Designing for Users with

Special Needs

Over half of the U.S. population now living will develop some impairment of their
perceptual or motor functions during their lifetime. A product design philosophy
called universal design promotes the development of products that will
accommodate the needs of such users as well as the able population.
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erhaps you have had an experi-
ence simifar to this. Your retired
parents visit your home for a cou-
ple of weeks during the summer,
When they first arrive, vou explain to them
how to operate the electronic thermostat
and the security svstem in the house. But
your mom has trouble pressing the buttons,
and Dad mutters something about “more
trouble than it’s worth.™ During their visit,
you silently catalog the problems. They
have trouble opening the badroom door be-
cause the handle s stiff. The answering ma-
chine has crypticaily labeled buttons and
puzzling features. The space heater has
controls that they have to kneel to read. The
remote control for the television has o
many buttons and features, And there next
to the TV, the VCR is blinking *12:00 . ..
20000012007
In this articie. 1 examine the state of
product design for users with special needs,
older and disabled individuals, and argue
for a product development philosophy
called universal design. The essence of a
universal design approach is this: A product
design that accommaodates hoth the able
population as welt as older individuals with
limitations, so that more people can use the
same product. The justification is making
products more affordable, avoiding limited
production runs of specially adapted prod-
ucts. Moreover. a successful universal de-
sign approach that includes individuals with

special needs seidom creates a barrier for
the majority of users.

Who Are People With Special Needs?
With current trends, over half of the U.S.
population can expect to develop a func-
tional limitation of some of their perceptual
and motor facilities inn older age. Estimates
published by Louis Harris and Associates!
show that the incidence of disability ap-
proximately doubles with each decade of
life, increasing from 7.5 percent for indi-
viduals in their late twenties to 13.4 per-
cent. 23 percent. and a startling 38.5 per-
cent by 53 to 64 years of age. The most
common form of disability among both
voung and older adults is motor unpair-
menl, accounting for about 38 percent of
all those reporting a function limitation.
Sensory impairments, such as vision and
hearing, were estimated at 13 percent. Oth-
er impairments inciuded cognitive disabili-
ties and serious health impairments. such
as heart and respiratory disease. that limited
the ability to function at home or in the
workplace.

Incorporating the practice of universal
desiga is an extension of good human fac-
tors and ergonomics practice, and that be-
gins with anthropometrics. Anthropometry
is the study of the dimensions of humans
and their functional capabilities. The an-
thropometric data that is generally available
measures young people in the military ser-
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vices. and we need to recognize that the el-
derly and people with disabilities are not
well represented in the design literature.

A critical mistake to avoid in any product
design. whether i attempts to serve a spe-
cial needs population or not. 15 designing
to the statistical average. Designing to the
average yields products that are unsuttable
for most people. The alternative. and the
traditional human factors approach, is o
develop a design or a range of designs (as
in apparel such as helmets, shoes. etc.) that
accommodates about 90 te 95 percent of
the population, but this requires that suir-
able anthropometrics data be available or
can be collected. An obvious. though ill-
advised, approach for improving acces-
sibility products is te extend the design to a
larger group, for example, to 98 percent of
the general population, from the first to the
ninety-ninth percentile. The fundamenta
flaw is that this approach, while being more
inclusive, does not account for differences
in moter movements. sensory capabilities,
or perceptual integration. It 18 not just a
matter of degree. For example, reducing
torque and making a control easier to turn
will not help if the control cannot be
grasped at all. A person with vision prob-
lems may not be able to find it, or it may be
too small for someone with a hand disabili-
ty,

Coensider the design of something as sim-
ple as a pencil. For decades. the salient






characteristics were a straight wooden shaft
of & cortain diameter with a graphiie core,
Some variations were present, such as a
round or hexagonal cross-section. It 1s a
one-size-fits-all approach. Everyone uses
the same pencil design. though the refative
size of the hand to the pencil varsies dramat-
jeally. If used for a short duration. the de-
sign is acceptable, but for longer terrn use,
almost everyone will experience fatigue.
Some individuals who have arthritis cannot
begin to use a standard pencil because of
limited hand mobility and associated joint
pair. Modified geometries, available only
in alternative mechanical pencils, have ap-
peared that offer shapes that conform better
to the dimensions of the fingers and have

more compliant surfaces for gripping.
These alternative designs are more comn-
fortable for everyone, and individuals with
arthritis are much betier able to use ther.

ADAPTED WRITING INSTRUMENTS
are suitable for those with impairments of
the hand as well as those who do not have
known impairment vet mast write for long
periods. The principat features are a modi-
fied gripping serface that better aligns with
the natural grip of the fingers and a compli-
ant surface that spreads the pressure points
on the hand.

For example, the development of hand
tools with so-called ergonomic grips may
seemn 1o be just one more gee-whiz feature
1o out-lech the competitor. And for those
with young, strong hands, there may be no
significant benefit for short-ferm use. Buf
what if hand flexibility and grip strength
lessen as we age, or become injured, to 70

ADAPTED GARDEN TOOLS are available
that permit a straighier wrist during use.
This is aiso a benefit for those without hand
impairments because it decreases stress on
the associated tendons and nerves of the
fower arm and wrist.

percent of what it used to be? Or 50 per-
cent? Then the contoured grip. pliable sur-
face. and correct working angle would al-
low using ali of the grip strength one has to
use the tool, rather than wasting hand
strength stabilizing the awkward grip or be-
ing unable to apply sufficient power to the
work. And the person with full capability in
their hand is not hindered in any way by
the betser grip design. In fact, with extended
use of the tool, it will be much more com-
fortable and they will have less cramping
and fatigue from overuse.

In our research with individuals with
arthritis at Honevwell, we have seen many
with hand geometry that is significantly al-
tered because of their arthritis. 'This distor-
tion could pot be accommodated by ex-
tending the original design with another
standard deviation of the normal distribu-
tion. The fact that many physically chal-
lenged individuals arc not represented by
norms for the general population is obvi-
ous for those who have amputated fimbs or
other injuries that restrict their movement.
If we are to include the physically chal-
lenged as potential consumers of everyday
products, we need to understand their phys-
ical and behavioral capabilities in detail.
Olten, all that is available to designers is
personal evidence from individuals or re-
ports based on one or two observations.
This is not encugh. In most cases, where
technical studies have been documented,
they have not been collected and dissemi-
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nated to the jarger community of designers.
Often this information remains within the
medical or rehabilitation specialities, and it
is difficuit for designers to access and inter-
pret this information. Finding out about ac-
tual users is not an easy task and requires
hands-on experience as well as research.
Educating designers about disabilities can
be a very important part of designing ac-
cessible products for the physically chal-
lenged.

The Role of Standards in

Changing Designs

Changes in the design process 1o imple-
ment universal design practices are often
straightforward bul not necessarily easy.
By analogy, we can look at the improve-
ment of access to butldings for those with
mobility impairments and the architectural
modifications that were necessary. Easy-
opening doors, shallow ramps. curb
cutouts, and low curb heights are some of
the many building access features that both
the majority poputation and those with dis-
abilities appreciate.

In the development of improved build-
ing and facility access, standards were e8-
sential. In 1961, ANSI Standard 117.1,
“Specification for Making Buildings and
Facilitics Accessible 1o, and Usable by, the
Physically Handicapped,” provided the per-
formance standard along with general rec-
ommendations that were refercnced in the
subseguent legistative action. Its publica-
tion was followed by critical legislative
mandates and governmental support. Leg-
islative actions such as Public Law 90-480,
the Architectural Barriers Act of 1968;
Public Law 93-112, the Rehabilitation Act
of 1973 and Section 504 of the Rehabilita-
tion Act of 1973 were instrumental in open-
ing buildings o people with disabilities.
Other factors, such as the support of the ar-
chitectural profession and the highly
planned and organized pature of large con-
seruciion projects, also served to promote
the adoption of architectural accessibiity.
The standards that are now in place allow
architects and consiruction firms to create
buildings and facilities that accommodate
many disabled users. This success arguably
would not have happened without either the
publication of standards or the legislative
pressure. The problem of access 1o and use
of products in the home and office has sim-



ilaritics 1o the problem of access w build-
ings—after ail, for the most part, the people

who need assistance are the same.

Yet there are some important differences.
People with disabilities generally face a lo-
comation problem moving within a build-
ing. Other tasks, such as seeing obstacles,
handles, or doorways, asking lor and hear-
ing directions. and remembering or chang-
ing routes, are also nmportant, but they are
secondary to the act of actually moving
within the building. This is in contrast o
functioning in the home or office setting.
In the home. locomotion is secondary o
reading, listening, and manipulating. The
dominant tasks involve the hands, eves,
volce, or cognitive capabilities,

Office work or home activities require
handling information, not just moving
about. Therefore, we need to develop ap-
propriate and useful standards that will help
designers implement universal design for
consumer products for the home and office.
With the support of new federal legislation
in this area, the Americans with Disabilitics
Act, Public Law [01-336, there is impetus
for action. However, the standards are not
in place as they were with architectural ac-
cessibility. Companics and designers need
additional direction and guidance to create
products that match the varied disabled
populations.

General Universal Design Principles
Although standards for universal design aie
not in place, many of the same general prin-
ciples that guide a traditional human fac-
tors evaluation or design apply to universa
design, with some important supplementary
principles. Stretching out i design to in-
clude people with special needs will require
improvements in basic human factors. Fun-
damental human factors considerations that
should be part of any design effort include
optimizing the contrast, size. feedback, tac-
tile feel, identification. and differentiation
of controls, physical size, brightness, and
installation position. Generaily, what is re-
quired are larger controls, better enginecred
nonrestrictive movements, larger displays
with excellent contrast, larger text, and
buili-in adjustability, so that the user can fit
the product to themselves.

The fact is that many consumer products
fall short in these critical areas because of
econony, styling, or expediency. When im-

plementing unjversal design, these basic
considerations become all the more impor-
tant. For example, small controls may not
be usable by peopie with vision and motor
disabiities, but larger controls can be used
by everyone.

Universal design also benefits from re-
dunduncy in information channels. For ex-
ample, by using both a light and a tone (o
signal an event. more people will receive
the intended feedback. individuals with
hearing disabilitics will use the visual feed-
back of the light. For those with adequate
hearing but poor vision, the tone is avail-
able. By mciuding both in the design, the
range of people who can use the product is
dramatically improved,

For the foresecable future, creative de-
sign will be an essential element in suc-
cessful universal design., and creative solu-
tions cannot, by definition. be captured and
codified. At this point, we are definitely in
an exploralory stage in which new solutions
are being tested by designers, and there are
more differences than similarities vis-i-vis
the universal design approach between oth-
erwise well-designed products. As we gain
more experience in universal design, an
evolutionary process of success and failure
in the marketplace will undoubiediy im-
prove general universal desiga principles.
Atfirst, it may not be clear that a product is
suitable for an individual with special

needs., because he or she has repeatedly had
unsatisfactory experiences with conven-
tiopal products. The process of standardiza-
tion will help wsers learn to look tor and
recognize features such as adjustability and
configuration and make these produces
more approachable.

Honreywell’s Human Factors
Giuidelines and Research Efforts

At the Honeywell Technology Center in
Minneapolis, we have direcied a project on
Technologies for the Disabled for several
years. A volunteer group since our incep-
tion, we have worked to bring technology
solutions to individoals with handicaps,
Buring the first year, we undertook two
goals: a set of hurman lactors design guide-
lines for products for people with disabifi-
ties and & communication protocol that
would allow remote control of home de-
vices. These projects were selected because
they had the potential for helping the largest
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number of individuals and were not target-
ed at a single group. We completed the
guidelines and demonstrated the protocol
after the first year of work, and have con-
tinued to edit and supplement the guideline
document since then.

Our purpose in writing and distributing
the human factors design guidelines was
education: information for designers abouwt
the capabilities of individuals with physical
challenges and potential design sofutions to
accommodate both their disabilities and ca-
pabilities. The areas the guidelines cover
are display selection and performance. la-
beling, and control selection. Additional
sections on integrating these compopents
are still pending; however, we have added
capsule descriptions of disabilities that at-
fect product use as well as research data de-
seribing the capabilities of the special needs
population. in the leng term, we intend to
continue reviging the guidelines document
as more mlormation becomes avajlable.

Our modest research program to support
guideline development specialized in the
capabilities of groups of individuals who
are challenged by arthritis, spinal cord in-
Jury. and muitiple sclerosis that decreases
their hand flexibility and strength, We have
done basic research on rotary control de-
sign, looking at the effects of knob shape,
size, and surlace texture. Generally, we
found a relationship between turnmg ability
(torque} and pinch strength and the relative
efficacy of farger rotary knobs, The data
documented the decrease in functional abil-
ity with arthritis—individuals with arthritis
had as fittle as half the ability to turn a knob
as individuals of the same age in the con-
tref group. Interestingly. individuals with
arthritis had an especially difficult time
with the smali rotary controls commonly
used for adjustments in some home elec-
tronics, such as televisions. Larger knobs
with serrated edges narrowed the gap be-
tween the experimental and control group,
but knobs with a stiff action will always be
difficuit for those with arthrits, Later re-
scarch in our lab showed the efficacy of
broader knobs with flattened surfaces for
people with limited hand strength that
could serve well on appliances and other
home products. This arca requires more
testing with a wider range of control types.
We are especially interested in lfaunching a
new series of tests with membrane key-



EASY-TO-SEE AND EASY-TO-USE thermostats are modifications of the Heneywell
“Round” manual thermostat. The Easy-to-See thermostat has larger lettering and raised
features so that it can be adjusted by those with visual impairments. The recently introduced
Easy-to-Use accessory accommodates individuals with difficulties in gripping the adjustment
ring and is designed so thal the user can maniputate the thermostat with the patm or the side
of the hand.

boards and related control technologies that
are generally believed to cause problems
for individuals with both hand and vision
problems because of inadeqguate feedback,
The communication protocol, Public Ac-
cess Protocol, was a success in testing, al-
though we have not implemented it in a
real-world setting. Parallel developments in
other home communication networks may
provide the same functionality and allow
us to test one of the original concepts: con-
trol of all devices in the home environment
from a single universal remote control.

Honeywell Home Products
for People with Special Needs
About five years ago, Honeywell devel-
oped a thermostat for those with visual im-
pairments, It was, a custom modification of
a standard manual thermostat, the T87. The
standard bezel was replaced by a cover with
large numerals to indicate the setting. The
numerals are raised so that they can be felt
with the fingertips. The thermostat also has
detents that allow one to count up or down
1o the desired setting. There is an aspect of
universal design in the product, because it
doesn’t restrict users without visual impair-
ments. It is currently marketed as the Basy-
to-See T87F manual thermostat,

More recently, designers at Home and
Building Control developed several acces-

sories for a manual thermostat that helped
individuals with manual dexterity prob-
lems. We completed a usability test of these
prototypes with people with arthritis and
muitiple scleresis, some in wheelchairs.
Both thermostlals were easy to use, as
Judged by many of our testers. But a proto-
type with a handle to turn the knob was
judged to be unattractive and “adapted,”
while another prototype with good func-
tionality but even befter appearance was
judged to be more neutral in appearance,
because it didn’t look as il it was built for
those with disabilities. This experience
helped direet our own thinking toward uni-
versal design. The soon-to-be available
thermostat accessory, dubbed “Easy-to-
Ese,” 1s attractive, functional, and broad-
ens the population of people who can use
the product.

Security Panels

Honeywell has also developed moditica-
tions (o home security control panels for m-
dividuals with special needs. These modi-
fied puanels bave enhanced graphics, larger
hurtons, and touch feedback, with added vi-
sual and enhanced sound feedback. They
are designed to help people with limitations
of the hand, vision, or hearing use the secu-
rity system. While the appearance of the
product is not dramatically changed, the
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feedback to date is that the puanels would
be suitable for any home and are another
example of how reatively small improve-
ments can yield a more universal design.

Future Technologies

New technologies may help Honeywell
serve individuals with special needs and
promote universal design. Speech recogni-
tion technology has significantly improved
during the last decade, and machine speech
can have very good intelligibility. We know
that individuals with inpaired vision could
use products that can be controlled by
voice. For those with adequate vision,
speech can stifl be usetul to access infor-
mation when outside the house, while do
ing other tasks. kt also can remove some of
the apparent complexity. because the num-
ber of buttons could be reduced. Another
improverment would be a talking manual
that could never be lost and takes up no
space on the product. This would serve

A MODIFIED TOTALHOME™ gecurity
panel uses larger keys, larger lettering,
louder anditory fones, and color-coded
function buttons to enhance the usability of
this home system.



both those with impaired vision and nor-
mal vision. We must recognize, however,
that we cannot reduce the visual compo-
nent without impairing the use by the deaf
and those with significant hearing loss.
Individuals who cannot use a universal
design solution because of severe motor
disabilities could use their existing commu-
nication devices, often a computer with a
customized vser interface, to operate prod-
ucts in the home, such as the telephone,
thermostat, lights, and sccurity. The key
technology is communication and standard-
ization ol the communication protocols to
alfow this. A standard remote control de-
vice could also be developed that allowed
individuals in wheelchairs with good hand
contirol to operate the same devices.

Conclusion

Technology can be the solution as well as
the problem in the design of useful and vs-
able consumer products, With today’s tech-
nology in our kitchens, bathrooms, bed-
rooms, automobiles, and offices, 1t 15 diffi-
cult to imagine our Hves without electronic
controls and advanced communication. Yet
when technology was simpler, it was easier,
in many cases, to adapt to the limitations of

age or disability, sticky faucets notwith-
standing. While modem devices such as the
telephone make it easier for those with mo-
bility limitations to communicate, they also
impose barriers for those with vision, hear-
ing, and hand limitations. Innovations like
the telefax offer new possibilities for those
with speech problems, but one still has o
manipulate the complex consrols on the fax
machine, let alone write down something
to send. Whiie technology can offer help
for those with special needs, it often tends
1o murow the mformation bandwidth by se-
lecting only one communication modality
{speech or text) and thereby reduces the re-
dundancy in information eoding,
Universal design solutions can heip by
restoring redundancy and broadening the
pepulaton of users for standard products.
Yet universal design concepts are in a tran-
sitional phase, and moving from cus-
tomized designs toward universal design
for special needs populations will be slow
at first. Universal design is the best long-
term solution, but this approach needs ej-
ther success in the marketplace or legisla-
tive mandate, and the science is not in place
0 support legislative action. As the popu-
lation demographics shift and the number
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of older consumers increases, the econom-
ics of universal design may be very
straightforward. Products that are hard te
use by older consumers will not sell, and
products that help us bridge their functional
limitations will take their place. A transition
to universal design in this manner has the
potential for being more permanent and
beneficial than through legislation. Yet
companies need to begin now to anticipate
new consumers with special needs, or they
will be caught short as the baby boomer
generation meets with the joys and difficul-
ties of life after 40,
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