some have only a

simple vibrating system that gives the driver the

impression of road contact.

There is only a handful of advanced driving simulators

in the world, and one of these is at the VTI, where it was

developed (Nilsson, 1989, and Nordmark, 1990).

Perhaps the most advanced simulator of all is at Daimler

Benz in Berlin. ITS America has published a brief review

of the most advanced simulators that are either in use or

in the process of being constructed (ITS_America, 1996).

Batelle in the USA has a dynamic (vibrations) mobile

driving simulator built into an articulated truck with

folding side panels.

At the same time as developments have progressed,

and we have gained access to increasingly more

advanced simulators technology, improvements have also

been made in the field sometimes referred to as

infotainment (a combination of the words information

technology and entertainment ). As this name suggests,

the area is concerned with information technology and

entertainment, i.e. different types of computer game. So

called arcade games are available in form of vehicle

simulators (e. g. of the Atari kind). Although the purpose

of these is not the same as for conventional driving
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simulators, the technology is now so advanced that even

these arcade games can also be seen as highly realistic.

Trials have also been carried out into the use of games

simulators of this kind for training and instruction

purposes.

8.3 What can driving simulators be used for?

A large number ofareas of application can be considered

for driving simulators, including vehicle development,

research, driver instruction, diagnosis/assessment, and as

a pedagogical aid in clinical contexts (see Section 6.2).

Most of the advanced simulators are used mainly for

research purposes (e. g. at the VTI) and/or for vehicle

development (e.g. at Daimler-Benz). Many simulators

were initially intended for use in vehicle development,

although increasing interest has been shown over the

years in using them to study the driver/vehicle

relationship, or HMI (Human-Machine Interaction). A

simulator can be used for vehicle development by testing,

in a relatively simple manner, the different values of

parameters that determine the dynamic characteristics of

the vehicle. A number ofleading vehicle manufacturers

now use simulators in this way.

Although the vehicle is important per se, the driver

and the interaction between driver and vehicle are of at

least equal importance for the whole. There is no point

in developing technical support systems, if no one can use

them. Today, many driving simulators are used primarily

for HMI research. Numerous advantages are associated

with the use of simulators in research of this kind. Full

control ofthe situation is retained in the simulator, which

means that precisely the same situations can be presented

to all the test persons (e.g. the same road, view, traffic

and friction). It is thus possible, by simple means, to

obtain a whole range of different, objective

measurements of driving behaviour, such as speed,

position on the road, and steering corrections. It can be

difficult to obtain these data in actual road tests, which

are often seen as the alternative to simulation. Simulation

and actual road tests should preferably be regarded as

supplementary to one another. A further advantage is the

ability to test new technical systems at an early stage and

to examine how they affect the driver, in order to

understand how they should be designed to harmonize

with the driver s needs and resources. It is not always

necessary for the technical system to exist as a finished

system, and it is possible to simulate all or parts of the

system. This approach has been adopted to the study of

advanced cruise control systems, anti collision systems

and other similar systems. It is also possible in this way

to study high-risk or critical situations without exposing

test persons to actual danger. The advantage of being able

to include drivers with a functional disability is obvious.
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Such drivers should be represented at an early stage when

evaluating new technologies. Drivers with the weakest

resources should be taken as the dimensioning parameter,

at least in certain cases, and this is often of benefit to all

concerned. If people with a functional disability are to be

able to drive in a simulator, this will impose a number of

additional demands on the simulator. On the one hand,

it must be possible for the driver to get in and out of the

simulator, which can pose problems, especially in

simulators with moving base systems, and on the other

hand, it must be possible to adapt the driver s

environment to suit the needs of the individual, which

often means that the person s own car must be imitated

as closely as possible. These demands are costly to

satisfy, but they may be unavoidable.

Interest began to be shown at an early stage in the use

of simulators for driver instruction. Presumably, there

was some in uence from the positive experiences gained

in the aviation field. One of the major advantages of using

a simulator for instruction is the ease with which it is

possible to repeat those situations which the learner

driver needs to practice as often as necessary. There are

many different types of training simulator, ranging from

simple to highly advanced systems. In spite oftheir quite

broad area of application, no thorough evaluations have

been made in support of the benefit of using simulators

in an education context. Simulators are not used to any

great extent as a learning and training tool in relation to

persons with a functional disability. Some trials were

carried out in the USA during the 80s with a group of

persons with perceptual disabilities, although no results

have ever been published (Henderson, 1992). In spite of

this, Henderson maintains that a good deal of evidence

is available to support the potential value of using

simulators for the instruction of functionally disabled

drivers. Henderson believes that the use of simulators

should be considered for training the following aspects

of driving:

1. handling the vehicle (level of control)

2. training ofperception; recognizing and understanding

3. emergency situations

This claim requires comment. In order to be able to

train basic vehicle handling skills, it is necessary for the

simulator to behave like a real vehicle and to be

perceived in a realistic fashion. It is thus difficult to

imagine meaningful training without some system of

movement. This is likely to be particularly important for

persons with spinal cord injuries, since many drivers with

spinal cord injuries can be extremely sensitive to the

vehicle forces that arise during braking and evasive

manoeuvres (see 4.2). Further research will be required

to investigate the value of training at control level in a
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simulator.

The task of driving at control level is largely a visual-

spatial task. This requires the driver to manoeuvre the

vehicle so that it stays on the road (spatial), and much of

the information needed by the driver to enable him/her

to drive is received via the sense of sight (vision). The

limitations of simulators derive from both the visual

system and the interaction between movement and

image. Proper realism is dependent on a good link

between image and movement. Any time-lag in the image

increases the risk of nausea, and driving will not be

perceived as particularly realistic. Many image systems

are unable to keep up with the task ofupdating the image

in conjunction with major manoeuvres (e.g. steering

round a corner), and the image starts to jump forwards.

This is also not a desirable characteristic when training

perception. A couple of further limitations in the image

system, which may have a critical effect on the visual

perception, are the limited resolution of the image and the

fact that the image is two-dimensional and projected onto

a screen. We should be aware of these limitations when

discussing the opportunities for perceptual training in a

driving simulator.

Training in emergency situations is an application in

which one is largely obliged to resort to simulators.

Driving on slippery roads and advanced driving on a

closed circuit are the only possibilities available if you

are to drive a real car. The value oftraining in emergency

situations depends on how realistically the driver

perceives driving in the simulator, and there is a lot of

evidence to suggest that persons who are not all that

experienced with driving simulators or familiar with the

techniques involved tend to drive in a manner resembling

actual driving. In spite of the critical comments made here

relating to the use of simulators as a training tool, their

application is definitely interesting, and their use/value

should be the subject of further investigation.

The final area of application of the simulator to be

discussed here is its use as a testing or diagnostic tool for

persons with functional disabilities, and in particular for

those with spinal cord injuries. Henderson describes a

simulator experiment carried out during the 80s, in which

driving licence candidates with CP injuries were

compared with a group of non-functionally impaired

learner drivers. The results appear to indicate that a

dynamic driving simulator could be useful tool for

identifying problems associated with the task of driving

experienced by the persons with functional disabilities

even before they start to drive on the road. Many of the

problems associated with the use of driving simulators for

training outlined above also apply here. Also, actual

driving on the road can never be replaced entirely by

simulator driving . It may be very valuable, however,
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as a complementary activity. The tests of a more routine

nature that have been carried out with driving licence

candidates with functional disabilities (reaction, strength

and co-ordination tests) should be supplemented with

tests which also include the dynamic requirements

imposed by the task of driving. It is easy in a simulator

to vary the degree of servo assistance for the different

controls and to measure the effect of this on comfort and

performance, evaluate (partially) the dynamic

appearance, and measure reaction times under different

conditions, etc. It should be possible to identify where

and when problems arise, as well as their possible

consequences. The driving simulator at the VTI is

without doubt one of the few dynamically advanced

simulators to have been used in the study of car drivers

with spinal cord injuries.
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8.4 Other

Dols, Sotos, Suay & Valero (1996) and Dols, Garcia &

Sotos (1996) report on a Spanish project in which a

driving simulator is being developed specifically for

persons with functional disabilities. The driver s position

must be easy to adapt to different types of functional

disability. No results are available yet, however, and it

is unclear how advanced the simulator will be with regard

to the simulation of a dynamic driving environment.

Daimler-Benz in Germany has similar advanced

simulator, which allows the testing of different proposals

for the design ofthe driver s position through the facility

to vary the entire driver s position (Petzel, 1996).

However, this simulator is not used for the adaptation of

the driver s environment for drivers with disabilities.
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9 Mobility Centres

There is a number of so-called Mobility Centres in

England, which are a kind of skills centre where people

with a functional disability can obtain help in solving their

mobility problems. They can go here for an overall

assessment, based on the opinion of several experts, of

their ability to drive a car, and ofthe adaptations that they

require. There are no such centres in Sweden. A

candidate for a driving licence with a spinal cord injury

will go through various stages at the centre and will meet

a number of experts on his or her way to obtaining a

driving licence (see Section 6.1). However, there is no

facility at which a co-ordinated approach is adopted

towards the assessment of the disabled person s ability

to drive acar. Certain rehabilitation centres co operate

with driving schools, although these can scarcely be

regarded as mobility centres for driver training. This

Section brie y describes the activities in particular at

some of the mobility centres that are involved in these

questions in England and Belgium. Even when there is

access to mobility centres, such as those in England, it

is by no means certain that all the problems will be

solved, as can be appreciated from the following account.

This story provides an example of the possible

consequences if there is no sustained communication

between the various experts who are involved in the

efforts to help a functionally disabled person to obtain a

driving licence and his/her own car. Mells & Ellison

(1992) give the following account of an incident in

England. A young woman with a spinal cord injury

(tetraplegic) was undergoing an assessment at a mobility

centre, where it was found that her functional disability

would not prevent her from driving a car. She was also

told the type of adaptation that she would require in her

car. The woman went home and contacted a local car

dealer and adaptation workshop for help. Neither the car

dealership nor the adaptation workshop followed the

recommendations made by the mobility centre.

Immediately afterwards, the woman was involved in a

serious road traffic accident, which was caused by the

fact that she had insufficient stability in her trunk, and the

adaptation had not been carried out in accordance with

the recommendations. This story should not be taken as

an excuse for not establishing mobility centres in

Sweden, but should be regarded as an example of what

can happen when communication fails between various

areas of responsibility.

9.1 Banstead Mobility Centre, England

The DVLA (Driver and Vehicle Licensing Agency) is

responsible for issuing driving licences, including for

drivers with functional disabilities, in England. It is
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generally true to state that Sweden and England have

radically differing views when it comes to who has

financial responsibility for functionally disabled persons.

Most of the money comes from charities in England,

whereas the State undertake a responsibility in Sweden

( equal value and rights of all citizens ). This means that

the need for support to cope with the financing is greater

in England. One of the organizations there is Motability,

which devotes itself entirely to helping to find solutions

to financial problems. As already mentioned in Section

6.6, RADAR (Royal Association for Disability And

Rehabilitation) has produced an excellent set of

information material about functional disabilities and

driving.

There are about 10 authorized Mobility Centres in

England, Where people with functional disabilities can

turn for a range of help with questions concerning driving

licences, instruction and adaptations, etc. Their umbrella

organization, the UK Forum of Mobility Centres, has

built up a network for the dissemination of information

and know-how. Most of the centres finance their

operation through charitable donations and with funding

received from trusts.

The Banstead Mobility Centre is one such centre

located on the outskirts of London, which has been in

existence for 15 years (Banstead Mobility Centre, 1996).

More than 1000 persons approached the Centre in 1995/

96 for help in meeting their transport needs. More than

300 of these received help in the form of an assessment

of their ability to drive a car. The Banstead Centre

receives not only people with impaired mobility (only a

small proportion of the people who visit the Centre

simply have a spinal cord injury) but also those with

perceptual, cognitive or mental problems (e.g. stroke, CP,

MS and brain damage or cranial injury). This has enabled

the Centre to build up expertise in the assessment mainly

ofpersons with different types of brain damage or cranial

injury. A functionally disabled person can come to

Banstead either on his/her own initiative or by being

referred by a doctor, although there are other ways of

gaining access.

A complete assessment takes a whole day as a rule.

The evaluation is made by a group consisting of a doctor,

psychologist, orthoptist (a medical technical assistant

who carries out sight tests), occupational therapist,

driving instructor and other technicians, if required. A

series of different tests is carried out (e. g. sight test,

reaction test, strength test and various psychological tests

to measure the capacity for divided attention and

decision-taking), and a driving test is performed. The

Centre has a number of cars with various adaptations,
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and the area also has its own test and training track. Once

all the tests are complete, the whole group of experts

makes an overall assessment ofthe opportunities for the

functionally disabled person to drive a car, and of the

need for vehicle adaptations and driver training. Finally

when the evaluation is complete, a summary is printed

out for the patient to take home. The evaluation is an

advisory document, which the disabled person can then

use locally to get the right help with adaptation and

training. The procedure described here is applicable to

persons who are not only suffering from impaired

mobility. The testing procedure is not as comprehensive

for persons with a spinal cord injury. The emphasis in this

case is to identify the right kind of adaptation. Banstead

does not usually accept people with high neck injuries

(tetraplegics) who need to drive from a position seated

in a wheelchair, and they are instead referred to MAVIS,

in Crowthorn, near London.

MAVIS is a Centre run by the DOT (Department of

Transport). MAVIS has a eet of 25 cars with various

types of advanced adaptations, ranging from simple hand

controls to 4 way joystick-controlled vehicles (Mells &

Ellison, 1992). The clever thing about these Mobility

Centres is that they bring together a group of experts

from various disciplines with experience and know-how

about driving and functional disabilities. Together, they

are able to arrive at an overall assessment.
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9.2 CARA, Brussels

Belgium has an institute known as CARA (Centre

d adaptation ala route pour automobiles handicapés).

CARA commenced its activities in 1978. CARA is a part

of the Belgian Road Safety Institute, which in turn reports

to the Ministry of Transport. CARAis located in Brussels

and is a central body for functionally disabled car drivers.

People with functional disabilities can turn to CARA for

help with questions relating to driving licences and

vehicle adaptations, etc. The centre is staffed by

psychologists, occupational therapists, driving

instructors, technicians and people with other important

skills. After testing of the same kind that is carried out

at the English Mobility Centres , the Institute is in a

position to help with the adaptation of a vehicle. The

Institute is also able to lend adapted vehicles to

functionally disabled persons, so that they can receive

instruction and training where they live from a local

driving school. CARA is also unique, in the sense that it

has been carrying out perceptual and cognitive tests on

functionally disabled persons for along time. It has also

been monitoring people with functional disabilities who

are currently driving or have previously driven vehicles

adapted for the disabled.
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10 Comfort and safety

You sometimes hear the comment that the price to be paid

by a functionally disabled person for his/her mobility is

inadequate safety. This may well be true in part, although

it is possible to ask oneself if this actually needs to be the

case. There is a need to review the safety, both passive

and active, of vehicles adapted for disabled persons. A

link exists between the driver s comfort and safety, even

if it is not an entirely simple one. If the adaptation is not

designed to suite the driver, but if it instead causes

problems and is perceived as uncomfortable, this may

force the driver to change position and may result in

reduced stamina. This in turn may lead to impaired

performance and reduced resources for dealing with a

critical situation. No sufficiently good methods are

available at the present time for evaluating the comfort,

ease of use and safety of different adaptations as far as

the needs and resources of a driver with a functional

disability are concerned.

10.1 ls inadequate safety the price of mobility ?

Let us now return to the question of the price of mobility.

The opportunities may well be limited in certain cases,

and it may not be possible to guarantee the same level

of safety for certain functional disabilities. This may

apply to people with an extremely brittle skeleton, so

called porcelain people , or to those with muscular

dystrophy. Such people will probably always run a

greater risk of injury in a collision, however, because their

bodies are far less able to cope with the forces that may

arise in a collision. A similar situation applies to other

diseases or injuries which reduce ourability to withstand

physical loads. In spite of this, however, the basic

ambition must be to provide functionally disabled persons

with the same level of passive safety as all other drivers.

In spite of this, it is precisely this aspect of vehicle

adaptations for the disabled that suffers the greatest

violation. It is permissible to modify the driver s

environment without the need for it to undergo a collision

test. Certain components are obviously subject to
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requirements, such as seat mountings, although not the

hand controls. It would perhaps be unreasonable to

stipulate collision testing for all adaptations. This would

result in excessively expensive adaptations. One way of

avoiding the problem is to arrange for the components

concerned to be type approved, which would have to be

done by co-operation between the vehicle manufacturer

and the manufacturer ofthe adaptation components. It is

reassuring to note that certain vehicle manufacturers have

taken increased responsibility upon themselves in matters

of this kind. A further step along this road would involve

organizing courses in collision safety for car adaptation

workshops or, even better, introducing requirements for

the certification of car adaptation workshops. Methods

for testing the active safety of different adaptation

components should naturally alsobe developed, but in

order to be able to test the active safety, it is also

necessary to take account of the way in which the

different components interact with one another.

10.2 Comfort, ease of use and safety

There is also a need to review the inspection procedures

for adapted vehicles and to work out more detailed

guidelines for inspections. It should be possible to take

the Norwegian proposal for an inspection report as the

starting point. Apart from the more technical

requirements that apply to adaptations here, it would also

be advisable to develop suitable methods for evaluating

different adaptation alternatives from a user s point of

view. Koppa already made a contribution in this area

during the 70s, when he developed a modified version of

the so-called Cooper-Harper scale, which is used to

measure the workload. He then used this scale to evaluate

different joystick control systems, and he found that no

system scored more than 4 on a lO point scale (Koppa,

1990). The Cooper-Harper scale is based on subjective

estimates of the workload. There is probably a need to

complement these subjective methods with objective

measurements in order to obtain a reliable indication.
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11 Need for further work

Although impaired mobility was the form of functional

disability that was the target of the first attempts to adapt

the driver s environment, and the greatest experience

relates to this group, this is not an area with which we

are yet finished . A lot still remains to be done to ensure

safe, comfortable and dependable mobility for drivers

with a spinal cord injury. Many problems related to spinal

cord injuries and driving have been solved successfully,

and today not even a high neck injury need be an

insurmountable obstacle to anyone who wishes to drive

a car. There is still much to be done to develop hand

controls, for instance, so that they are both more

convenient and safer to use. The introduction of transport

information systems is also bound to change the situation

of drivers with a spinal cord injury in many ways. The

new technology can involve both new opportunities and

risks. It is also particularly important to provide the

necessary economic conditions to enable people with a

functional disability to have access to the freedom and

mobility that a car of their own can bring.

11.1 Need for research

The following are examples of research work that could

lead to improved vehicle adaptations for drivers with

spinal cord injuries, which would also benefit other

groups with functional disabilities. We must form a

clearer impression of what the car means for the

opportunities available to people with a spinal cord injury

to satisfy their transport needs. To what extent does the

car contribute to an increased quality of life for people

with a spinal cord injury? The car allowance scheme

should be examined in order to establish its importance

in enabling people with a functional disability to satisfy

their transport needs. This has still not been done.

We need to be able to monitor more closely the

problems that these drivers face in the traffic

environment, e. g. insufficient comfort, incidents and

accidents, etc. We need to develop reliable and more

complete tests to establish what adaptations are required

by an individual. We also need to take greater account

of how best to apply the resources of a person with a

spinal cord injury in order to ensure a safe, reliable and

comfortable driving situation. It is important for a person

with a functional disability to perceive his/her driving

situation as both reliable and safe. We also need to

investigate whether any differences in the need for

training and instruction exist between those who already

had experience ofdriving a car before they were injured

and those who had never driven a car before they were
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injured. Given the various types of hand control and other

adaptations that are available, there is a need for more

specific guidelines as to how these should be designed

bearing in mind their use, function and safety. It is not

always possible to draw upon general guidelines to be

certain of achieving a good design and function.

11.2 Technical research and development

We have a relatively long and wide-ranging experience

of adapting the driver s environment for drivers with a

spinal cord injury. It is sometimes said that the limiting

factor today is not the technology, but the economy. It is

really not that simple. I will try to illustrate this with a

few examples. Steer-by-wire technology is very

promising, but its development is certainly not complete.

There is a need for both research and technical

development. It is also necessary to investigate the level

of feed back that the driver needs at the steering wheel

in order to achieve the best functionality. Cars are more

or less the same today as they were one hundred years

ago. Most cars have a steering Wheel, an accelerator

pedal, a brake pedal, a clutch pedal, a gear lever and so

on. Today, however, we have the technical capability to

create an entirely different driver s environment. It is, in

fact, conceivable to apply full control-by-wire technology

to all the operating controls at the driver s environment.

This would result in a vehicle that is much easier to adapt

to the needs of different individuals. A number of

European vehicle manufacturers appear to be interested

in developing cars based on control-by-wire technology,

and the primary target group is not drivers with a

functional disability, but drivers generally. Similar ideas

have also been proposed on a number of occasions, when

the subject under discussion was cars that are more

suitable for drivers with a functional disability (Koppa,

1990; Clough, Ives & Nwagboso, 1993). The

experiences gained from joystick-controlled cars for

drivers with a functional disability should be taken into

account, and this group of drivers should also be involved

in, and invited to make contributions to the technical

development process. The passive collision safety of

drivers environments that have been adapted for disabled

persons is definitely a neglected area, and it should be

both investigated and developed (Koppa, 1990). The

authorization of workshops, better vehicle inspection

procedures, and courses in collision safety for designers

and other persons involved shouldbe given priority as

measures intended to improve passive safety (SOU,

1994).
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11.3 Transport information systems

The rapid growth in transport information systems may

bring about radical changes in our transport facilities and

our travel habits. We will have access both to new

services and to new technology, which will hopefully

facilitate and improve our communications. Certain

physical journeys may well be replaced by other forms

of communication via computers, text telephony and

video conferencing, etc. There is no doubt, however, that

we will still wish and need to travel physically in the

future. As the expression transport information systems

suggests, what is involved is the exchange of information

relating to transport. It is regrettably true that we largely

lack awareness of how to transmit and receive

information in such a way that it is of genuine use and

meets the receiver s specific needs. The need accordingly

exists for more work to be done in this field, if we are to

be able to ensure that persons with a functional disability

have access to the new opportunities offered by transport

information systems. It is possible to establish at this

early stage, however, that we need to make the

information available and to ensure that the content is

adequate for the needs ofthe users. The implications of

this are discussed brie y below.

First of all, we must ensure that all users have access

to information. This means that the technology must be

simple to use, and that the information mustbe presented

in such a way that the user can understand it. This

imposes requirements on the design of the interface

between user and technology. This means that the

technology must be designed to suit the users. Norman

(1994) expresses this as People (the users) Propose,

Science Studies, Technology Conforms 1.As previously

mentioned, the task ofdriving itself means that the driver

with a spinal cord injury already has his/her hands fully

occupied, and that the risk ofoverloading is considerable

if further systems are introduced at the driver s

environment; these may be of help, admittedly, yet by

requiring attention and operation they also impose

demands on the driver s resources. Let us take one

example. The so called adaptive cruise control system

(see Section 7.5), which will shortly be available as an

option from most vehicle manufacturers, is one example

of the application of transport information systems which

could provide an excellent support system for drivers

with a spinal cord injury. Adaptive cruise control systems

need to be operated by the driver in one way or another.

This is often done with small switches positioned on the

direction indicator lever. Such control devices can be

 

very difficult to use for both paraplegics and tetraplegics

who drive with hand controls. There is a need to search

for other solutions here. The same argument also applies

to other applications for transport information systems,

such as navigation systems and route indication.

An ability to use these support systems is not

sufficient, and they must have an adequate content in

addition. Let us imagine that a route navigation system

is installed in a car as an aid for a driver with a spinal

cord injury. The system must display the best route from

one place to another. Best in this context often means

quickest or cheapest. However, the best route for a driver

with a spinal cord injury may be the route with the

lightest traffic or the route that allows the driver to reach

a suitable parking place easily. It is important, therefore,

for systems and services based on transport information

systems tobe designed so that their content also satisfies

the need for information by functionally disabled users.

It is important, therefore, for functionally disabled

persons to be involved, and to have an input into the

design of transport information systems so that they are

accessible to all, including those with a functional

disability. Perhaps it is these particular users who could

derive greatest benefit from traffic information systems.

We need to have a better understanding of how different

functional disabilities can give rise to different needs for

traffic information, and of how this information is best

made available.

11.4 Financial support

The proposal to increase the car allowance advocated in

the Car Allowance Report of 1994 (SOU, 1994) should

be re-examined. A cost analysis should also be carried

out to establish whether it would be more beneficial for

the economy as a whole to provide financial support for

functionally disabled persons who have the willpower

and circumstances to satisfy their travel needs by driving

themselves, rather than being totally dependent on

special transportation services for disabled persons.

The tendency towards a radical reduction in the level

of contributions to the car allowance may have very

negative consequences for many functionally disabled

persons and their ability to satisfy their transport needs.

This is still an open question, since the car allowance

remains to be investigated. As a part of this investigation,

we should also examine whether the car allowance really

should be administered by the Social Insurance Office.

The question is whether the car allowance should be the

responsibility of the Ministry of Industry Employment

1 People Propose, Science Studies, Technology Conforms , a people-oriented slogan for the twenty-
first century a contrast to the slogan used at the World Fair in Chicago in 1933, Science Finds, Industry
Applies, Man Conforms (see also Norman, 1990).
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and Communications (formerly Department of Transport

and Communication), and should be administered by the

Swedish National Road Administration, not least in view

ofthe overall responsibility put on the Swedish National

Road Administration currently for ensuring that all our

means of transport are accessible to older and

functionally disabled persons. It should be possible in this

way to reduce the number of agencies with which a

functionally disabled person needs to make contact in

matters concerning cars and driving licences. The Social

Insurance Office does not have any natural links with

driving, and yet it is the agency that takes decisions about

the type of adaptation needed by a functionally disabled

driver. Decisions are often taken without actually making

a visit to see how the driver s environment functions for

the functionally disabled person concerned. I feel that the
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arguments in support of transferring responsibility for the

car allowance to the Swedish National Road

Administration can be summarized in the following three

points:

1. A reduction in the number of agencies with which a

functionally disabled person needs to make contact.

2. The Swedish National Road Administration will have

overall responsibility for functionally disabled and old

people.

3. Apart from administering the car allowance, the

Social Insurance Office has no specific links with

driving.

4. The traffic inspectors from the Swedish National

Road Administration are familiar with the

requirements for safe driving.
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