DOCUMENT RESUME

ED 297 503 EC 210 354
AUTHOR Lee, Charles C.; And Others
TITLE Trace Authored Papers from the Annual Conference on

Rehabilit=ation Technology (10th, San Jose,
California, 1987).

INSTITUTION Wisconsin Univ., Madison. Trace Center.

SPONS AGENCY National Inst. on Disability and Rehabilitat<on
Research (ED/0SERS), HWashington, DC.

PUB DATE 87
GRANT G0083C0020
NOTE 16p.; A product of the Trace Research and Development

Center on Communication, Control, and Computer Access
for Handicapped Individuals. Small print may affect
readability.

AVAILABLE FROM Trace Center, University of Wisconsin~Madison,
Waisman Center, 1500 Highland Ave., Madison, WI
53705-2280.

PUB TYPE Collected Works - Conference Proceedings (021) --
Reports - Descriptive (141)

EDRS PRICE MFO01l/PC0l Plus Postage.

DESCRIPTORS ¥XAccessibility (for Disabled); Assistive Devices (for
Disabled); Computer Terminals; XDisabilities;
Electromechanical Technology; %Input OQutput Devices;
Intervention; Keyboarding (Data Entry);
¥XMicrocomputers; Needs Assessment; XOccupationzl
Therapy; *Performance Factors; Program Effectiveness;
Vocational Rehabilitation

ABSTRACT

Three conference papers on rehabilitation technology,
authored by staff members of the Trace Research and Development
Center, form this collection. The first, "Keyboard Equivalent for
Mouse Input™ by Charles Lee and Gregg Vanderheiden, describes
implementation of a keyboard mouse input device using the numeric
keypad. The paper discusses experimentation with such features as
smooth point motion, single pixel motion, and adjustable speed and
acceleration of the pointer. The second paper, "Using the
Occupational Therapy Comprehensive Functional Assessment (0TCFA) To
Evaluate the Efficacy of Technological Intervention in
Rehabilitation®™ by Roger Smith, reviews the historical development of
rehabilitation assessments. It describes the introduction of a tool
to integrate various aspects of functional assessment and provide a
standard, comprehensive method for assessing the overall performance
of an individual, including the technological equipment and
environmental factors contributing to performance. The final paper,
"Features To Increase the Accessibility of Computers by Persons with
Disabilities: Report from the Industry/Government Task Force" by
Gregg Vanderheiden, Charles Lee, and Lawrence Scadden, discusses the
Task Force's efforts to identify difficulties faced by disabled
persons in the use of standard computers, possibkle approaches for
reducing the difficulties, and current microcompute:* features which
facilitate use by disabled persons. (JDD)
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ABSTRACT

Operation of a computer and application software 1s be-
coming dependent on the ability to use a mouse. This makes
it impossible for many disabled individuals to use these com-
puters. A possible solution is to provide a keyboard equi-
valent for mouse input. This is a reasonable approach since
there are already many ways for the disabled individual to
usc a keyboard or emulate keyboard input. However, 1t is
not enough nor always casy to accomplish the technical as-
pects of this task. Human factors engineering approaches
must be used to make the keyboard emulation of the mouse
as intuitive and as casy to use as possible, and future oper-
ating systems need to be designed to make implementation
of this solution feasible.

INTRODUCTION

There 1s clear distinction between the purpose of the
physical mouse on the table top and the purpose of the
pointer on the screen. The mouse is a device used by the
operating system to move a pointer on the screen and to
provide certain events (button down/up, clicks) as input to
programs. Programs are interested in the position and mo-
tion of the ponter when other actions occur, and not the
exact position or motion of the mouse.

This distinction is very important since we are trying to
emulate the types of information a program expects from
the use ¢f a mouse. and not the physical mouse. If we try to
emulate the physical mouse, we arc two steps removed from
what the program wants.

RESULTS

We found that implementation of a keyboard mousc
(Mousec Keys) should use the numeric keypad for two
rcasons.

1) itallows other keys (including cursor keys) to remain

active while using Mouse Keys,
2) and it provides intuitive directional ke layout

We also discovered that there should be tae following
features:

1) smooth motion of the pointer,

2) single pixel motion by tapping the keys,

3) slow constant acccleration of the panter up to a
maximum speed when the keys are held down,

4) adjustable maximum speced and acceicration,

5) lower maximum speeds for indivicduals with slower
key release times,

6) single click and button down and up functions

We also discovered the following:

1) the velocity 1n the diagonal directions does not have
to be the same as in the orthogonal dircctions but can
be made up of the vertical and honzontal
components,

2) atis uscful to have hyper screer. and window motion
modes,

3) itas uscful to have double, and triple click functions,

4) and it 1s useful to have an adjustable imual step

KEYBOARD EQUIVALENT FOR MOUSE INPUT

Charles C. Lee
Gregg C. Vanderheiden
Trace R&D Certer, Waisman Center

DISCUSSION

als of 2 design

The goals of a good design are 1) to provide the same in-
formation that the mouse provides to the programs, namely
pointer position and motion, and button events and 2) to
provide a good human-machine interface.

Which keys to use

The two consideration in determining which keys to use
are 1) which keys provide the most intwitive interface to
moving the pointer around the screen and 2) which keys are
duplicated by others so that with Mouse Keys enabled, the
user can still operate the software.

The numeric keypad is a very good choice since the key
layout provides an intuttive set of keys for moving the
pointer in eight direction, and most of the numeric keypad
keys are duplicated by other keys on the keyboard.

Enabling mouse keys
The method for cnabling Mouse Keys needs to satisfy the
following guidelines:
1) no other program should expect the same sequence of
keystrokes,

2) and getting out must be logically related to getting 1n.

For instance, on an IBM PC, if an "alt-m” (alt-mouse)
cnables Mouse Keys then "alt-k” (alt-keyboard) should disable
Mouse Keys. If "ctl-alt-numlock” 1s used for enabling then
just a "numlock” or another "ctl-alt-numlock” should be used
for disabling. On a Macintosh, a command-shift-clear might
be used. The danger of using the exact same key
combination to =nable and disable 15 that 1t can get very
confusing. It 1s \Nen difficult to determine 1f Mouse Keys s

cnabled or disabled unless there 1s some yndication of the
state.

m v inter motion

The pointer 1s meant to represent a physical object on
the screen and physical objects move 1n a smooth and con-
tinuous fashion. Jumpy motion of the pointer 1s therefore
undesirable since it makes the relation of the pointer to the
desired motion less tntustive. The motion of the ponter
using Mousc Keys should maintain this characterisic. A
smooth moving pointer also gives immediate visual feedback
as to the position, velocity and acceleration of the pointer so
accurate prediction of its location upon release of the keys is
casier to make.

The keyboard 1s a discrete event device, so the most
natural way to implement pointer motion using the keyboard
15 to move the mouse every time there 1s a key, or a key-
repeat. This would produce a smooth motion if the pointer
moved only a few pixels per key. However, with this method
1t would take a long tume to move across the screen for users
with a slow key repeat rate

A good way to get around this problem is to use the 1ni-
tial down stroke of the key to move the ponter one pixcl
(thus always giving very accurate control) and as soon as th =
key starts to autorcpeat, the pointer should start moving in a
smooth motson, first slowly and then faster until it reaches a
maximum speed. As soon as the key 1s released, the cursor
should stop. The reason 1t should start off slow and then get
faster 15 duc to the fact that the amount of time 1t takes a
person to recognize the cursor 1s moving and then relcase
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the finger is not instantaneou
maximum speed then 1t 1s ver
a short distance.

Use of the auto repeat feature

The key repeat delay 1s the ume after the press of a key
before the auto repeat starts. It will be assumed that an
individual adjusts (1f possible) the Delay so that the he/she
can consistently and easily press and rclease a key and get
only only one character each ume.

The key repeat interval 1s the ume between the auto
repeat of the k2ys. It 1s assumed that the repeat interval 1s
adjusted so that the individual when trying to get a certain
number of characters using the auto repeat will consistently
get within one of the desired number. This means that they
are able to position the cursor within three repeat interval
values. We will assume that the consistency of
accomplishing this is 99.7%. This means that 99.7% of the
attempts will produce results that fall within three standard
deviations (based upon the theory of normal distribution).

. [
y difficult to move

inati axj inter mot:on

The maximum speed of the pointer 1s very dependent on
the physical ability of the user. In determining the maxi-
mum rate of speed the key repeat rate must be taken into
account. If the repeat interval is 0.1 seconds (1.e. 10 characters
per sccond) and the pointer is moving at 100 pixels per
second, then the user 1s able to accurately release the key
within 03 scconds 99.7% of the time, thus placing the pointer
within +/- 15 pixels. If an accuracy of +/- 5 pixels 15 desired.
then the maximum speed must be set to 33 pixels per second

This was confirmed by exper .nentation which 1s sum-
marized 1n Table L Although there seem to be some 1n-
consistencics with the theory, they can be explained as fol-
lows Subject 2 showed poor correlation due to the fact that
when setting the repeat interval, the next faster speed (4/60
sec) was not selected since 1t was just a hittle too fast. Subject
4 showed high positive average error duc to the nability to
predict the motion of the pointer. The subject would not at-
tempt to release the key until after seesng the pointer at the
target. Subject 5 showed poor correlation since the computer
could not have the repeat interval sct any slower than 12/60
second without going to an incredibly sfow rate (144/60 sc-
cond} Subject 7 showed poor correlation due to a problem
with maintaining concentration 1n the task. The subject
several imes forgot to release the key because the subject's
inattentivencss. This s shown in the high positve average
crror.

‘These results indicate that the ability to use Mouse Keys
at the maximum specd depend not only on the consistency
and speed of the physical release time of the key but also on
the individual’s reaction time and motion prediction abihity

In dctermining the desired placement accuracy, a smatl
cnough valuc should be chosen to meet the nominal required
accuracy of the placement of the pointer by the system or

appitcauon soitware, which tends to be between three and
five pixels. Requiring that six standard deviations of consis-
tency be used 1s based upon the fact that individuals get
easily and quickly fatigued 1n using pointing devices if they
constantly over- or under-shoot the desired location on the
first attempt and have to try again. Therefore. acct-acy of
placement of the pointer on the first attempt should always
prevail over the desire to move the pointer quickly ove' long
distances

Determination of panter acceleration

There are two simpic ways of implementng acccleration
of the pointer constant and hincar acceleration.

We discovercd that a constant acceleration approach
works the best since 1t 1s the most famihar and thus induces
less cognitive load. In the task of cstimating the tme of ar-
rival of an accelerating objcct. pecople are most famihar with
the motion of objects in the air. Objects moving in the air
are subjcct to constant acccleration (gravity) and so we are
very accustomed ‘o estimating the arrival of an object
(baseball) to 2 point (the mitt) when the objcct has constant
acceleration. Constant acceleration also provides sufficient
gradaton of motion from 1mitial to final velocity 1o provide
accurate placement of the pornter to close distances

We discovered that the critical factor 1n dectermining the
acceleration was rairly independent of the individual’s speed
at using the keyboard. Most individuals preferred the ume 1t
took for the pointer to reach the maximum speed to be
somewhere between 3 and 4 seconds The limiting factor de-
pends on how quickly and comfortably the mind can
accurately predict an accelecrating object’s location

Directiona}l dependencies

Although there were some differences n the accuracy
and standard deviation 1n the different directions for cach
user (sce T'able 2), there were no clear patterns nor anv con-
sistency (e.g subject 5 was abic to move 1o the right more ac-
curately than to the left, but subjects 3 and 6 were not able)
Therefore 1t does not scem appropriate to have an mm-
plementation of Mouse Keys allow for vanation 1n maxi-
mum spced and aceeleration depending on the direction of
motion.

Uniform speed in all directions versus in orthogonat directions

At first 1t was thought that the ponter should move at
the cxact same speea n all dircctions even though from an
mmplementation standpoint at 1s casier to maintain the same
speed 1n just the orthogonal directions and let the diagonal
dircctions be faster by 41 (square root of 2). Howcv}:r. we
found that even though a uniform velocty tends to allow
morc accurate placement 1n the dizgonal directions, the ac-
curacy of placement with non-uniform speed in the diaconal
dircctions was no worse than 5 the orthogonal directions
(see Table 3). This 1s because the maximum speed 1s opti-
mized for *he orthogenat dsrections and the crror 1s based on

Key Repeat  Key Repeat Maximum
Subject Detay Int2rval Speed

Average Predicted New
Error  Standard Standard Error Recaiculated
o {1/60 sec) (1760 sec) (pix/sec) (pixels) Deviation Dewviation KeyRepThrash

' 16 2 180
2 16 8 40
3 24 12 30
H 24 12 30
3 24 12 25
5 40 12 20
- 40 1 20

041 2 86 300 47 191
017 170 267 -363 51
048 2 81 300 53 1124
236 308 300 27 12 32
230 2 28 250 192 14 30
171 2 30 200 159 13 80
475 2 66 200 1330 15 65

Table 1
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Up Down

Left R:ght

Average Average Average
Subject| Error | Standard | Error | Standard | Error
No  |{pixels) [Dewiation | (pixels) |Deviation (p1xels)

Average
Standard Error | Standard
Dewiation | (pixels) |Deviation

1 0.51 2.13 1.45 2.43 0.43 2.17 034 302
3 1.00 2.90 * * -0.33 3.56 0.67 367
5 2.00 195 1.08 2.71 1.75 1.82 004 297
6 2.00 2.53 1.00 1.10 117 412 1.75 2.96
Table 2 Non.
pixels 1n the orthogonal directions ather than distance in Uniform Unmiform
the diagonal direction Average Average
. - . Subject Error | Standard Error | Standard
Qptional initial step motions
It was assumed that all users are able to use the auto re- No (pixals) | Deviation (pixels) | Deviation
peat feature. However, this might not always be the case. If
the auto repeat feature 1s off, Mouse Keys should allow the 1 0.31 1.66 0.49 2.74
imtial step to be adjusted to values other than one. This way. 3 -0.50 226 0.56 1.81
the user who is not able to use the auto repeat (due to very 5 0.50 2.72 0.17 .24
slow release imes and erratic release times) and has disabled 6 -0.58 284 2.50 1.78
1t, can move quickly across the screen by setting the 1pitial
jurmp to five or ten pixels per key press. This feature also
lets all users make accurate long movements without having Table 3

to tap the key many umes For example. to move exactly 100
pixcls to the night, normally one would tap the 6" key 100
times. But if the initial ump were set to 10, then one would
need to tap the.key only 10 umes. The initial step could be
set by first typing the “sct key” and then one of the number
keys with 0" being equal to 10.

Hyper modes

After use of Mouse Keys. 1t was found that two modes
called screen-hyper and window-hyper function would be
very helpful The screen-hyper function allows the pointer
to jump to the center, or near to the edges or corners of the
screen A simple way to provide this 1s to have a screen-
hyper key which when pressed before a direction kev, makes
the pointer jump to the edge of the screen 1n the relative
directions or to the middle of the screen if the "S5 key on the
numeric keypad was pressed. This would be very useful to
quickly move around on the screen. If the computer system
has menu bars at ti.. «op of the screen the screen-hyper
function makes 1t very casy to get to the menu bar. The
window-hyper function 1s 1dentical to the screen-hyper
function except that the pointer would jump relative to the
current window under the pointer  Again, if there are signi-
ficant areas near the cdge of the window (cg. tatle bar, close
box, scroll bars, size box, zoom box, ctc.) then this feature
makes 1t very easy to quickly move 1o those locatons.

Difficulties in implementation
The following hst of features of un opcrating system that
would greatly facthitate implementation of Mouse Keys 1s
based on our expenience trying to implement Mouse Keys on
the IBM to work with Microsoft Word and Windows using
Microsoft's serial mouse, and on the Macintosh computer
1) There should be a well deftned way to hook 1nto
keyboard cvents and to inhibit or pass them on.
From this hook. 1t should be posstble to have access
1o the full computer (1c. the keyboard hook should
not be at interrupt time). This hook should be carly
cnough 1n the chain to be able to distingwish as manv
keys as possible and before the key 1s passed to the
operating system and application program
2) There should also be a way to hook into the real
fmouse nput (again not at interrupt time) 1a order to
“OR" button information with mouse key buttons or

to inhibit real mouse information all together.

3) There should be a defined way to nject muitiple
mouse events {(motion and button action) and to sct
the position to absolute or relative position on the
screen.

4) The routines that draw the pointer should not occur
at mousc interrupt ime but after the translation of
MousC MONONS 1IN0 PoINter positions

5) There should aiso be a mechamsm to get CPU ume
intermittently, preferably every vertical retrace of the
screen, 1n order to create a smooth moving pointer.

6) The mouse and Mouse Key routines should be able to
work from the same pointer position so that etther of
them can move the po:nter at the same time or
alternately.

CONCLUSION

Mouse and graphical bascd computer systems are praiscd
for therr case of usc and intuitiveness These bencefits should
not be limited to only thosc that can use the physical mouse
The Mouse Key s~lution can be casily implemented on
future computers with some fore thougnt 1n the design of the
computer’s operating system,

Charles C. Lee

Trace R&D Center
S-15! Warsman Center
1500 Highland Avenue
Madison, W1 53705

This work was supported 1n part by Grant G 008300045 from
the Nattonal Institute of Dysabinty and Rehabthtation
Research (NIDRR)
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USING THE OCCUPATIONAL THERAPY

COMPREHENSIVE FUNCTIONAL ASSESSMENT (OTCFA)
TO EVALUATE THE EFFICACY OF

TECHNGILOGIC.

Roger O. Smith

INTERVENTION IN REHABILITATION

Trace R&D Center, and School of Allied Health Professions:
Unuversity of Wisconsin-Madison

ABSTRACT

Functional assessment in rehabilitation medicine and in
rehabilitation technology has received vital research and
development attention in the last few years. In the early 1980s,
NIDRR supported the pnority of quantitative assessment, and
rehabilitation engineering centers and agencies have since
produced assessment technologies (including Tufts REC, CP
Research Foundation of Kansas, Assistive Device Center in
California, Dallas Rehabilitation Foundation, MIT REC,
University of Minnesota REC, Words+). Additionally, teacking
and resource textbooks have been developed foc''sed on the area
of functional assessment spexific to rehabilitatica (Bolton & Cook,
1980; Halpern & Fuhrer, 1984; Granger & Gresham, 1984). The
excellent rationale behind this recent attention to functiona!
assessment is rooted in the need f r making clear, concise, expe-
dient and accurate decisions in the health care service delivery
system. It is acknowledged that without the ability to implement
assessment instruments with documented reliability and validity,
the profession can only rely on intuition, personal experience, and
individual clinical judgement for making decisions. As with most
of the disciplines in rehabilitation, the field of rehabilitation
technology has traditionally assessed its efficacy in a less than
organized and consistent manner.

In the early 1970s, the American Occupational Therapy
Association acknowledged the significant inconsistency and splin-
tered approach of assessment in occupational therapy. At that
time, they began sponsoring research to evaluate the significance
of the problem, implement some strategies to assure a better
continuity of evaluation between service delivery settings, and
institute a more comprehensive approach for evaluating the
efficacy of therapeutic intervention. The most recent step in the
development of a better comprehensive performance evaluation
for ocer'pational therapists has been the formulation of the
constructs and content in the Occupational Therapy
Comprehensive Functional Assessment (OTCFA). The
significance of the OTCFA to rehabulitation technology is that it
provides a method for documenting the efficacy of technological
intervention.

REHABILITATION TECHNOLOGY AND ASSESSMENT

Technology and assessment inter-relate in two primary ways.
First, assessment methodology in rehabilitation is frequently de-
pendent on technoiogy to perform the acquisition of accuraie and
cost-effective measures. For example, in the measurement of grip
strength, more than nine different brands of dynamometers have
provided an objective method of measuring grip strength and are
being uszd in rehabilitation clinics. Without the technological con-
tribution of the dynamometer, gnp strength would continue to be
measured with inaccurate procedures (Smith and Benge, 1985).
The second major relationship between technology and assessment
deals with the fabncation and implementation of technological de-
vices, systems, and adaptations as therapeuticinterventions. As
technology is used in service delivery, it is becoming more and
more cntical that we understand and document the true efficacy of
providing the technology.

Much of quantitative assessment cmphasis in recent years has
been toward the first type of technology and assessment interac-
tion. A review of the research and development progress reports

in the 1986 Veterans Administration Rehabilitation R&I) Progress
Reports highlights work in physiological monitoring devices,
physiological surveillance equipment, computer automated
systems for functional assessment, etc. These are all examples of
the first interaction between technology and assessmen.

Research documenting the efficacy of using various
technological interventions in the field of rehabilitation 1s morce
rare. Part of the history behind this is that technology tends to
have a high face validity, ana it is easily recognizable for its
potential. Therefore, a systematic, quantitative, scientific measurc
of its effectiveness has not seemed to be necessary. Also, cmphasis
in the area of rehabilitation technology has been in research and
development of new technologies as opposed to assessing the clini-
cal utilization of the potential technological interventions. This
phenomenon is certainly not confined to the area of rehabilitation
technology; virtually all of the health care related service delivery
disciplines can describe the same scenario. This need has
prompted statements about functional assessment being a new
specialty within the rehabilitation field (Granger & Gresham,
1984).

Historical and recent work in the area of rehabilitation
assessment has produced countless numbers of instruments and
approaches for assessing the outcomes of rehabilitation
interventions. One of the problems assessments have always
encountered is their limitations in scope. This results in
constraining the application of the instruments to particular
situations and prevents using existing instruments as a
comprehensive and common measure for assessing, correlating
and comparing. Basically, these assessments are limited by their
construct and content scope in: three ways.

Many assessments are limited by the population for which
they were developed. For example, there is a handful of functional
assessments developed specifically for use with the population of
individuals who have had a stroke (Ottenbacher, 1980). Assess-
ments in fact have a tendency to be categorized by the populations
with which they are intended to be used (<se Granger & Gresham,
1984).

The second way assessments tend to be limited in scope is by
the setting in which they were introduced. Many assessments arc
developed particular to the type of health cave service that is pro-
vided within the organization. An example f this imitation 1s the
instruments which focus on long-term care and lean toward a
gerontological orientation (Pfeiffer, 1978). Other examples are
scales that were made particularly for acute care (Dubowitz 1981)
and a recent example, due to its focus in acute rehabilitation, is
the FIMS (Functional Independence Measures) (Granger, Hanul-
ton & Sherwin, 1986). The third way functional assessments are
limited in scope is through the functional area they assess. There
arc many evaluations, for example, that focus specifically on hand
function (Mathiowelz ct al., 1985, and Jebsen et al., 1969) Other
texts, such as the Barthel (1955), Katz ct al. (1963), and Klein-Bell
(1982) are examples of functional assessments that are limited to
basic sclf-care skills.

These three functional assessment limstations highlight the
difficulty in selecting any particular evaluation tool for assessing a
technological intervention. For example, if one werc interested 1n
asscssing tiie contribution an automatic page turner has on the
overall function of an individual, one would be hard-pressed to lo-
cate an adequate assessment that would really describe the impact
of introducing this prece of technology to an indwidual's hfe. 1he
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Occupational Therapy Comprehensive Functional Assessment
(OTCFA) was conceptualized specifically to integrate the various
aspects of functional assessment and provide a standard, generic
and comprehensive method for asesssing the overs!! performance
of an individual, including the technological equipment and envi-
ronmental factors which contribute to performance.

THE OTCFA

The OTCFA is currently in the middle of its development.
The past year and a half has focused on developing a sound
construct and content for the assessment. Occupational therapists
throughout the country, representing all the service delivery areas
of occupational therapy, have been intimately involved in providing
discus-‘on and feedback to the project team. Consequently, the
carly phases of the OTCFA development have been very iterative,
with discussion of concepts, terminology and general organization,
and multiple revision phases of the OTCFA instrument. Tae
belief is that without a solid construct and content foundation for
the instrument, application would be extremely limited.

The overall conceptualization is a hierarchical model of
functional performance. There are four levels, with a second
dimension being the environment (see Figure 1). This model is
unique in that it integrates high level activity functions such as
basic self-care activities, home-making activities, vocational and
avccational with the skills necessary to adequately perform the
activities, with the component abilities (which provid= the basic
elements to achieve the skills necessary to perform the activities).
The environment is viewed as a second dimension as opposed to
simply categories within the performance areas, because all social,
cultural and physical environmental factors do not stand alone, but
directly affect performance on the higher level activities, the next
level integrated skills, and the lowest level component abilities.

As of June 1987, the full scale OTCFA includes five levels,
fourteen major areas, and 117 detailed categories of function.
Specific examples on the activity level include dressing, eating,
reading, wnting, community mobility, and household repair.
Examples of the categories on the skill level include fine
coordination, gross coordination, and specific problem solving
skills, such as identifying that there 1s a problem. Examples on the
component fevel include muscle strength, passive range of motion,
pain, visual acuity, and tactile sensation. Examples of the
categories of the environment include financial resources, medical
resources, transportation resources, orthotics, and adaptive
equipment.

While the implications of the OTCFA in the area of
rehabilitation technology are many, two are key here. First, the
OTCFA is able to point out the exact contribution that a
technological device is making to a person’s overall performance.
Some types of devices, for example, certain types of hand and wrist
splints, do nothing to contribute directly to performance in activity
but may stabilize a joint or joints which permits a higher level set
of skills in hand function, and contribute to an increased
performance of many activities. On the other hand, a panticular
adaptive device such as a rocker knife permts an individual to use
one hand for primarily one activity, that being eating. This low
technological device does not generalize to other areas of
performance. It becomes an activity-devoted device.

Asecond implication of the OTCFA in regard to rehabili-
tation techrology assessment is its sensitivity. Sensitivity 1n
functional assessments can be obtained in two methods. Onc is to
take any category of furction and break it down into a finely
graded scale. For example, a tcam functional assessment in
California breaks down every category of impairment into 100
points. This successfully increases the sensitivity of the scale, and
can document very small changes in the particular functional
domain. Another method of increasing sensitivity, which more
casily retains high reliability, is to increase the number of
categones that are being considered. The Klein-Bell ADL scaie
(Klen & Bell, 1982)) is an example of this method to increase

sensitivity. Their scale focuses on basic self-care skills, and
documents 170 categories of behavioral function. The OTCFA
uscs the second method to maintain its sensitivity to change, by
incorporating its 117 categones.

The OTCFA provides a set of graphs which consolidate the
performance data into summary information. These graphs can
depict the integration and the sensitivity of the O'CCFA in the
application to technological intervention.

Figure 2 illustrates the OTCFA graph displaying the
functional impact of an automatic page turnerinto a person’s
environment. As can be seen, the influence of a pageturneris
primarily with the second level, which focuses on activities.
Additionally, since the need for a page turner falls within the
environmental dimension, the environmental area reflects that
there is a need in this area. Another example is illustrated in
Figure 3. This describes the functional status of someone who
does not have any motor function of the upper limbs, and thus has
no direct physical mechanism for manipulating the environment.
Here, the individual's status before the introduction of a technolo-
gical device, and then subsequent function of the individual with a
mouthwand system in use. (Both of these illustrations have
specifically isolated only the deficits relevant to the page turner or
the mouthwand system in order to point out the sensitivity and
dispersement of function within the OTCFA. In reality,
individuals would virtually never exhibit such a simplistic
functional picture, but this demonstrates the specific impactof a
technological need.)

OVERALL IMPLICATIONS CF THE OTCFA
ON TECHNOLOGY

Rehabilitation technology, as with all of the other
rehabilitation disciplines, is being pressed into collecting data
demonstratiag the efficacy of its interventions. The OTCFA
provides one method for approaching the measurement of overall
effectiveness of any technology. The OTCFA performs this
measurement function using a comprehensive, hierarchical
designed assessment for specifically isolating the contnibutions any
intervention has for an in lividual. The OTCFA to date is withtn
the piloting stage. The past year and a half has focused on
formulating appropriate construct and content validity concepts.
1ia careful up-tront process is used, the instrument will be much
more effective and statistical validity and reliability studies wili be
confirmed. It is anticipated that the nation-wide pilot studics,
subsequent revision of the instrument, development of
instructional materials, including a teaching videotape,
identification of test-retest reliability and inter-rater reliability wal!
be completed by mid-1988.

This work was supported in part by the American Occupa-
tional Therapy Foundation, and Grant G-608300045 from the
National Institute of Disability and Rchabilitation Research
(NIDRR).
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FIGURE 2

OTCFA Long Form
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FIGURE 3

OTCFA Long form
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FEATURES TO INCREASE THE ACCESSIBILITY OF COMPUTERS
BY PERSONS WITH DISABILITIES:
REPORT FROM THE INDUSTRY/GOVERNMENT TASK FORCE

Gregg C. Vanderheiden
Charles C. Lee
Lawrence A Scadden
Truce R&D Center, UW-Madison

ABSTRACT

In 1984, representatives of the major computer
companies met with researchers, consumers, and
government personnel to discuss the 1ssue of computer
access by disabled persons, and the role that standard
computer manufacturers might play 1n enhancing access
for disabled persons. This led to the formation, two years
later, of the Industry/Government Task Force on Design of
Computers to Increase Their Accessibility by Disabled
Persons. This 1s a voluntary, advisory group whose
objective 1t 1s to identify the primary difficulties faced by
disabled persons 1n the use of standard manufactured
computers as well as possible approaches for reducing the
difficulties. The Task Force also helps to identify those
cucrent features of standard microcomputers which
facilitate their use by disabled persons, so that the fcaturcs
might be enhanced and not lost. The two products of the
Task Force to date have been a list of features/capabilities
(presented here), and a more extensive document titled
"Considerations in the Design of Computers and
Information Processing Systems to Increase Their Access
by Persons with Disabilities”

The majority of the items idenufied were found to have
dircct implicauons for increasing the usability of the
computer systems by nondisabled persons as well. Most
aspects targeted for disabled persons could be implemented
tn future computer systems on a low-cost or no-cost basis.

I F MOR
,ACCESSIBLE

Features which would make computers more accessible
can basically be broken down into two groups:

a) features which allow persons with disabilities to
access and use computer that are not owned by
or assigned to them (public or shared computers),

Type 1) features that allow individuals with
mild impairments to use the computers
directly as they come from the box,

Type 2) features that facilitate the
connection of speciatized interfaces and
accessorices for individuals with more
severe disabilities.

b) features which facilnate the use of computers
which are personally owned or controlled by the
disabled individual;

Type 3) features that facihitate customization
of a personal computer to allow access to
standard software;

‘Type 4) features that make computer use
casicr but arc not required for access,

Type 5) features that facilitate special
applications for computers.

For companics interested 1n enhancing access to general
usc computers, 1t is the first group (types 1 and 2) that is of
the highest prionity These features allow people with
disabilitics to use computers as they come across them -
rather than having to disassemble or modify the computer
or its software 1n order to gain access

Figure 1 provides a listing of some (not atl) features
from each of these categories. Many of these modifications
can be implemented in software, often as relatively minor
modifications or cxtensions to the operating system of the
romputer As such, they do not increase the manufacturing
cost of the computer Even hardware design modifications,
which would be very expensive on a retrofit basis, can
usually be implemented without increase 1n manufacturing
cost on future systems. Ia Figure 1, those 1tems which
could be implemented through software mod:fications are
marked with an asterisk. Note that most of the
modifications would increase the flexibility or ease of use
of the computers for the non-disabled "mass market” as
wcll.

IHEM IPLIER EFFECT - ARE A
DESIGNS THE MASS MARKET DESIGN?

While many of the design features implemented for
individuals with disabilities will also benefit the mass
population, there are some features which can be -
implemented which are really only of direct benefit to
those individuals with more himited abihitics. Implementing
these features may not seem to be as cconomically sound as
those features which also benefit the mass market  After
all.in general, products are designed to address the bulk of
the market, and only take small market segments 1nto
account if they can be implemented sn a no-cost or Inw-
cost basis. Individuals who have dir oilities, even though
they represent 20% of the population, are still a minority of
the popuiation. When 1t 1s further realized that 20%
represents all of the disabilities, and any particular
disability 1s only a porticn of that number, the justificanion
for specialized adaptations or accommodatons 1s reduced
further.

There arc, however, several multiplying factors which
make the impact of this market scgment greater than it
first appears  Mos. 1 these factors dcal with the fact that
marketing of computers 1s generally not targeted at
individuals, but at groups of individuals (cg. a2 company, a
school, etc) In general, pcople buying computers for that
group or organization would hike to buy computers which
can be used by everyone 1n that group/organmization. If
everyone 1n that group/orgamization cannot yse the
computer, and the computer becomes an integral part of
that group’s or orgamzation's activities, then there will be
some of the merabers of that group who will be unable to
function 1n the group In a school, this would translate nto
children who were unable to participate in the regular
classrooms that used computers In a company or agency,
this would translate 1nto 1ndividuals who wete unable to be
hired into or retain jobs which required access to and use
of the computers being purchased.

The result 1s that, although only 20% of the population
15 disabled, the percentage of companics, agencies, schools,
cte. which would hike 1o allow disabled persons to work 1n
the same environments and on the same computers as therr
able-bodied peers 1s closer 1o 80% If computers are being
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FEATURES TO INCREASE ACCESSIBILITY
i

TYPE L: FEATURES THAT ALLOW MORE PEOPLE TO USE THE COMPUTER AS IT COMES FROM THE BOX:
Allows access to standard software with requinng modsfi

= Needed for accem to public/shased P (school, company ,)(dno‘lypezfotmorelevcnlyxmpmadpusom)
PHYSICAL IMP * Kcyboard operable mith 1 hand (1 finger or (aouthstick, ctc) (1ovokable feature)
* Mouse cursor completely controllable from the keyboard (f system has mouse).
* Touch /touchpad ! Llabl !mlhckcybam(dmhamwmpad)

pad P Y
® Scparate keyboard (movable/potitionabic).
* Key rcpeat defeatable.
[ 4 Duheuy(ommmdmmve(q.mthuthnuchmwunumopbeummm)
° Enmddukdnvethtmbcmedtoboa(nﬂmmcmpmumgdddvc)

® Sude, thumbwheel, pushbutton (or keyboard perable) Is (f requured for system operation).
® Ow/off from froat of computer.
VISUAL IMP * Zoom or screcn image calargement feature (full scroen sccess required)

® Large high contrast letters oa keyboard.
L J Nlblonbomeudmponntpmphuﬂk:y'(BC,Mxp-ce,DEuw)
® Standard locstion of keys

* Colors user speafiable (1ociuding black oe white versus white oo black), or color 10formation redundant.
. <, {, ble)

P (rep ]
BLINDNESS: = Nothing for BLINDNESS 12 TYPE 1 FEATURES: sce TYPE 2 FEATURES
HEAFANG IMP ® Volume Liable (plus bly high vol level posuble).
DEAFNESS: * Visual display of any boeps, sounds, o speech output.

COGNITIVE IMP * Coausteat, simple format and Linguage, non-memory based.
* Reveruble sctions.
* Oo-ltoe Help.

TYPE 22 FEATURES THAT ALLOW CONNECTION OF SPECIAL INPUT/DISPLAY DEVICES TO COMPUTERS:

= Needed for access to public/shared by p with mod to severe seasory/physical impeirments
- Allows access to standard scétware,

PHYSICAL 1M * Standard alteraate 10put connection Fpoiat (exterual) (1oput treated 1deotically to standard input dewices)
(allows connection of wide vanety of ajteraste 10puts ~ cyegaze, headpointing, morse, voice, cte.)
BLIND/VISUAL IMP * Extcroal connection potot where screen dusplay contents are avalable,
(allows coanection of differeot alteraste display devices ~ Braulle, tactule, vorce, cte)
HEARING IMP ®H d phooe/aud; pont.

TYPE 3 FEATURES THAT FACILITATE CUSTOMIZATION OF PERSONALLY OWNED COMPUTER TO ALLOW ACCESS TO STANDARD
SOFTWARE (Types 1 and 2 above would also apply bere)

PHYSICAL IMP * fopction potot 1n system where a background program can npect keystrokes and mouse/touchpsd actoar.
* Phaotom window which stays above actie windows (1avokable — lasting).
* Standard system dnver/structure for all types of taput (facil, design of patible alteroatives)

® Switch 10put potat (ack or dedicated Pios 0a other coanector).

® Provinicn for keyguard mouoting (c.g., groove on sides of keyboard, ete)
BLIND/VISUAL IMP. € Coanection potot for larger dusplays (cg, video conpector).

* Built-io voioe capability (facilitates voce output of screco nformation).
ALL ® Opea architocture (pleaty of slots)

® Manuals 19 electronic form (case of handling allows alternate duplay forms).

TYPE 4 FEATURES THAT MAKE COMPUTER USE EASIER BUT ARE NOT REQUIRED FOR ACCESS

PHYSICAL IMP: * Key repeat/delay user adpustabl
® On poctable computers, latches operabic with ooc (very arthntic) hasd or mouthstick, ete.
® On portable computery, space 1aside case for permancotly mounted keyguard.

BLIND/VISUAL IMP: @ Maouals 1a Braille or voice {or clectrome)

TYPE S FEATURES THAT FACILITATE DESIGN OF SPECIAL APPLICATIONS FOR COMPUTERS (BUT NOT REQUIRED FOR ACCESS TO
STANDARD APPLICATIONS SOFTWARE)

* Built-1o voice capability (blind, specch impaired, deaf-phooe).

[ ] Ability to route computer sound (speech) through modem (speech mpaired, deaf)
® On portablc computers, pretapped holes 0a bottom (to attach spocisl scceesorics).
© Portables flat when closed.

* 1ndicates feature could be impleroented 10 system software
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FEATURES Tf) INCREASE ACCySSIBILITY

designed {or thcse "group™ markets rather than just selected
individuals within these groups, then "greups which include
individuals with some type and degree of disability”
becomes the "mass market” or target market.

As computers have moved from optional productivity
tools to required tools on the job or in the classroom, this
has become increasingly clear. School systems hav= let out
requests for bids for comptter purchases stating that
accessibility for their disabled students was required in
order to qualify. The US. Congress, as part of the new
Rehabilitation Act, has also acted to help ensure that
computers and office automation equpment purchased by
the government would meet minimum aceessibality
standards. Secttop 508(a) of the revisions to the
Rehabulitation Act state:

"Sec. 508(aX1) The Sec:ctary, through the National Insutute
on Disability and Rehabilitation Research and
The Administrator of the General Services, in
consultation with the electronics industry, shail
develop and establish guidelines for electronic
office equipment with or without speaial
penpherals.

"(2) The gudelines estabhished pursuant to
paragraph (1) shall be applicable with respect to
eiectronic equipment, whether purchases or
leased.

"(3) The initic' guidelines shall be cstablished not
later than October 1, 1987, and shall be
periodically revised as technologies advance or
change.

"(b) Beginning after Scptember 30, 1988, the
Admunistrator of General Sexvices shall adopt
guidelines for electronic accessibility established
under subsection (a) for Federal procurement of
clectronic equipment. Each agency shall comply
with the guidelin<s adopted under this
subsection.

"(c) For the purpose of this section, the term special
penipherals means a special needs aid that
provides access to clectronic equipment that is
otherwise inaccessible to a handicapped
individual”

This actinn was taken in response to a concern that the
increasing usc of computers and office automation
equipment 1n the government could significantly impact on
disabled government employces. It was felt that, as
computers became mandatory parts of the job, inaccessible
computers could cause individuals with disabilities to lose
their positions, be unable to be hired into positions, or
block their promotion or transfer into posttions requiring
computer use. Even the Department of Defense has
particular interest, due to a concern for disabled veterans.

Although the NIDRR/GSA Guidelines have not yet
been drawn up, they are expected to be gencrai
performance guidehines 1n nature. The objective is to
provide industry with a clear indication of what would be
required to provide “reasonable accessibility,” while leaving
the actual method for achieving this up to industry This
type of flexibility would be cssential to prevent hindening
innovation and advancement in this important area.

CONCLUSION
There are may ways 1n which current and future
computers could be dessgned to make them more usable by

persons with disabiiities. Most of these are no-cost o low-
cost 1n nature, and benefit nondisabled users as well.

I wo efforts ongoing at the present time 1n this area are:

1) 1Gov v
Accessibility A voluntary cffort targeted at
generating tetter information for industry and
facilitating cooperative efforts 1n this area.
(Anyonc may join this ¢ffort by writing to Dr.
Gregg C. Vanderheiden or Dr Lawrence
Scadden ~ sce below)

2) NIDRR/GSA Effort to develop procurement
guidclines for government purchase of electronic
office automation equipment including
computers.

NOTE: The hst of features 1n Figure 11s not meant to
be exhaustive, nor should it be seen as a checkiist for
accessibility. It 1s merely presented as a hsung of examples
of the types of features which might be provided for
current gencration computers to increase their accessibility.

Anyone wishing more information on this topic area, or
wishing to jcin in the Industry/Government Initiative
(which 1s open to all) should contact:

Gregg C. Vanderheiden, PhD.
Trace R&D Center

S-151 Waisman Center

1500 Highland Avenuc
Madison, WI 53705

or

Lawrence A Scadden, PhD.
Electronsc Industrics Foundation
1901 Pennsylvania Avenue NW
Suite 700

Washington, DC 20006

Charles C. Lee

Trace R&D Center
S-151 Waisman Center
1500 Highlaod Avenue
Madison, WI 53705

This work was supported 1n part by Grant G-008300045 and
G0083C0020 from the National Institute of Disability and
Rehabilitation Rescarch (NIDRR), US. Department of
Educanon.
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