Performance considerations for

people with cognitive impairment in

accessing assistive technologies

A wide range of assistive or rehabilitation technologies has been used to assist people having a variety of
disabilities with mobility, communication, environmental control, daily living, and other activities. These
technologies require certain motor, cognitive, and perceptual skills in their operation. The focus of this
article is on the performance effects of the cognitive and perceptual requirements for operation of
assistive technologies. To this end, the effects on human performance of the cognitive deficits commonly
seen in traumatic brain injury are first reviewed. Examples of assistive technology techniques are pre-
sented with a focus on the cognitive and perceptual requirements for their operation. A model of perfor-
mance for a specific assistive technology system is described, to demonstrate how an analytic approach
can aid in understanding the effects of cognitive and perceptual requirements on performance. The ex-
amples and model illustrate the premise that as the assistive technology interface changes to accommo-
date increasing motor impairment, performance can be substantively affected by the increased cognitive
and perceptual loads placed on the user. Improved understanding of performance effects related to cog-
nitive and perceptual requirements for assistive technology operation is important for improving both

selection criteria and the design of such systems.
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SSISTIVE OR REHABILITATION technolo-
gies are designed to help people with
disabilities perform a variety of daily activi-
ties. These technologies have been applied to
a number of functional areas that include, but
are not limited to, powered mobility, environ-
mental control, augmentative communica-
tion, and computer access. The focus of this
article is on the cognitive and perceptual re-
quirements for using assistive technologies.
Many of the technologies discussed here
specifically address limitations stemming
from motor impairment. Such systems are
usually designed with a primary emphasis on
the motor abilities of the intended user. Fre-
quently, only secondary consideration is
given to the cognitive and perceptual require-
ments of the system and how well they match
the user’s abilities. This is an important point
of concern even for users with purely physi-
cal impairments,! but for people with cogni-
tive impairment, the cognitive and percep-
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tual requirements for operation are especially
critical.

An underlying premise of this article is that
the cognitive and perceptual requirements
for system operation usually increase as the
design of an assistive technology changes to
accommodate increasing motor impairment.
The task of computer text entry is a good ex-
ample of this trade-off. One type of assistive
interface that has been designed for people
with very slow text entry rates is called “word
prediction.” These systems automatically
present lists of words (based on previous
character entry) in a screen window. The
user can then select an entire word by choos-
ing a single additional character. The intent of
this system is to reduce the number of charac-
ters that must be entered. While this goal may
be satisfied, this type of word prediction sys-
tem requires that an individual be able to visu-
ally search the word list, decide if the desired
word is in the list, and then enter the appro-
priate character to select the chosen word.
These additional requirements may make the
use of a word prediction system impossible
for some cognitively impaired users or may
require enough additional time for the associ-
ated cognitive and perceptual activities that
the efficiency of the word prediction inter-
face is lost.

In addition to assistive technologies that
focus on motor impairment, there are many
that specifically address limitations stemming
from cognitive and perceptual deficits. These
include cognitive remediation software, activ-
ity guidance systems,?4 and other software
packages. The concepts developed in this pa-
per should readily apply to these rehabilita-
tion approaches as well.

To explore the effects of cognitive and per-
ceptual requirements for operation of
assistive technologies, this article is divided
into three sections. First, a brief review of
cognitive and perceptual deficits associated
with traumatic injury and disease is pre-
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sented. The purpose of the review is to intro-
duce the ways in which cognitive deficits can
affect user performance. Second, specific ex-
amples of assistive technology techniques are
described along with discussion of the cogni-
tive and perceptual abilities that are needed
for effective utilization of these systems.
Third, a simple model of user performance
with a word prediction system of the type
described above is presented. The purpose of
this final section is to demonstrate the need
and usefulness of analytic approaches in un-
derstanding the performance effects of cogni-
tive and perceptual requirements for assistive
technology operation. Together, the sections
of this article are intended to highlight as-
pects of human performance in order to fos-
ter the development of improved criteria for
both the selection and the design of assistive
technologies.

REVIEW OF COGNITIVE AND
PERCEPTUAL CHANGES FOLLOWING
BRAIN INJURY OR DISEASE

People who sustain brain trauma or disease
can experience a wide range of cognitive
and/or perceptual impairments, in addition to
motor impairment, which can directly affect
their abilities to operate assistive technolo-
gies. These deficits can affect various areas of
cognition, including attention, orientation,
memory, verbal reasoning and problem solv-
ing, perceptual and analytic abilities, social
reasoning, and executive abilities. All of these
can have a direct impact on performance
with an assistive technology system.

Attention

Attention is the ability to maintain cogni-
tive effort, free from distraction or interfer-
ence. There are three major types of at-
tentional skills that are typically affected by
injury or disease: sustained attention, selec-
tive attention, and alternating attention. Sus-
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tained attention (which may be affected by
fatigue) is the ability to maintain effortful and/
or deliberate activity, free from distractibility.
Selective attention is the ability to filter out
irrelevant or competing influences in the en-
vironment. Alternating attention is the ability
to shift rapidly between competing environ-
mental stimuli or conceptual lines of thought.
Attentional deficits may impair an individual’s
ability to learn to use an assistive technology
system, as attention is a critical first step in
memory storage. Attentional deficits may also
limit the level of skill that can be achieved; for
example, the ability to attend consistently to
salient aspects of the environment is neces-
sary for a person to drive a power wheelchair
independently and safely. Some assistive tech-
nology systems, such as the scanning inter-
face discussed below, require the ability to
respond in a rapid and timely fashion. This
type of system is not likely to be successful
for a person whose attentional skills are sig-
nificantly impaired because such deficits of-
ten produce delayed reaction time.

Orientation

Orientation, like attention, is a fundamental
neurocognitive skill that represents the
individual’s appreciation of the passage of
events, the self, and the self as an element of
the environment. It too is a prerequisite to
the purposeful, goal-directed behavior that is
necessary for both the use of and the motiva-
tion to use an assistive technology system.

Memory

While many classification systems for
memory have been proposed, memory is of-
ten considered to be made up of three major
components: the short-term sensory store
(STSS), the working memory (WM), and the
long-term memory (LTM). Deficits in any one
of these systems affect an individual’s ability
to learn to use an assistive technology system,

although it is often possible to compensate
for mild deficits by supplying external aids
such as a list of steps for common proce-
dures. Memory deficits will also affect perfor-
mance. For example, an individual who is en-
tering a message into an augmentative
communication system may forget what the
message is before completing it, especially
since completion of the message may take
several minutes. Individuals whose memory
deficits involve nonverbal or spatial informa-
tion may have difficulty developing skilled
use of a powered mobility system, as even fre-
quented environments will always seem
brand-new.

Verbal reasoning and problem solving

Deficits in the area of verbal reasoning and
problem solving involve any skill in which the
manipulation and use of verbal concepts is
required. For example, limitations in logical
thinking and problem solving can severely af-
fect an individual’s ability to recover from
simple errors while using an assistive technol-
ogy system and will therefore limit the degree
of independence that can be achieved with
the system. Limitations in understanding con-
ceptual relationships (eg, similarities, differ-
ences, category membership, analogic or
metaphoric relationships) affect an in-
dividual’s ability to learn and use assistive
technologies. Learning may be affected, be-
cause an individual may not recognize situa-
tions in which prior knowledge can be ap-
plied. This is particularly true with computer
access and augmentative communication sys-
tems for which encoding techniques are used
that require the user to recognize the relation-
ship between an abbreviation and its expan-
sion. Choice of such a system for an indi-
vidual with difficulties in verbal relationships
must be made with care, as it may present an

unnecessary or insurmountable learning bar-
rier.



Difficulty with specific skills such as letter
recognition or reading comprehension have a
clear impact on choice of system. Depending
on the degree of the deficit, it may be neces-
sary to select a system that uses pictorial or
other nonverbal forms of information in all
communication with the user.

Perceptual and analytic abilities

Perceptual and analytic abilities include
nonverbal thinking skills that require a mean-
ingful appreciation, interpretation, or ma-
nipulation of spatial and configural informa-
tion about the environment, the body, or the
body in relation to the environment. Percep-
tual and analytic deficits may be accompanied
by, but are not synonymous with, sensory
change. Deficits in this area may, for exam-
ple, affect an individual’s ability to maneuver
a power wheelchair safely through the envi-
ronment, as the individual's “map” (percep-
tion) of the spatial environment may be inad-
equate. As another example, these deficits
might affect the individual’s ability to find and
select characters or pictures on the display of
an augmentative communication system.

Social reasoning

Social reasoning skills are a complex set of
abilities that are necessary for effective inter-
personal relationships. While the specific
definition of these skills varies from culture to
culture, they generally include the ability to
recognize and/or engage in socially appropri-
ate behavior in common situations, the ability
to see things from another person’s point of
view, sensitivity to another's emotional ex-
pression, and the ability to respond differ-
ently to particular social behaviors according
to the context in which they have occurred.
These skills are important to the operation of
many assistive technologies. For example,
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they provide the basis for linguistic pragmat-
ics and as such are necessary for fully effec-
tive use of an augmentative communication
system. Social reasoning also affects perfor-
mance with powered mobility systems, pro-
viding a way for the individual to judge, for
example, when driving very close to another
person is fun and when it is dangerous or an-
noying.

Executive abilities

Executive cognitive abilities are those that
permit effective adaptation and accommoda-
tion to changing environmental demands
through the appropriate and efficient integra-
tion of more basic cognitive skills. These
skills include flexibility of thinking; the abili-
ties to plan, organize, and form strategies for
problem solving; and self-monitoring and self
regulation. A minimum competency in these
skills is necessary for an individual to under-
stand what assistive technology is and to de-
cide whether it is a desirable intervention.
Advanced levels of executive abilities are nec-
essary for the effective use of many assistive
technology systems. For example, environ-
mental control systems may be programmed
to perform certain home control tasks auto-
matically, but for an individual to use this fea-
ture effectively, he or she must be able to first
develop an overall strategy for the ways in
which appliances, lights, and thermostats
should be manipulated over the course of a
day. As a second example, some powered
mobility systems provide a powered-recline
feature that allows the individual indepen-
dently to obtain pressure relief. For this to be
beneficial, the individual must have sufficient
self-discipline and self-monitoring ability. If
the individual does not possess these abilities,
the presence of the system could actually be
harmful to him or her, because caregivers
may assume that they need not assist with
pressure relief.
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EXAMPLES OF COGNITIVE AND
PERCEPTUAL SKILLS NEEDED FOR THE
OPERATION OF ASSISTIVE
TECHNOLOGIES

The following examples provide generic
descriptions of a few assistive technology
techniques/systems together with an analysis
of the cognitive and perceptual skills required
to operate them. All of the techniques or sys-
tems described are embodied within one or
more commercially available devices or sys-
tems; however, specific reference to these
devices or systems has not been made so as to
avoid possible misrepresentations. Most com-
mercially available assistive technologies are
not exclusively designed for persons with
cognitive impairment, so conclusions regard-
ing the general quality of design should be
made cautiously based on an analysis of cog-
nitive, perceptual, and motor requirements
for operation.

Scanning communication systems

Many augmentative communication sys-
tems use a scanning interface that accepts in-
put from a single switch (or multiple
switches). Such systems can have a wide
range of configurations. All of these systems
require an evaluation of the user's motor abili-
ties and a determination of switch type and
placement for optimizing switch activation.
One of the most common scanning interfaces
consists of a two-dimensional array of letters,
arranged so that the letters used most often
require the least amount of time to select (Fig
1). In this configuration, each row of letters is
highlighted sequentially until a switch activa-
tion occurs to select a particular row. Then,
the individual letters of the row are high-
lighted sequentially until a second switch ac-
tivation is made to select the particular letter
of choice. Basic competency with this type of
system requires that the user be able to

o understand the basic two-step selection

strategy;

e respond appropriately to visual cues, un-
der specified time constraints, with a
switch activation;

e keep the message context, word, and
specific letter in mind; and

e visually search the letter array and iden-
tify the location of the desired letter.

Development of a higher level of skill with
this system requires the ability to memorize
letter positions, so as to eliminate the neces-
sity of visually searching for each selection.

An additional complexity of some scanning
systems is that selection of an item may pro-
duce various combinations of text entry,
branching to a new menu, voice generation,
or other action. In this case, requirements for
operation would include the ability to under-
stand and memorize the relationship be-
tween the screen cues used for each item in
the array (eg, color, character style, and icon
semantics) and the actions that occur when
the item is selected.

Another common characteristic of scan-
ning systems is muitiple levels of a scanning
array, in which the contents of any particular
location varies with the level selected. As lev-
els are changed, the cues associated with
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Fig 1. Example of row-column letter matrix for a
scanning communication system. Letters are
placed in a frequency-based arrangement, so that
the most frequently used letters can be selected
most quickly.



each specific location may stay the same
(static display) or change (dynamic display).
Additional requirements (beyond those dis-
cussed above) for operation of multiple levels
include the ability to remember, or determine
from information provided by the system, the
current level as well as methods for changing
between levels. In the case of a static display,
the user must be able to combine knowledge
of the current level with the cues at a particu-
lar location to decide which of the possible
location contents (or meanings) is currently
available. For a dynamic display, the user
must be able to visually search an array that
changes its labels on the basis of the selected
level.

It is important to note that individuals who
have deficits in these areas of cognition may
still be appropriate candidates for scanning
systems, because some of these skills may be
improved or developed through appropriate
clinical intervention. For example, the rela-
tively complex strategy required to select a
row and then a column from a scanning ma-
trix can be built by concentrating on its com-
ponents. Simpler single-switch scanning with
one-dimensional arrays or even computer
games can facilitate the development of
switch activation under specific time con-
straints. It may then be possible for an indi-
vidual to use that skill to pick a single letter
from a reduced set of options and gradually
progress to the entire matrix. However, the
ability to generalize such acquired skills may
be limited in many cases. As a second ex-
ample, for individuals who have trouble keep-
ing track of the desired message or current
level, training can focus on simple strategies
enabling the user to utilize the available cues
provided by the system on-screen.

Power wheelchair controls

Power wheelchairs employ a range of inter-
faces that are designed to accommodate a va-
riety of motor impairments. Two basic ap-
proaches to power wheelchair operation are
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proportional and switch control. Most com-
monly, proportional interfaces employ a joy-
stick: the direction in which the joystick is
pushed signifies the direction of wheelchair
travel, and the magnitude of joystick displace-
ment represents the speed of the chair. This
type of interface requires that the user have
adequate general orientation, spatial orienta-
tion, vision, visual perception, simple reac-
tion time, sustained and selective attention,
and the perceptual and analytic abilities with
which to associate joystick control with
wheelchair movement.

For individuals with inadequate motor
abilities to operate a proportional controller,
multiple switch input is often used. The num-
ber of switches and the way in which they are
activated can vary considerably with these
systems. Modern electronic control systems
automatically provide gradual accelerations
and limitations on turn gains. This alleviates
some of the increased cognitive and percep-
tual demands that might otherwise be im-
posed with switched control. However, there
still remain increased demands that stem
from the use of switch input for wheelchair
control. The descriptions of switch control
systems that follow are presented in order of
decreasing motor and increasing cognitive re-
quirements. A major source of this additional
cognitive load is that, as motor requirements
decrease, the mapping between the user’s in-
put and the wheelchair actions becomes less
direct.’

The first option to be considered is a
switched joystick control in which there are
usually four or eight switches located around
the joystick circumference. This type of sys-
tem only allows movement in fixed directions
at a preset speed and does not have as natural
a relationship between joystick and wheel-
chair movement as does a proportional con-
trol system. A second option entails the use of
multiple switches in a linear or semicircular
array (eg, arm-slot switches). This method
may require even greater cognitive and per-
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ceptual skills, in part because of the more in-
direct relationships between switch position
and intended direction of travel.

Another common type of switch control,
which is designed for people with severe
motor limitations (who cannot operate the
controller types previously described), is “sip-
and-puff” control. In this type of system,
pneumatic switches are activated through air
pressure or a vacuum produced by oral move-
ment. While meeting the needs of individuals
with more severe motor limitations, this type
of system imposes additional cognitive re-
quirements. Sip-and-puff controls require a
degree of encoding to be used effectively for
wheelchair control. For example, a typical
control set-up requires the user to produce
two levels of sip and puff (ie, hard/soft sip,
hard/soft puff), as depicted in Fig 2. In this
configuration, a hard puff latches the chair in
the forward direction, with a soft sip or soft
puff used to turn left or right, respectively.
Additional hard puffs are used to increase
speed and a hard sip is used to stop the chair
or move backwards from a stopped position.
There are a number of potential variations on

Hard Puff

Soft Sip Soft Puff

Hard Sip

Fig 2. Mapping between user actions and direc-
tion of wheelchair movement for a pneumatic (sip-
and-puff) power wheelchair control.

this scheme, which include such features as a
nonlatching control for forward motion.

To achieve basic competency in the use of
this type of system, the individual must un-
derstand the different levels of sips and puffs
and how they relate to the speed and direc-
tion of the wheelchair. Because the mapping
between user action and wheelchair move-
ment is less direct than with a joystick con-
trol, it may be more difficult for the user to
develop an expert skill level at which perfor-
mance essentially is cognitively effortless
(“automaticity”). If automaticity cannot be
achieved by the user, it may require a much
higher level of concentration during opera-
tion than would joystick control. This may
represent a distraction in relation to tasks that
must be performed simultaneously with
switch input, such as perceiving and avoiding
obstacles. A consideration with sip-and-puff
control is that for users with disability stem-
ming from injury or disease, there is consider-
able predisability experience in associating
hand movement with directions and move-
ments, whereas there is no experience in us-
ing a pneumatic mouth control. This poses a
difficuity for many users but especially for in-
dividuals with brain injury whose ability to
learn may be compromised. Such individuals
may be assisted in mapping sip-and-puff in-
puts to wheelchair movements by placing a
cue sheet (similar to Fig 2) in an appropriate
location near the controller display.

Other types of power wheelchair controls
also have increased cognitive and perceptual
requirements as a result of compensating for
limited motor capabilities. For example, scan-
ning controllers for power wheelchair con-
trol may require only single-switch input but
add requirements in terms of a user’s ability
to understand the association between a con-
trol interface display, planning of move-
ments, and the anticipation required to per-
form actions within a limited time, in order to
achieve the desired wheelchair movement.



Another aspect of wheelchair controllers is
that many have several “channels,” which can
be used to control other things besides the
wheelchair, One of the channels is allocated
for the standard mode of wheelchair opera-
tion, but other channels can be assigned to
functions such as the setting of wheelchair
drive parameters (ie, maximum speed),
power recline, remote control of electrical
appliances, telephone operation, and so on.
With a multiple-channel controller, the form
of the input device remains constant, but its
function may change with the channel se-
lected. For example, a joystick may serve as a
proportional controller for wheelchair opera-
tion but may serve as a four-switch joystick on
the remote control channel. Effective use of
such a system requires the executive ability to
switch appropriately between channels ac-
cording to the individual's current goals, the
ability to identify the current channel from a
visual display or auditory feedback, and to re-
member the appropriate method of control
for that channel.

MODELING OF PERFORMANCE

The above examples demonstrate that the
cognitive and perceptual requirements of
assistive technologies can have a major im-
pact on an individual’s ability to learn and use
a system, The next step is to begin to develop
methods of understanding how great that im-
pact is for a particular individual and a par-
ticular system. To this end, a simplified model
of user performance with a common augmen-
tative communication technique is pre-
sented.S This model illustrates how human
performance with an assistive technology sys-
tem can be analyzed and how an assessment
can be made of the cognitive, perceptual, and
motor skills required for its use. More specifi-
cally, it demonstrates an approach to assess-
ing the trade-offs that are frequently involved,
between improved motor efficiency in ac-
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cessing the technology and increased cogni-
tive and perceptual load. Assessment of cog-
nitive and perceptual load is an important
consideration, even for users with purely
physical impairments, as increased load in
these areas can lead to decreased perfor-
mance. However, for users who experience
cognitive impairment, the “performance
costs” of methods that increase cognitive and
perceptual load may be significantly higher,
which makes accurate performance assess-
ment of even greater importance.

Background

The augmentative communication tech-
nique to be examined here, called “word
prediction,” was described briefly in the in-
troduction. While there are a number of dif-
ferent types of word prediction schemes,” 10
the basic technique takes advantage of the re-
currence of words in English to predict a set
of words that are the most likely candidates
for user entry. Word prediction choices are
typically displayed in a short list and are re-
fined as the user inputs additional letters. If
the desired word is found in the list, it can be
selected with one additional input, which
eliminates the need to select each remaining
letter individually.

As described earlier, a basic trade-off in-
volved in word prediction is that decreasing
the number of necessary character selections
may increase the time required to make each
selection by increasing the cognitive and per-
ceptual requirements, thereby leading to un-
known effects on overall performance.'!}12 A
brief review of the literature on word predic-
tion systems illustrates this. Theoretical and
experimental studies show that required key-
strokes can be reduced by 24% to 70%,7913
depending on the characteristics of the en-
tered text and the word dictionary. Maximum
efficiency has been estimated at 82%, under
the assumption that every word could be se-
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lected with only one keystroke.” However,
despite these significant reductions in motor
requirements, overall performance does not
universally improve. Experimental measure-
ments in subjects with disabilities reveal a
wide range of performance changes, from sig-
nificant decreases in speed,'4 to modest or no
improvement,?1? to substantial increases in
speed.! At least one clinical study has con-
firmed that, while efficiency (number of char-
acters selected/number of characters en-
tered) may improve significantly, text entry
speed may not.!s

These results do not mean that word pre-
diction never enhances rate. They merely
point out that the claims that word prediction
is time saving,'¢ increases typing rate,!” and
provides quicker access'® should be exam-
ined more closely to determine when they
hold true and when they do not.

There are three main questions that should
be answered to assess the trade-off between
efficiency and selection time. These are:

e What are the factors that contribute to

an increase in selection time?

e What are the time requirements associ-
ated with each of these factors?

e Can we integrate this information with
the efficiency data to define a crossover
point between rate enhancement and
rate inhibition? '

While the definitive answers to these ques-
tions require further research, there is a sig-
nificant body of literature in the field of hu-
man-computer interaction (HCI) that can be
applied today, as demonstrated below.

Factors affecting selection time

Use of a word prediction feature requires
additional cognitive and perceptual pro-
cesses, and these are the major contributors
to the increase in selection time. Processes
that are frequently cited include the visual
search of the prediction list and the subse-
quent decision about whether the list con-

tains the desired word."'»!5 The time re-
quired to determine whether the word is in
the list will also be affected by memory abili-
ties (the ability to remember if a word is
there, rather than explicitly searching for it)
and judgment abilities (the ability to develop
a sense for the likelihood of a word’s being
there).

An often-overlooked source of cognitive
load is the executive processing involved in
planning use strategies and guiding overall
activity.!>? For example, the user may spend
time deciding whether to search the list at all.
Not all users will employ this strategy, choos-
ing instead either to search every time or not
at all; however, many users may adjust their
use of word prediction according to their per-
ception of the recent success of the predic-
tive algorithm.!> As a second example, some
users may exhibit noticeable delays if the
word is not found in the list, which may cor-
respond to the processing required to shift at-
tention from a task of recognition to one of
text generation.!s

Associated time requirements

The times required for each of these com-
ponent actions may vary widely between aug-
mentative communication users and may be
substantially affected by cognitive and per-
ceptual impairment. However, many of these
processes can be quantified by the experi-
mental performance of able-bodied subjects
to provide a “best-case” baseline. Such perfor-
mance times can be expected to apply to aug-
mentative communication system users who
have cognitive and perceptual abilities within
normal limits, while providing an upper limit
for those with cognitive/perceptual limita-
tions.

Several HCI studies?!?? have been per-
formed on the visual search of lists, in which
subjects search for a given target word and
make some motor response to choose the tar-
get. The response times reported, when cor-



rected for the motor time, provide estimates
of the time spent in visual search and target
recognition. For short lists (around 5 items),
ordered either alphabetically or by frequency
of use, search times after some practice are
1.0 to 1.5 seconds?"?2 and may be expected to
increase logarithmically if more items are
added to the list.?! With substantial practice,
it may be possible to achieve search times of
0.5 seconds, although this estimate has not
been validated empirically.!

The other cognitive processes discussed
above are not as directly quantifiable, al-
though relevant HCI work can supply ap-
proximations here as well. First, since the
user of a word prediction system is faced with
a choice of text-generation methods (either
to search the list or ignore it), the times mea-
sured for choosing between methods in other
domains indicate how long this decision
might take. In a study of expert spreadsheet
users, subjects consistently took an average
of 1,76 seconds to choose whether to type or
point to cells in entering a formula.?® Another
study has estimated that cognitive processing
of this type takes 0.62 to 1.35 seconds.'® Sec-
ond, the amount of time required to shift at-
tention from word recognition to text genera-
tion can be estimated by using an established
model of human information processing.!?
While the details of the model are beyond the
scope of this article, the cognitive shifting
task can be considered to require one cycle of
the “cognitive processor,” or about 0.1 sec-
onds, for a skilled user without cognitive defi-
cits. These specific estimates are essentially
informed guesses at this point. Nevertheless,
the basic concept, that unobservable cogni-
tive processes take measurable and some-
times lengthy amounts of time, has been well-
validated in studies of HCI.1920.2

Finding the crossover point

Crossover point refers to the point at
which the decrease in time for motor actions
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is exactly the same as the increase in time for
cognitive and perceptual tasks, resulting in
no net improvement in performance. Once
the crossover point is known, it is possible to
determine whether a particular situation devi-
ates from it, and in what direction. One ap-
proach to finding the crossover point is to
gather more empirical data on users’ speed
with and without word prediction and to at-
tempt to draw some general conclusions on
the basis of the results. However, while this
approach may successfully determine cross-
over points for specific user and system char-
acteristics, it cannot make predictions about
how changes in either the user or the system
will affect the crossover point.

A more comprehensive approach attempts
to create a model (analytical framework) that
integrates system and user factors and sup-
ports the simulation of unlimited user-system
combinations. The following analysis pro-
vides an example of a simple modeling ap-
proach using the timing parameters esti-
mated above.

First, for a keyboard-based letters-only sys-
tem, text entry speed can be estimated at
(5.7)(Tw) seconds per word, given 5.7 letters
per word and Tk as the user's average key
press time. If word prediction is added, with a
keystroke savings of 50%, text entry speed
becomes (2.85)(Tcp + Tx), where Tcp is the
time spent on cognition and perception for
each selection. Assuming Tx is the same for
both systems, the equations predict that the
letters-only system will be faster when:

BG. 7K < (2.85)(Tep + Ti) or Tk < Tep

By using best-case timing values, and as-
suming all processes occur in series," Tcp is
1.22 seconds, which implies that word pre-
diction with 50% keystroke savings will not
enhance the rate for individuals whose key
press time is less than 1,22 seconds.

To show the power of this approach, the
model can now be used to analyze the cross-
over point for a word prediction system of
any efficiency. For example, given a system
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that provides a 30% keystroke savings, the
model predicts that the letters-only system
will be faster when:

G.7(T < (H(Tep + TiO 0r T < (2.35) Tep
This implies that, with Tcp equal to 1.22 sec-
onds and 30% keystroke savings, word predic-
tion will not enhance the rate for individuals
whose key press time is less than 2.88 sec-
onds.

Note that these examples are only a theo-
retical illustration of the approach, and con-
tinued research is necessary before specific
values can be applied in practice. Other types
of analytical modeling techniques have pro-
vided similarly interesting results, 181!

DISCUSSION

The examples presented illustrate the gen-
eral premise that, as an assistive technology
interface is “enhanced” to accommodate mo-
tor impairment or increase system capability,
there is usually an increase in cognitive and
perceptual requirements that may negatively
affect user performance. A major implication
is the need to broaden the focus of assistive
technology research to include a major effort
geared towards understanding user-system
interaction in addition to system develop-
ment.? This implication, while generally ap-
plicable to all populations of assistive technol-
ogy users, has especially important meaning
for users with cognitive impairment. It is of-
ten very difficult to assess the trade-offs in-
volved in using interface techniques for im-
proved performance. The interplay of
learning with user performance further com-
plicates the issue, since a substantial amount
of user experience may be required before
performance can be assessed adequately.

The modeling example presented illus-
trates a potentially valuable approach to fur-
ther understanding of user performance.
Critical evaluation of such modeling ap-
proaches should be made, however, before
any final conclusions are drawn. A specific

evaluation of the word prediction model pre-
sented can be used to identify important con-
siderations in this respect. Specific questions
that need attention in this model include:

e Do users actually perform all the pro-
cesses discussed above? If not, why not?

e How much time does each process really
take? What is the individual variation?

e How do the times add up? Are processes
performed serially, or partially in paral-
lel?

¢ How well do model simulations predict
actual performance?

Answers to these questions require a great
deal of empirical measurement and observa-
tion. The key point is that, in addition to mea-
suring the overall performance, we assess the
individual contributions of the component
actions that produce that performance, in or-
der to build a foundation for general analytic
and modeling techniques. :

Although much research remains to be
done, these ideals have practical implications
today. For clinicians and users, an awareness
of the cognitive and perceptual costs that
may be introduced with an assistive technol-
ogy interface provides an important balance
to manufacturers’ claims and can help the
user make a more informed decision. For sys-
tem developers, application of the ideas
within the relevant HCI literature can result
in significant design improvements.

An important limitation of the model pre-
sented is that, while its primary focus is one
aspect of performance (ie, text entry rate),
there are numerous additional factors that de-
termine the ultimate success of an augmenta-
tive communication system or, similarly, any
assistive technology system. For example, us-
ers may express preference for a word predic-
tion system because it helps their spelling, re-
gardless of its effects on sheer speed.!4!5
Moreover, improving physical efficiency may
reduce fatigue for some users, allowing them
to work longer or more comfortably. The op-



timal mix of text accuracy, user fatigue, and
communication speed depends greatly on the
specific goals and abilities of the user, and
achieving this optimal mix requires a com-
bined effort by clinician and user. However, a
framework that provides an understanding of
the factors that determine text entry speed
and predicts the speed that may be accom-
plished with practice provides a significant
contribution to this effort.

More generally, there is a great need for
improved understanding and prediction of
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