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about their use are preliminary at this time. The idea be-
hind the remote andio and video is that neurophysiologists and
neurosurgeons can make better use of their time in their offices
monitoring multiple operations, or working on other tasks such
as research, taking calls from patients, or attending meetings.
They will also be able to remotely monitor operations in other
ORs from the OR they happen to be in at a given time. Using
the remote monitoring, neurophysiologists and neurosurgeons
should be able to simultaneously monitor a larger number of
operations, spreading scarce expertise over a greater area and
making more efficient use of their time.

What kinds of information do the video and audio provide to
neurophysiologists? The remote video provides the kind of
information provided by the video within the OR, as described
above. Neurophysiologists can interpret the graphic data more
easily with the addition of the video information, anticipate
what will happen next in the surgery, and generally keep track
of what is going on in the surgery at a particular moment. For
example, one neurophysiologist explained:

Neurophysiologist: [One time I was watching the remote video and]
I could see that the surgeon was in trouble, that he was having a
problem, like there was a big bleed, for instance. Then I would go to
the operating room.

The remote audio provides additional information from two
sources: (1) what is being said in the OR, (2) the overall
atmosphere in the OR. Together, the audio and video provide
a much more complete picture of OR activity than the plotted
line graphs alone:

Neurophysiologist: When you look at the computer data by itself
[from a remote location], it seems to be one dimensional. When you
add the rest of it [audio and video], you get a very rich picture of
what’s going on [in the OR].

The audio information is very important in the remote situa-
tion. The neurosurgeon often explains what he is doing or dis-
cusses his anticipated actions with the other neurosurgeon(s).
Anesthesia personnel discuss the patient’s physiological func-
tion. This information is useful to the neurophysiologist: the
progress of and plans for the operation revealed by the com-
ments of the neurosurgeons, and physiological data revealed
by the comments of the anesthesia team, help him to interpret
the neurophysiological data he is looking at, and to anticipate
what will happen next.

In many cases, the neurophysiologistactually has better access
to what is being said when he is in a remote location than when
he is in the OR. Within the OR, it is sometimes difficult to
hear clearly some of what is being said because of the noise
of equipment and random conversations. There may even be
a radio playing. Listening to the audio in a remote location,
by contrast, one gets a clear transmission of what the neuro-
surgeons and the anesthesia personnel are saying, as they are
positioned closest to the microscope (on which the microphone
is mounted). One neurophysiologist explained:

Neurophysiologist: In fact, the audio is better over the network than
it is in the operating room because you can’t hear what the surgeons
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are saying in the operating room so ...if you don’t know the case,
you kind of guess what they’re doing. With the audio, you know
exactly what they are doing. ... Because they talk to each other about
the steps they are going to take. So you can really anticipate what
potentially might happen.

This is an example of “beyond being there” [8] where at least
one aspect of being remote is preferable to being co-located.

The audio also allows the remotely located neurophysiologist
to hear what the neurotechnician is telling the surgeon, and
how the surgeon responds to that information. The neurophys-
iologist can see for himself what the neurotechnician sees on
the graphs, but the response of the neurosurgeon is very im-
portant — does he reply that he’s not doing anything that might
be causing a problem, that he doesn’t understand the response,
that he will change an action he is taking, or say nothing? Or,
the neurophysiologist may not agree with what he hears the
neurotechnician tell the surgeon:

Neurophysiologist: In that case, I heard the technician say something
to the surgeon that I didn’t agree with . . . [He] said there was a change
in the response. There wasn’t.

Interviewer: ... So what did you do, you called?
Neurophysiologist: Called right away . . . Told the surgeon there was
no change.

Here the audio information directly influences the neurophysi-
ologist’s behavior: he telephones the OR to provide a different
interpretation of the neurophysiological data than that given by
the neurotechnician.

Other audio information provides an overall impression of the
atmosphere in the OR. The surgeon’s voice may sound nervous,
or there may be a dead silence indicating a tense moment in
the operation. As one neurophysiologist said:

Neurophysiologist: The microphone is very close to the surgeon so
I can really get a good feeling for whether he feels like the case 1s
going well or not. ...you can hear it from his voice. You can hear
how much activity is in the room, whether the people are scrambling.

Again, this information influences the neurophysiologist’s be-
havior, in this case his decision as to whether to go to the OR
from his office:

Neurophysiologist: Well, if people are agitating, there’s a lot going
on. I probably would have a much lower threshold for going to the
room because I'm alerted then that there’s something going on in the
room, and that’s maybe an opportunity for me to make a significant
contribution.

Our preliminary findings indicate that the information from
the remote multimedia sources concerning the course of the
surgery, the surgeon’s observed and anticipated actions, the
content of key comments made by personnel such as the neu-
rotechnician, and the overall atmosphere in the OR allow the
remotely located neurophysiologist to perform his job more ef-
ficiently and effectively. He can better plan and coordinate his
visits to the OR because he has richer information with which
to decide when he needs to visit a particular OR, or whether
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he wants to place a telephone call. If he does need to go to the
OR, he arrives with better information about the status of the
operation. If the neurophysiologistis communicating with the
neurotechnician via the telephone, again he has a better idea of
what is happening in the operation if he has the video and audio
data in addition to the graphs of neurophysiological function.

The use of remote multimedia facilities does not eliminate
the need for neurophysiologists to be physically present in the
OR for at least part of the operation. Rather, it re-distributes
their allocation of time across ORs, their offices and other
locations in the hospital such as conference rooms. The use of
multimedia appears to give neurophysiologists more flexibility
to move about the hospital on an as-needed basis, rather than
to stay tied exclusively to a small number of ORs.

Discussion

We were struck by the extent to which the use of video-as-data
in the operating room and in remote locations serves a number
of highly varied functions. The overall goal of the video is
to provide a window into the unseeable world of the surgical
field, but the uses to which the surgical information is put, and
the way the information is gathered, vary greatly depending
on the specific tasks associated with the differing roles within
the operating room or remote offices. As we have seen, the
video image can coordinate fast-paced exchanges of instru-
ments and supplies between neurosurgeon and scrub nurse; it
can serve as a means of maintaining attention and focus over
long stretches of time during which some OR personnel are
relatively inactive; it helps OR personnel to choose the correct
action or interpretation depending on the event portrayed in the
video; it educates a variety of medical personnel; and the video
plus audio may allow neurophysiologists and neurosurgeons to
decide when their presence is needed in the OR from a remote
location. The use of video in neurosurgery shows the utility
of one well-chosen artifact, and the many activities it permits
and coordinates. It demonstrates the utility of video-as-data,
in contrast to telepresence video.

Looking more closely, we see that the use of video in the neu-
rosurgical context is quite different than some of our standard
notions of what it means to support collaborative work; rather
than facilitating direct interpersonal communication (as many
CSCW systems are intended to do), in many crucial instances,
the video permits individuals to work independently, actually
obviating or reducing the need for interpersonal communica-
tion. The video supplies enough information so that the need
for interpersonal communication is reduced or eliminated, and
individuals can figure out what they need to know based on
the video itself, circumventing the need to talk to or gesture
at someone. Thus we may find that in settings where video
is data, the provision of visual information at key moments
provides a different channel of communication than that which
would be provided through verbal, gestural or written commu-
nication. Rather than facilitating collaboration through inter-
personal interaction, the video itself informs OR personnel of
the collaboration — in the sense of tasks that need to be per-
formed to advance the work — that is needed. Collaborationand
coordination are enabled as each member of the neurosurgery
team interprets the visual information, and proceeds to do his

or her job based upon an interpretation of that information.
The video data, plus individual knowledge and understanding,
combine to produce an interpretation that leads to the desired
collaboration, with little or no interpersonal interaction.

In other cases, the content of the video image becomes the
basis for discussion and interaction, another aspect of its use
as a shared workspace. For example, we observed a nurse-
anesthetist in the OR watching the video with a student nurse-
anesthetist and describing to her the progress of the operation.
Indeed, we ourselves profited from explanations in which the
video was a key point of reference as OR personnel educated
us about many aspects of neurosurgery. Visitors, residents,
fellows, etc. also discuss what is being shown on the video
monitor.

Our findings about the importance of the on-going use of video-
as-data in a real work setting with demanding requirements
(as opposed to brief experiments or testing within research
labs) should encourage us to pursue our understanding of how
video-as-data can be extended and used in other work settings.
Within medicine, video is used in many kinds of surgery in-
cluding orthopedic surgery and general surgery that employs
micro-procedures. Non-medical applications of video-as-data
could include monitoring and diagnostic tasks in complex me-
chanical or electrical systems such as the Space Station, power
plants, or automated factories; and training for many aspects
of using, designing, monitoring and repairing such systems.
Wang, a computer and instrument manufacturer, uses video to
train people in the use of their equipment [4], and it is easy
to imagine many training applications for video-as-data. Real
estate agents might show properties remotely, and attorneys
are making increasing use of video data in courtroom presen-
tations. There is a large number of potential applications for
video-as-data.

Video-as-dala may change our sense of what it means to be
“remote” or “co-located.” In the OR, even though people are
co-located, the surgical field is remote, because it is invisible
to anyone not looking directly through the microscope. The
surgical field is accessible only through the video to most OR
personnel. Thus it is not necessarily the location of people that
is important in the video-as-data situation, but rather of the
workspace. Aural information in the OR, on the other hand, is
not remote, so we have a situation in which the aural and visual
do not share the same valence on the dimension of co-location.
One can imagine other such situations; for example the repair
of a delicate piece of machinery with many small parts might
be a situation in which a view of the workspace is remote,
while aural information is not. For neurosurgery, we also have
a‘“beyond being there” situation in which the aural information
may be richer in the remote location, via broadcast audio, as we
described for the remote audio used by the neurophysiologists.

Future Directions
In this paper, we have concentrated on the use of live video,
but many important extensions to video-as-data lie in recorded

video.

In the medical application that we studied, recorded video is
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already used for classroom teaching and to review events in
past operations. Integration of video with other computerized
time-based data is the next step. Uniform storage, access, and
presentation methods for data will be needed. Means of vi-
sualizing complex relationships between datasets of varying
types will provided added value. Informants in the study who
have research interests underscored the need for future tools
that will allow for the synchronization of video with other data
sources, in particular the instrument data relevant to a partic-
ular specialty. Anesthesiologists, for example, would want to
see the video synchronized with the physiological data they
monitor such as blood pressure, blood gases, heart rate, pulse,
temperature. They might want to do this during an opera-
tion, with video and instrument data they had just recorded.
Neurophysiologists want to see video synchronized with the
many measures of nerve and muscle response that they mon-
itor. In general, users want to be able to “scroll through” a
video/instrument dataset, finding a particular video or instru-
ment event or time, so that they can view all related data for
the event or time.

Integration of video-as-data with other data sources would also
be useful in many applications for training, legal and archival
purposes. Potential users of such video technology will want
to be able to edit, browse, search, annotate, overlay, highlight,
and display video data.

Whether such extensions to video-as-data will be cost-effective
remains to be seen; video is an expensive technology. Cur-
rent applications of video-as-data such as the present study,
the power plant applications described by Tani et al. [16],
and Kuzuoka’s work [10] suggest that there is tremendous
potential for video to enhance collaborative work. Future re-
search should go beyond talking heads to recognize the value
of video-as-data, and should be concerned with offering good
video utility in a cost-effective manner.
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