


one machine can do, all machines can
do. Although this property is ex-
tremely convenient in many respects,
it implies the lack of an « priori limit
on the functionality of computers,
which feeds ever-expanding expecta-
tions for their capabilities.

The construction of computing
artifacts s not strongly coupled o
theoretical computer science. Unlike
the more traditional sciences (e.g.,
physics) in which the imterplay and
coupling between experiment and
theory ave rather tight, an experiment
in ECSE generally does not verify a
prediction from theoretical computer
science or rely heavily on a model
developed theoretically. The reason
is that the complexity of most real
computing problems precludes the
direct application ol analysis: a prob-
lem can be made theoretically tracta-
ble only by abstracting so extensively
that the emerging problem may not
capture the essence of the original
problem.

Because ECSE is strongly coupled
to technology, the availability of a
given technology may well determine
the feasibility of a good and innova-
tive idea. The use of cutting-edge
technology for a project subjects it to
hazards such as instability, errvors,
and delays, whereas the use of a sta-
ble, mature technology carries the
risk of obsolescence before the proj-
ect is finished.

The characteristics of ECSE have a
major impact on how ECSE faculty
must go about their work. An aca-
demic career in ECSE resembles one
in other science or engineering disci-
plines only in outline (including
teaching, advising students, writing
papers and proposals, conducting
rescarch, serving on committees, and
so on). The most substantive differ-
ence, perhaps, concerns how re-
search is evaluated. Because FCSE is
fundamentally a synthetic discipline,
it is straightforward to create a new
computational phenomenon or an
alternate implementation of a con-
cept. Yet doing so does not automati-
cally constitute an intellectual contri-
bution. Rather, whatever has been
created must be shown to be better
than some alternative.

In rvesearch in theoretical com-
puter science, the key question is,
“Has the proposition been proved?”

Just

In contrast, the key questions in eval-
uating ECSE research include, “Does
the idea provide a new and more use-
ful capability or greater functionality?

.

Is it faster or more efficientz” The
accompanying sidebar describes how
the mouse—a device for human-
computer interaction—can be evalu-
ated in these terms and is thus found
to be a success story in ECSE re-
search. Other artfacts that emerge
from ECSE research may not have
had as illustrious a history, but they
can also be significant.

Artifacts in a prool-of-performance
role demonstrate they are better be-
cause they are objectively faster or
consume fewer resources. But it may
be more difficult to prove the greater
worth of artifacts serving a proof-of-
concept or a proof-of-existence role,
because the advancement may be
qualitative, as in increased functional-
ity. In this context, what is considered
beuer may depend on  subjective
human judgments.

The production of computing arti-
facts depends on a substantial infra-
structure, Equipment needs are gen-
erally well understood, although few
outside the computer fields realize
how quickly  state-of-the-art
equipment loses its cutting edge and
utility for research. Equipment also
requires space that must generally be
specially equipped with power and
air-conditioning capacity not found
in standard office or teaching space.
Experimental software systems olien
require dedicated or special-purpose
hardware and cannot make use of the
general-purpose computing environ-
ment that already exists i the de-
partment, school, or university.

Advanced graduate students are
critical to ECSE research. Systems
projects involve a great deal of de-
tailed design and implementation,
and because the artifacts involved in
ECSE research must by definition be
created from concepts (rather than
blueprints), the students constructing
them must have appropriate back-
ground, skills, and knowledge.

Larger ECSE projects require sup-

port from technicians and other staff

who maintain the research environ-
ment and provide mmplementation
assistance. Such staff free graduate
students to focus more of their time
on the intellectually significant parts

88 i 1994/V0137, No.t COMMUNICATIONS OF THE ACM

of the implementation project and
less on the more routine or lower-
level (although necessary) compo-
nents of system building.

Large- or even medium-scale
ECSE research also requires collabo-
rative or team effort, and all scales of
research are likely to incorporate the
previous efforts of others. Research-
ers can save valuable time and re-
sources by using public domain and
even commercial system components.
More important, an individual re-
searcher can have more impact by
working with a team than would be
possible by working alone and from
seratch. Espeaially for large efforts,
collaboration is essential because the
subsystems of an artifact are often so
specialized that other experuse is
needed.

Funding, which is important to
researchers in any field, must be suffi-
clent to cover the long time horizons
and large demands on resources that
characterize  ECSE  rescarch. How-
ever, programs intended to support
junior faculty who have not vet estab-
lished their professional reputations
(e.g., the NSF Young Investigator
program and the Research Initiation
Awards program ol the Computer
and Information Science and Engi-
neering Directorate of NSF) are
highly competitive, and so only a tew
faculty members receive such support
in their first year after graduation.
Thus, new ECSE faculty are not likely
to have research support based on
their own research ideas during the
carly years of their careers and may
well have to rely during this time on
“start-up” funding provided by the
hiring school.

Finally, the ume demands on
ECSE faculty are inflated by the na-
ture of the field. For example, given
the time needed to build a research
team and a laboratory, even a very
good assistant professor in ECSE may
have only one completed Ph.D. stu-
dent and/or one major completed
project before a tenure decision is
made. Because the dissemination of
artifacts  is an medium
through which research knowledge
in ECSE diffuses into the community,
the six-year probationary period for
an assistant professor may be too
short to establish a reputation in the

field.
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