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Abstract
We have had experience and considerable success
in the design of computer-based systems which
enable
people with cognitive disabilities to partially
overcome them. This success leads to problems for
which AI may make substantial contributions. In
addition, our experience in related fields may well
be helpful to AI researchers who wish to work with
individuals who have cognitive impairments.

Introduction
For the past decade, our labs have focused

on the application of computer science to assist
individuals who have cognitive disabilities due to
brain injury and mental retardation. We have
developed an approach to brain injury
rehabilitation which we call Computer Based
Cognitive Prosthetics. While we have not applied
AI theory, our findings and experience may be of
interest to people in the AI community.

The idea of using computer technology to
assist people with cognitive deficits was recognized
independently in the mid-80s by three groups
working in different disciplines: Cole et al (1990)5

in computer science; Friedman at CMU working in
electrical engineering and robotics, and Levine and
Kirsch (1987)2’3 from the UMich working in
biomedical engineering and neuropsychology
respectively.

Cole’s early work addressed the
predicament of people who had received a brain
injury and had little prospect of being cured of
various cognitive disabilities. These include
disorders of memory, concentration, organization,
planning, task sequencing, language, and eye-hand
coordination, among others. Typically, these very
cognitive disabilities prevented these individuals
from learning and using off-the-shelf software. His
lab, the Institute for Cognitive Prosthetics (ICP), has
developed Computer-Based Cognitive Prosthetics
(CBCP) as a means of providing personal
productivity software to individuals who needed
assistance in performing every day activities.
Surprisingly, this approach is novel to the field of
brain injury rehabilitation, where computers are
used primarily for cognitive skill drills.

Use of Computer Technology in Cognitive
Rehabilitation

Computers are now widely used in
cognitive rehabilitation treatment. Most of the
software available consists of cognitive skill drills,
one skill at a time. Unfortunately, skill definition
has not kept up with trends in experimental
neuropsychology and neuroscience, and some
cognitive skill dimensions rely on decades old
work. Rehabilitation therapists will also use off-
the-shelf computer games as a means of retraining
cognitive skills. Off-the-shelf educational software
is also used in rehab.
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When there is a recognition that a cognitive
skill loss may be long-term, patients are taught to
use new methods of performing an activity, an
approach which is called a "compensatory
strategy". For memory loss, a therapy may involve
using a To Do List, an appointment book and other
manual means. There is a widespread feeling that
patients should not be made to depend on
technology for compensatory strategies. A few
leaders in the field suggest the use of diverse
electronic aids which are often found in electronic
technology stores.

However, both of these approaches have
substantial problems. Success at skill training too
often does not transfer to real life activities.
Electronic aids are too difficult to learn and too
unforgiving in error conditions.

There would seem to be many
opportunities for applying computer technology to
rehabilitation of cognitive disorders.

ICP’s approach to acquired cognitive disabilities
from brain injury

Our early work addressed the question of
whether computer software could bridge cognitive
deficits. The goal of our work with patients is to
enable them to perform activities that they have not
been able to perform since their brain injury. This
problem is important because of the difficulty
current rehabilitation techniques have in restoring
the individual to their pre-injury level of activity.

The research strategy focused conditions
which were particularly difficult for current clinical
state of the art. Traumatic brain injury (TBI)
provided this setting. TBI typically causes diffuse
damage, --to several lobes of the brain, and to
many cognitive dimensions -- but only partial
damage. This leaves the individual with
simultaneous deficits in several dimensions, but
with none of the dimensions being totally
eliminated. Also, TBI patients were expected to
have no further recovery beyond 2 years of the
accident. This would provide a baseline for our
work.

Cognitive engineering models of Card

Moran & NewelP, and of Olsen and Olsen5 seemed
to provide a heuristic. This work conceptualized an
individual’s target activity as a lengthy sequence of
cognitive tasks on a time frame of hundredths of a
second to a second for expert users. One can then
conclude that a disruption of the sequence for even
a single cognitive skill would disrupt activity
performance.

We hypothesized that computer software
could be constructed to perform the specific
cognitive tasks in the sequence. In this way, the
computing system would become prosthetic, taking
over human functioning which the individual
previously could do with their natural ability, but
because of disease process was no longer able to

(]06.

The use of off-the-shelf computer software
as a cognitive prosthetic causes a dilemma. The use
of computer systems is a cognitively intensive
activity. Typically, cognitive dimensions which are
impaired are the very ones necessary for the
successful use of computer software. Thus,
prosthetic software must be able to support the
patient-user’s target activity, as well as overcoming
the problems presented with the use of computing
systems generally. Indeed, computers had been
used in rehabilitation during the early 80s, and had
developed a bad reputation with insurance
companies. Many computers had been purchased
and used in a relatively unfocused manner.
Patients, unable to use the computers, stopped using

them7.

To succeed, prosthetic computing must
have two main types of functionality. First, it must
be capable of performing cognitive subtasks which
the patient can no longer do. Secondly, it must be
able to adapt to the ease of use requirements of the
individual with disabilities, i.e., the individual who
falls outside human factors normal parameters for
device performance.

ICP has set strict standards for performance
of our systems. Prosthetic software targets a
priority activity for the patient. Patients must be

2O



able to learn how to use their prosthetic system with
less than 2 half-hour training sessions. After
training, the patient must be able to perform a
target activity in a self-sufficient manner, i.e., use
the system day or night at will, alone, and without
the need for any coaching. Thus the software must
not be confusing, and the patient-user must not get
into an error condition which he/she cannot resolve
alone.

The research design also is stringent. Our
problem calls for a study in the patient’s life
setting, rather than in the rehab suite or lab; these
real life factors beyond the immediate scope of the
study can reduce our results, but not enhance our
results. Research subject selection criteria require a
patient to 1) have a medically documented injury;
2) be beyond the point of spontaneous recovery; 3)
received brain injury rehabilitation directed at the
target activity; 4) remain unable to perform the
target activity, and 5) have the target activity be 
priority area to the patient. This means that the
target activity is relative and important to the
patient in their real life (as opposed to 
rehabilitation intermediate step).

Results and Discussion
We are able to achieve the criteria with over

90% of our patients. This is a remarkably high rate
of success. These results are all the more
impressive because the population members consist
of people whose rate of rehabilitation progress had
become nil in previous rehabilitation programs.
Presently, our computing environment enables us
to develop a prosthetic application for a patient on
a time frame of about half-a day’s effort, with a
range of an hour for relatively routine applications
to 2 months for applications in new domains which
represent challenges in device integration. In the
context of rehabilitation, this speed of functional
recovery and of intervention design and execution
is extraordinarily fast.

These results are achieved by taking a
theory-building as opposed to a theory testing
approach. This results in an approach which
develops one-of-a-kind systems, tailored to the
requirements of a target individual patient. This

approach is appropriate for individuals and
domains with a high rate of failure from other
approaches. One is tempted to point out that we
have achieved our results by designing for a
specific individual. However, each patient has been
enrolled in costly rehabilitation programs which
stress individually designed programs, and have
several hours each day of one-on-one therapy.

We have a unique opportunity to take a
theory-generating approach. As non-clinicians we
are freed of the need to apply a specific clinical
theory of cognitive functioning to the design of
our interventions. Furthermore, early in our work
we discovered that standardized clinical testing
produced data which was too coarse grained for
application development. Testing findings of
moderate verbal memory disorders did not translate
into information necessary for designing highly
customized user interfaces.

Indeed, we found that this testing too often
underestimated the capabilities of the individual in
specific settings and situations. Also, too often
cognitive dimensions which clinical testing found
to be areas of strength were producing cognitive
failures in the context of a specific user operation
during an application.

For our lab to help disabled individuals
function better in the world, we needed to have
accurate information about an individual’s abilities,
because we are able to leverage these abilities.
More important, it is necessary to accurately
identify an individual’s disabilities in performing a
target activity, so that technology can bridge the
deficit and achieve overall system success. These
patient specific findings are stable from one test
session to another. Consequently we are able to
develop a patient-specific baseline from which to
work.

Many of our findings about a patient are
inconsistent with clinical findings. We choose to
interpret these differences as suggesting that the
models have different purposes. Clinical testing
primarily needs to determine if pathology is
present and to develop a diagnosis. This often
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requires a broad screen, but it need not be a fine
grained screen.

The design of a treatment intervention for a
single component of the pathology requires fine-
grained examination of a very narrow portion of
brain functioning. Consequently, our lab is better
served by generating data and perhaps theory
about fine-grained cognitive functioning. Also, at
this time, our lab focuses on the solving "local"
problems for specific activities of a specific
individual rather than global solutions for the
population of individuals with a specific syndrome.

Our lab has a successful clinical practice
where we are able to demonstrate that applications
of computer science theory and techniques are able
to be a cognitive prosthesis. This alone is an
important finding both for areas of Computer
Science and Rehabilitation Medicine, because it
demonstrates that this approach has considerable
potential. This is also important because other labs
using slightly different techniques have not found
the success we are able to achieve.

Work with mental retardation populations
One specialized application of computer-

based cognitive prosthetics is "job coaching."
Motivated people with moderate cognitive
impairments can, with appropriate training, earn a
competitive wage. Vocational rehabilitation
counselors have found that people with learning,
memory, and/or attention deficits, who cannot learn
and successfully transfer job skills to a new work
site after conventional instruction at a training
facility, may successfully adapt to a new job with
special on-site assistance. After learning
component skills at the training facility, the job
applicant starts work at the job site with the
assistance of the "job coach".

Initially the "coach" may do most of the
work, with the applicant observing. The coach’s
job is to reverse this situation within a few weeks so
that the applicant is doing most of the job, with the
coach simply verifying work quality. At the stage
when the applicant is performing as well as other
employees and needs no (or little) special
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supervision, the job coach can begin work with a
new client at a new site.

Among the advantages of this approach to
employment of people with cognitive impairments
is the greater variety of jobs and the higher level of
compensation available in the competitive market
place compared to that of sheltered workshops, the
usual alternative model for employing people with
moderate cognitive disabilities.

The principal disadvantage is the high cost
of this one-on-one on-site tutorial service. In
Pennsylvania, the demand for job coach services by
people with moderate cognitive impairments
exceeds the supply of state-supported job coaches
working under the auspices of the Office of
Vocational Rehabilitation (OVR).

While some early job training is verbal,
physical guidance and activity demonstration is
usually necessary. Later in job training, after all
component job skills are well-learned and problems
are mainly in sequencing these skills and
maintaining concentration, only verbal cues are
needed by the client. Job coaching may be made
more cost effective if, during the later quality
assurance and verbal cueing stages of supervision,
computers could take over the coach’s monitoring
and cueing functions. Wearable computers --
PDAs -- with speech output and some
telecommunications functions should be ideal for
this cognitive assistance application.

Together with the Engineering Design
Research Center (EDRC) at Carnegie Melon
University and the Pittsburgh Vocational
Rehabilitation Center (VRC), Friedman et al have
been doing research on the application of portable
computers to job coaching for youth with mental
retardation. We have found that with selected jobs,
adequate environmental sensing, and motivated
clients who are at appropriate stages of their job
training, inexpensive portable computers can,
indeed, serve as job coaches. However, several
aspects of the human-computer interface must be
refined before such applications become practical.
AI may play a significant role in expediting these
interface enhancements.



Opportunities for AI in developing cognitive
prosthetics

From our experience and success at
developing computer-based cognitive prosthetic
applications, we see a number of problems which
AI is particularly well-suited to address, indeed
demand an AI solution.

First, there is a need to develop a typology
of cognitive dimensions which are appropriate for
problems of cognitive engineering for individuals
with cognitive disabilities. What are the cognitive
dimensions which are impaired for everyday
functioning, so that we can know what needs to be
fixed.

Our research has demonstrated a number of
context-specific abilities and disabilities.
Identifying these are necessary to produce
additional efficiency with unspecified dimensions.
Identifying these dimensions would enable us to
show that 1) it is easier to develop a successful
prosthetic intervention than had been previously
thought, and 2) the individual’s cognitive abilities
may have been underestimated in other clinical
testing regimes. It is most desirable to develop an
interval scale for these cognitive dimensions, but
even a coarser metric on better-articulated
dimensions would be a major contribution.

Secondly, there is a need to develop
typologies of the patient’s every day activities at
fine granularity. Existing functional inventories
can provide clinical teams with an indication of
patient safety, and for broad areas of dependence
on caregivers. These inventories are too broad to
be useful for the design and engineering of
interventions necessary to give an individual an
increased degree of self-sufficiency.

Third, there is a need for a better means
for vocational counselors and job coaches to
generate supervisory programs, preferably by
systems that automatically generate job models
from working examples, rather than by explicit
programming.

Fourth, there is a need for a better means to
tract client performance and offer appropriate
correction of error and praise for accomplishments
must be developed that can actively adapt to the
client’s changing needs using non-verbal,
performance-based feedback.
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