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ABSTRACT

We describe the functional requirements and design
reasoning leading to a user-interface for an automated
clinical neurophysiological monitoring system. The
design provides a versatile, high-performance system in
which computer-naive users have access to functions
typically requiring dedicated training,

The system provides real-time data acquisition, signal
processing, and graphical output, specifically tailored
for the diagnosis and characterization of cases of
epilepsy. The development of a user-interface was
based on a collaborative effort, in which designers and
users worked with a common functional model, and
developed working metaphors for system operations. In
addition, an interactive screen was designed to
facilitate the management of multiple concurrent opera-
tions in an intuitive and easy to learn fashion.

KEYWORDS: User-Interface Design;Human-Computer
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Clinical Neurophysiology

INTRODUCTION

This report describes the design of a user-interface for
a real-time, clinical intensive neurophysiological monitor-
ing system. This system is used for a variety of time-
critical operations, and provides 24-hour per day,
7-day per week availability of data acquisition, signal
processing, and interactive graphics. These operations are
used in an epilepsy monitoring unit which is dedi-
cated to the detection, diagnosis, and treatment of
patients with refractory epilepsy. The system is based
on a 32-bit multiuser UNIX workstation with power-
ful graphics and processing capabilities.
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The user-interface design is significant in that it ad-
dresses critical issues which are often encountered in
the solution of complex, real-time operations support
systems. These problems are amplified by the medical
impact of any operational difficulties or failure to per-
form as expected. Although this design is focused on
a particular application in clinical medicine, many of
the approaches and methods should find general
relevance to complex systems which must be critical-
ly available, and serve a variety of users.

APPLICATION SPECIFICS

Epilepsy is a disorder of the brain characterized by
abnormal electrical discharges ("spikes") occurring over
relatively large areas of the brain. These discharges
are the result of aberrant synchronized neuronal ac-
tivity which, during a seizure, may trigger a variety
of clinical manifestations including loss of conscious-
ness, involuntary shaking of the limbs, language dys-
function, and loss of bladder and bowel control.

The goal of an epilepsy monitoring system is to
facilitate a diagnosis which leads to a plan of treat-
ment. Clinical data in the form of video tapes must
be combined with simultaneous electrophysiological
recordings to allow physicians to understand the na-
ture and extent of the disease in each patient. Can-
didate treatments include drug regimens and various
types of brain surgery. Since seizures occur sporadi-
cally and unpredictably, the system must continually
record detailed electrical activity [3].

Long-term monitoring for epilepsy requires placement of
a large number of electrodes (16 to 256, both outside
and inside the skull), the acquisition of multichannel
microvolt potentials such as the Electroencephalogram
(EEG), Electrooculogram (EOG), and Electromyogram
(EMG), signal processing to detect abnormalities, and
graphic plotting and mapping of detected activity. A
typical preliminary monitoring session for a patient
with intractable seizures might last 1 or 2 weeks, in-
volve the acquisition and processing of more than 20
billion bytes of data, and result in dozens of pages of
graphical and textual data.




CHI’89 PROCEEDINGS

MAY 1989

The specific goal of this project is to provide 7-day
per week, 24-hour per day computer-automated
neurophysiological monitoring, integrated into the
routine operation of a clinical neurophysiology section.
System users include EEG technologists, physicians
(neurology, pediatrics, residents), researchers, plus addi-
tional specialists. While the system is configured and
controlled by the EEG technical staff, data must be
made readily accessible in both real-time and
postprocessed form to all users, particularly the medi-
cal staff. Specifically, there is an intensive sequence of
viewing, evaluating, and interactive mapping of abnor-
mal activity, which is necessary for the development
of a sound clinical diagnosis and treatment plan [2].

A practical system must work with concepts readily
familiar to users, and must integrate naturally into
their other activities. These concepts include strip-chart
recorders, measurement instruments, EEG machines,
patients’ condition and states, and simple computer
ideas such as are found in word processors. Operators
are not familiar with computer notions such as files
and file systems, programs, processes, job control, or
sharedresources.

With a view toward long-term strength and stability
of the new system, a development team was chartered
within the organization of the clinical neurophysiology
section. The project was conceived and funded as an
integral part of the clinical mission, and there was a
committment to ongoing support of this structure.
This approach has been found invaluable to the suc-
cess of new computerized patient care management
systems, and has been well documented [4].

The success which we have experienced is largely due
to the fact that the user/machine interface has been
designed in collaboration with the user community. In
particular, we have used a variety of informal yet
crucial procedures [1] to arrive at key design decisions.
These include task analysis, user profiles, study of ex-
isting systems, joint definition of specific interfaces,
and interactive development of final code.

TOWARDS A MAN/MACHINE MODEL

Interviews and discussions with potential users
revealed that the system ought to wuse simple
metaphors describing the operation and status of the
subsystems, and that users would readily grasp and
work with well chosen models. Moreover, to facilitate
a user-guided design effort, the system developers
needed a set of concepts which could be used to ex-
plain design tradeoffs and describe operational details.
Finally, design reviews with the user group could not
be long or involved, since the the existing clinical
work load permitted only about an hour a week to
discuss these issues.

Early on, one of the designers commented that the
initial implementation would be a "Glorified Strip-
Chart Recorder," and that future functionality would
be built upon that foundation. To clarify this, two of
the designers developed a simple, yet precise block
diagram to illustrate the concept (Figure 1).

The functional block representation has a loose connec-
tion with the actual implementation (Figure 2), in that
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low-level functions are concentrated in a real-time
processing computer, while high-level functions reside
in the large UNIX workstation. An advantage of work-
ing with the functional representation, however, was
that it discouraged developers from using implementa-
tion-dependent terminology in the group meetings, and
that users were therefore not subjected to the as-
sociated jargon and cryptic details.

This analogy was well received by both the clinical
community and the development group, for several
reasons. Initially, it provided confidence that a compli-
cated design task was being approached from a top-
down, functional definition. Moreover, it was easy to
explain that the initial design would implement cer-
tain blocks more completely than others, and that con-
siderable work would initially go into certain
"invisible" features, such as the control subsystem and
the data storage loop, before more obvious features
such as graphics and hardcopy could be developed.

In addition, the functional block metaphor was found
to provide a basis for the detailed software architec-
ture of the system. A more complete, modular system
definition was achieved by replacing each of the
simple blocks with an average of 10 software modules.
Thus, the development job was partitioned into almost

100 well-defined functional blocks, each of whose be-
havior could be explained in the context of the en-
tire system. This exercise highlighted gaps in system
planning, and resulted in valuable additional thought
which completed the conceptual design.

MANAGING MULTIPLE OPERATIONS

The system supports many users; however, one
operator is designated as the system controller. This
operator, who is also a clinical EEG technologist
responsible for patient activities, sets up and controls
data acquisition, manages the signal database, and
oversees signal processing, storage, and printout of
critical abnormalities. Thus, all system control activities
are focused on one individual, who must keep many
things in mind at once. Other users are additionally
served with graphics viewing, annotation, and demand
printing functions. :

In addition to managing multiple tasks, the operator
must deal with concurrency. Data acquisition never
stops. Spike detection also runs continually, and must
keep up with acquisition. Since data storage is finite,
files are purged when they are no longer needed. At
any time, patients may be added ("admitted"), deleted
("discharged"), or suspended or resumed. If a patient
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has a seizure or other clinical episode, data must be
annotated, saved, and printed. Finally, there is an on-
going need to screen detected abnormalities, save and
print important data segments, and manage periodic
calibrations and system tests.

As an approach toward managing multitasking, plus
providing a consistent user interface, it was decided to
divide the control screen into several interactive
regions, which maintain a consistent usage for all tasks.
At any time, the screen contains a wide range of in-
formation serving a variety of purposes. In particular,
the operator must be able to both interact on a mo-
ment-to-moment basis, receiving immediate feedback,
and also be able to see the overall status of the sys-
tem, so as to understand the context and importance
of current actions.

CONTROLLING THE OVERALL SYSTEM

The control of the system, at a low level, involves
operations such as directory creation and deletion,
process initiation and termination, file management, in-
terprocess communication, and contrd queuing.
However, the clinical staff cannot deal with these
terms. All system control tasks have been defined in
familiar terms such as admitting and discharging
patients, turning rooms on and off, connecting
amplifiers, and viewing and saving records and
folders. In the course of developing these metaphors,
many seemingly simple issues had to be resolved, for
example, "does a room contain a patient, or does a
patient have an attribute of being in a room?". These
metaphors were developed concurrent with the design
of the underlying file and process structure, so that

users and developers could intelligently discuss
tradeoffs and limitations.

At one point, for example, it was determined that
patient data should be accessible even after the patient
was "discharged". From the system design standpoint,
this meant that certain purged files would have to be
restored, which created logical difficulties. The solution
was to provide the notion of an "examination room',
which was a file structure similar to a "monitoring
room", except that real-time data could not be ac-
quired.

Since the latter condition placed restrictions on file ac-
cess, the designers created the notion of "raw strip-
chart" data, distinct from "data placed in the patient’s
folder". When a patient is admitted to the examina-
tion room, the folder is available for viewing, but not
raw data. This distinction led to the solution of
another logical design problem, since it could be es-
tablished that all accepted records of important seg-
ments belonged in the folder which was now
organized by patient, in contrast to raw data which
was organized by room. Thus, two distinct directory
structures were planned, in a manner acceptable to
both the users and the designers (Figure 3).

DESIGN OF THE CONTROL SCREEN

In the design of the control screen, several key
decisions had to be made at the outset. Would the
screen be textual or graphical, would it be dialog-
oriented or pushbutton-oriented, and would it have
dynamic overlapping windows or a static presentation.
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Based on a combination of user discussions and per-
formance considerations, it was decided to focus the
user interface on a single 24x80 text screen, conserv-
ing graphics performance for the demands of signal
presentation on a companion graphics screen.

The use of an alphanumeric control console facilitated
further decisions regarding the interactive screen. It
was found that users were favorably disposed toward
use of dynamically screen-labeled function keys, since
these were currently used in word-processing and
scheduling software. Thus, the monitoring system could
be viewed as an extension of the other clinical com-
puting services, borrowing some of the same operation-
al features and idioms.

In order to support the full range of system func-
tions, the screen has to display information reflecting
both system input (control), and system output
(response). In addition, there is both immediate ("hot")
interactive dialog, and summary ("cold") status infor-
mation. Finally, there is a need for both scrolling and
nonscrolling areas, since dialogs and reports must scroll,
while status and commands fit best into fixed loca-
tions which can be refreshed as needed.

Based on considerations of eye movement and intui-
tive presentation, the screen is divided into six areas
which are arranged according to simple metaphors. Hot
information is at the bottom, near the keys and screen
labels. Cold information is at the top, where one
would expect to see status or summarics. Furthermore,
input information or dialogs are placed on the left,
while output or response fields are located on the
right. This leads to the screen layout shown in Figure
4. During normal usage, there is natural eye move-
ment from left to right, top to bottom. If supplemen-

ign

1

tary information is required, it is available in a con-
sistentlocation.

The screen layout solves several problems. The
decision of where to locate particular information be-
comes one of rational choice, not opinion. Once screen
regions are defined, designers and users can logically
discuss the best choices for particular implementations.
In addition, the modular screen design is reflected in
the coding of the major software control structures and
routines, facilitating efficient coding practices. Through
judicious naming of the subroutines and call syntax,
much of the interactive code becomes more readable,
to the extent of being self-documenting.

The positioning and labeling of programmable function
keys follow guidelines which ensure that keys will be
in expected locations, and that functions will behave
consistently in different operational modes. Additional
guidlines were followed to provide unambiguous use of
commands and report terminology, and to eliminate the
use of jargon or coined terminology, which might
create confusion for the operators [5].

Users adapt readily to the screen usage, and become
accustomed to finding relevant information in familiar
locations. Moreover, the two dialog areas provide a
dynamic feel for system operation, and a sense for
the sequences of important operations. By working
with the "dialog" area, users develop a rapport with
the system, and confidence in moving through com-
plex operations. By observing the "report” area, users
develop understanding and confidence in the underly-
ing operations of the machine, and learn to appreciate
the effects of their actions. Both scrolling regions are
logged to files, so that system usage can be reviewed
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after the fact. This facilitates user profiling, perfor-
mance studies, and problem resolution.

Figure 5 summarizes an EEG review session, in which
records are being visually reviewed and selectively
saved to the "folder". As the dialog proceeds, the
companion graphic display of EEG data is presented
in a format identical to the familiar paper records to
- which the staff has become accostomed. There is,
thus, continuity between the "old" ways of managing
patient information and the new methods which ex-
ploit automated computer control and storage.

CONCLUSION

This system is currently used for real-time, clinical in-
tensive neurophysiological monitoring. The laboratory
has a regular turnover of patients, and is managed
by a cooperative team of technologists, nurses, and
physicians. It is feasible to train users in real-time,
while the system is in use. Once novices become used
to the screen layout and the function-key philosophy,
an experienced user simply guides a mew operator
through the procedures, using task-oriented discussion
and prompting. There is no "training” phase per se;
new users actually operate the system on live patients
and data, under the watchful eye of their colleagues.

These real-world learning situatins focus the
developers on important functional capabilities and
limitations. Design problems and possible improvements
come to light continually, and the revision of the
operational interface is specified in user terms. Desig-
ners can readily grasp needed changes, and ongoing
discussions lead to the concepts which will be used

when defining, implementing, and controlling new
functions. In several instances, new functions have
been named and "designed" by users, so that a
software designer can rapidly implement a new
program which meets with immediate acceptance.
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Control Screen - EEG Review
| ROOM NAME STATUS AS OF SPIKE S2 ART CAL PRINT
1 Morrison, J ON. ACT 15:04:33 ON ON OFF AUTO AUTO
2 Baker, L. ON §SUS 17:22:21 ON OFF OFF AUTO AUTO
3 Reed, J ON ACT 18:10:42 OFF OFF OFF OFF OFF
4 Collins, P ON ACT 12:15:10 ON ON ON AUTO AUTO
REVIEW EEG Records: This Box contains 3 packs:
Searching For Data Records: FOUND # RECD: PGS: ACQUIRED:
Please select a pack: 2 1 09:07 152 Wed Sep 7 08:54:41
Plotting EEG 2 09:30 152 Wed Sep 7 09:19:45
Next page: 2 3 09:40 110 Wed Sep 7 09:29:49
Next page: 3 - e o e e e e e e
Next page: 4 Book 2 Opened
Next page: 5 Page 5 Saved in Folder for: J. Reed |
Save page Page 7 Saved in Folder for: J. Reed |
Next page: 6 |
Next page: 7 |
Save page |
|
%
PATIENT: 3: Reed, James STATUS: Ready for Command |
FUNCTION: REVIEW EEG RECORDS COMMAND: Please Input Command |
NEXT PREVIOUS SELECT ANNOTATE NEXT DISPLAY PRINT QUIT :
PAGE PAGE PAGE PAGE PATIENT CONTROL PAGES |
Figure 5
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