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problem solving [7]. If events do not occur in the
expected order, the person may not be able to recover by
finding alternative ways to accomplish a task. In most
cases, this limitation is shared by technology. However,
artificial intelligence (AI) systems can adjust plans and
instructional sequences in response to unexpected events
or user confusion by reasoning about the constraints that
specify the sequencing of steps in the plan or instruction,
thus providing problem solving support for people with
cognitive disabilities.

A number of devices and systems have been devel-
oped to provide reminders of scheduled events [8]. Typi-
cally, schedule data and the user interface exist on a
single machine, such as a personal digital assistant
(PDA). Most such devices do not provide for access to
remote servers or distributed users and essentially func-
tion as an alarm clock. These devices and systems pro-
vide a single cue to remind the user to perform a given
task, without providing a method for performing the task.

Several systems do provide some separation of the
schedule data from the user interface. The ISAAC™
(Cogent Systems, Inc; Ft. Lauderdale, Florida) [9] and
Jogger™ (Independent Concepts, Inc; Ambridge, Penn-
sylvania) [10] systems allow a clinician to create the
user’s schedule on one computer then download it to the
user’s device (e.g., downloading from a desktop com-
puter to a PDA). The Jogger further allows for uploading
patient activity response information from the PDA to the
therapist’s computer for outcomes tracking and analysis.
The NeuroPage [11] and CellMinder (Institute for Cogni-
tive Prosthetics; Bala Cynwyd, Pennsylvania) provide
scheduling information remotely over a pager and cellular
telephone, respectively.

Some systems, such as MAPS [12] and the Pocket
Coach (AbleLink Technologies; Colorado Springs, Colo-
rado) [6] provide step-by-step task guidance instead of
scheduling assistance. Others have proposed combining
the concept of task guidance with the separation of task
data and the user interface [13].

Prior work in interactive task guidance for individu-
als with cognitive disabilities includes the COGORTH
(from COGnition ORTHosis) programming language.
COGORTH allows a clinician to design tasks for the cli-
ent, including cues that would be displayed on a com-
puter screen. These cues can be used to provide
information about how to complete an activity, recover
from errors or interruptions, and perform multiple activi-
ties simultaneously. In a series of studies, participants

with memory impairments were able to perform tasks
with reduced occurrence and severity of errors when
receiving COGORTH cues, compared with a baseline
condition with only written cues [14–15].

More recently, Kirsch et al. completed a feasibility
study examining the effectiveness of alphanumeric paging
for reminding [16]. This work used an e-mail and sched-
uling application (Groupwise©, Novell; Waltham, Massa-
chusetts) to develop a prototype messaging system that
was modifiable in real time. Specifically, Groupwise was
used to send alphanumeric pages to a person with a TBI,
with cues about making entries in a memory log. An ABA′
single-case design was used for the study. During prepager
trials, the participant was reminded at the beginning of
the day to make entries in his memory log when each
therapy session concluded. During pager trials, he
received an alphanumeric page 5 min before the end of
every therapy session reminding him to write in his log,
and during postpager trials, he again was asked to rely
only on a verbal cue. Memory log entries increased dra-
matically during pager trials. Return to baseline was
achieved (with some data overlap between conditions),
suggesting that without ongoing intervention the memory
log could not be maintained.

The Planning and Execution Assistant and Training
(PEAT) System (Attention Control Systems, Inc; Moun-
tain View, California) is a commercially available system
that uses AI to automatically generate daily plans and to
replan in response to unexpected events. Using manually
entered appointments in conjunction with a library of
ADL scripts, PEAT generates the best plan to complete
all the required steps and assists with plan execution by
using visual and auditory cues that alert the user to sched-
uled appointments. The user provides input to the device
when a task has been completed or if more time is
required to complete the task [7].

AI is also used for cognitive assistive technology by
the Cognitive Orthosis for Assisting Activities in the
Home (COACH) [17], an adaptable device to help people
with dementia complete handwashing with less depen-
dence on a caregiver. The COACH used artificial neural
networks, plan recognition, and a single video camera
connected to a computer to automatically monitor
progress and provide prerecorded verbal prompts. It is
able to automatically adapt its cueing strategies accord-
ing to a user’s preferences and past performance of the
ADL and to play multiple levels of cue detail [17]. While
the COACH is able to provide sophisticated monitoring
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and adaptive task guidance for this given task (hand-
washing), training it for a new task can be time intensive.

Another system that reasons about when to provide
reminders is Autominder, which uses an automated planner
to schedule and track reminders [18] and can perform
operations such as allocating adequate time to complete
tasks, checking through interaction whether required
resources (e.g., tools) are available, and rescheduling
tasks when circumstances change such that insufficient
time is available to complete a task. Autominder incorpo-
rates a Plan Manager, which uses constraint-based tem-
poral reasoning to store the schedule of required tasks; a
Client Modeler, which makes inferences about events in
the world based on available sensor data; and a Reminder
Generator, which compares the user’s schedule with
sensed events to determine when a reminder is necessary.
This allows the system to provide reminders only when
they are needed and also allows for the user to remember
on his or her own without receiving an unnecessary
prompt. Autominder has been incorporated in the Per-
sonal Robotic Assistants for the Elderly (NurseBot)
project, which uses mobile robots as a platform to deliver
reminders and provide way-finding assistance [19].

The research described previously has addressed
scheduling assistance, distributed systems, interactive
task guidance, and adaptive planning. However, no sys-
tem has combined these capabilities to deploy a single
cohesive system for aiding people with cognitive impair-
ments. The goal of this study is to develop a single sys-
tem called ICue that takes a distributed approach for
providing both scheduling assistance and task guidance,
as well as intelligent automatic replanning of both the
schedule and the instructions for tasks in the schedule.
By housing the primary schedule maintenance and task-
guidance software on a central server, the user delivery
platform is hardware independent, allowing users to use
whatever hardware best fits their needs (e.g., laptop,
PDA, smart phone) or to use different hardware in differ-
ent settings (e.g., home, work, community). This distrib-
uted architecture also aids the caregiver in remotely
managing and monitoring client performance; the care-
giver or rehabilitation professional can adjust the client’s
schedule, track whether he or she is successfully com-
pleting daily tasks, and be informed of emergencies while
distant from the client. The system will further allow
two-way interaction between the client and the system. In
existing systems, the user simply acknowledges receipt
of one prompt to move on to the next prompt. Our system

will react to user input, adjusting task instructions or
schedules based on information gleaned from feedback
about the user’s situation and context, including whether
an activity or instruction has been completed or whether
additional time or instructions are needed. Instruction
sets will provide for branching from one instruction to
another, based on client responses, in addition to simple
sequential presentation of instructions. Using this feature,
a caregiver who is familiar with a client’s clinically
observed difficulties can incorporate contingency plan-
ning in the instruction set so that clients can avoid errors
or recover from them more effectively.

The architecture of ICue’s Cognition Manager
resembles the integration between deliberative and reac-
tive planning in 3T [20], a control architecture for mobile
robots and crew space systems [21–22]. In both cases,
deliberative planning software maintains an entire sched-
ule. Reactive planning software keeps track of the sched-
uled task(s) that are currently active and adjusts tasks in
reaction to new information (e.g., sensor data from a
robot or a user response). When a schedule item becomes
active, the deliberative planner passes the new goal to the
reactive planner. The reactive planner finds a task that
will accomplish the goal and begins to execute this task.
When the task is complete, the reactive planner provides
feedback to the deliberative planner indicating whether
the task was successful in achieving the goal. The 3T
approach has been used to track humans performing
tasks, specifically astronauts performing procedures [23],
but has not previously been used to provide instructional
assistance integrated with task tracking.

A prototype of the ICue system has been developed,
focusing on interactive task-guidance capabilities. Sched-
uling software has been developed but not fully inte-
grated with the task-guidance features. The system has
been preliminarily tested through simulated trials and
monitored use of the prototype in a clinical setting.

METHODS

Software Design
ICue was designed to allow a caregiver to organize a

client’s activities into a daily schedule and instruct the
client on how to perform activities in the schedule. ICue
has four components (Figure 1):
  • An Activity Assistant that guides a client through

instructions to perform daily tasks as they arise on his
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or her schedule. The Activity Assistant resides on the
server and delivers instructions to a standard Web
browser on the user’s computer or PDA.

  • A Design Assistant that aids a caregiver in defining
the steps within a task and creating a schedule of
multiple tasks. 

  • A Cognition Manager that (1) builds a client schedule
using information supplied by the caregiver and
(2) generates client instructions and monitors client
feedback using knowledge from task analyses
encoded by the caregiver and client feedback during
activity execution.

  • An Information Server that hosts the Cognition
Manager.
The Cognition Manager consists of a Schedule

Supervisor that builds and tracks activities in the client’s
schedule and an Instruction Sequencer that dynamically
constructs the sequence of steps needed to accomplish a
task. The Schedule Supervisor is a deliberative planner

based on the Adversarial Planner [24], originally devel-
oped for the military. The Instruction Sequencer is the
reactive planner developed using the Reactive Action
Package System (RAPS) [25], designed for use with
mobile robots. The Instruction Sequencer guides the cli-
ent in performing the currently active task, providing
subsequent steps as the user progresses through the task.
It can automatically alter the sequence of steps in
response to problems or based on client responses.

The Instruction Sequencer provides an instruction for
the current step of the ongoing task to the Activity Assis-
tant. Based on this information, the Activity Assistant
dynamically generates a Web page as a task cue to the
client. The cue can include text, a picture, speech, non-
speech audio information, or any combination of the
above. The Activity Assistant makes this dynamically
generated Web page available over the Internet. The cli-
ent receives the cue through the Web browser on his or
her computer, PDA, or other device with Internet access.

Figure 1.
Overview of ICue system. PDA = personal digital assistant, HTN = hierarchical task net.



509

LOPRESTI et al. Interactive task guidance
As the client progresses through the task, his or her Web
browser remains directed to the same Web address. The
Activity Assistant dynamically changes the web page at this
address to reflect the current step in the task as further
information is provided by the Cognition Manager. The
Activity Assistant also collects information based on the
client’s response and/or the passage of time, and returns
this information to the Cognition Manager for use in
selecting the next step. For example, if the user clicks a
button, the Cognition Manager will move to the appropri-
ate next step in the task and provide a corresponding cue
through the Activity Assistant. On the other hand, if a
preset time expires without a user response, the Cogni-
tion Manager will provide a follow-up instruction for the
same step or may end the task and record that it was not
successful.

A prototype of the Schedule Supervisor has been
implemented but has not been fully integrated with the
Instruction Sequencer. When integrated, the Schedule
Supervisor will track a client’s progress on the activities
in the schedule. When it is time for an activity to begin, it
will notify the client by launching the Instruction
Sequencer for the instruction corresponding to the activ-
ity. It marks a planned activity as initiated when the client
begins interacting with the Instruction Sequencer to per-
form the first instruction corresponding to the activity. It
marks a planned activity complete when the client exits
the final instruction normally. A planned activity is
marked as failed if the client fails to start the activity in a
timely manner or exits the activity abnormally. When an
activity is marked as failed, the Schedule Supervisor may
replan the remainder of the day by shifting the remaining
activities forward, unless they are constrained to a fixed
time (such as an appointment). If an activity runs over the
time allocated in the schedule, the Schedule Supervisor
can delay activities deemed less important. Such auto-
matic replanning is constrained to shifting activities to an
earlier time or canceling activities. The caregiver can
interact with the Schedule Supervisor to modify a client’s
schedule in other ways, such as reordering activities, add-
ing new activities, or planning beyond the end of the cur-
rent day.

The Design Assistant allows caregivers (rehabilita-
tion professionals, paraprofessionals, or family members)
to define the steps necessary to complete an activity. We
believe that most members of the target user population
for ICue will not be able to independently perform the
task design process and therefore a caregiver will per-

form task definition; however, the Design Assistant is
designed to be easily usable, and high-functioning clients
may be able to design their own tasks independently or
with clinician assistance. Even when a caregiver is the
primary task designer, client feedback will be necessary
to ensure that task cues are appropriate for the individual
client.

The Design Assistant provides a graphical editor for
defining, viewing, and adjusting the content and ordering
of the steps of an instruction as well as the presentation of
the instructional steps to the user. The caregiver has flexi-
bility to determine the level of detail for the task analysis,
since some users will benefit from high-level instructions
(e.g., “fry eggs”), while others will need more detailed
steps (“get out frying pan,” “crack eggs into pan,” “turn
burner to high heat,” etc.). The caregiver can define the
task steps at whatever level of detail is appropriate for the
client. The caregiver can also select both the modality of
prompts (text, pictures, vocal prompts, nonspeech
sounds) and the content (e.g., specific wording, pictures
of the user’s own bathroom). In addition to conveying
content (text, recorded speech, pictures), the caregiver
has the option to assign an alarm sound to a given step.
When the step becomes active, and whenever it repeats
due to lack of feedback from the user, the alarm will
sound to alert the user to check the device.

The Design Assistant was implemented in the Java
programming language. Figure 2 shows the user inter-
face for defining a task and the cue information for each
step in the task. The task title, expected duration, and list
of steps are shown on the left side of the screen. The right
side of the screen displays information for the selected
step. Here, the caregiver can define the cue for this step,
entering text and/or selecting appropriate picture and
sound files. The caregiver can choose to have multiple
cues for the same step. For example, the system might
first display a simple prompt, but if a certain amount of
time elapses, the system will present a second, more
detailed cue. The caregiver can define the amount of time
to allow between repeats. If the client still does not
respond after the final repeat, the caregiver can determine
whether the system will move to another step by default
or instead end the task. In addition, the caregiver can
define “user responses”—buttons that will appear on the
cue screen and allow the client to respond to the cue. The
caregiver can design these responses to allow the client to
indicate success (thus moving to the next step in the
task), a choice (e.g., what the client wants for breakfast)
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that will affect which step is selected next by the Cogni-
tion Manager, or a difficulty. Using these features, a care-
giver who is familiar with a client’s typical difficulties will
be able to incorporate contingency steps in the task so that
clients can recover from common errors.

Cue content, including cue text, button text, graphics,
and sound files, must be generated by the caregiver. Cue
and button text are entered directly into the Design Assis-
tant; graphics and sound files must be saved on the care-
giver’s computer and then opened within Design
Assistant. In a final product, it will be possible to provide
libraries of standard graphics and alarm sounds, and
including text-to-speech capabilities as an alternative to
recorded speech cues may be desirable. However, some
people with disabilities will need at least some customized

graphics (e.g., showing their stove, not just a generic
stove) and will respond more readily to a familiar recorded
voice rather than a computer-generated or generic
recorded voice. Future versions of the Design Assistant
could include support for taking photos and recording
sound files as an integral part of the task-design process.

Once the caregiver has defined the task and its steps,
he or she can save the task. The task structure defined
using the Design Assistant is translated into an extensible
markup language (XML) document. The XML document
is sent to the Information Server, where the task informa-
tion is stored as a RAPS procedure that can be used by
the Cognition Manager.

The Design Assistant will also allow the caregiver to
compose the client’s daily schedule. It combines automated

Figure 2.
ICue system Design Assistant user interface for entering task and cue information.












