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I. The workshop should encourage the NSF and other funding agencies to take a broad, expansive and inclusive
view of design, incorporating a diversity of ideas, models and representations.

Drawn too narrowly, the notion of a “Science of Design” may be counterproductive. The engineering
design community has recently gone through some major controversy, including the breakup of a
new Gordon Conference series on the “Science of Design” because of an attempt to define “good
science” as that which could be supported axiomatically and could be reduced to economic decision
theory (e.g., von Neumann and Morgenstern, Arrow). Such a reductionist approach is inherently
contradictory because design is very much a synthetic endeavor. Much of what we do is heuristic (and
can be modeled or represented declaratively rather than procedurally). Much of design thinking,
work and research is in this mode. Further, as a result of modeling how people think while designing,
we have developed teachable models of doing design. It is not that formal mathematics (and decision
theory) have no role in the science of design; but they should not have an exclusive role because much
of what people do is not susceptible to mathematical modeling. Similarly, we should be cautious
about correlations since there is a very human tendency to confuse correlations with causality.

II. More can be done in terms of computational modeling of engineering design tasks through integration at the
representational level.

Programming styles based on symbolic representation allow the representation of significantly
different engineering knowledge — especially descriptive, heuristic, and causal knowledge — that
cannot be expressed algorithmically. The integration of numerical, graphical and symbolic
programming provides the opportunity to incorporate into computer-based tools knowledge that is
far deeper and far broader than what was available through traditional numerical tools. These kinds
of knowledge include disciplinary fundamentals, specific modeling knowledge, different abstractions
of behavior, heuristic knowledge derived from practice and specifications, and meta-knowledge
about how and where to invoke the other kinds of knowledge.  Thus, there exists the opportunity to
identify and integrate the different kinds of knowledge we bring to bear in doing engineering, to
identify the appropriate representations for these knowledge types, and to integrate them into a
powerful computational engineering modeling environment.

III. Basic conceptual design principles and methods should be a fundamental element of basic software engineering
courses, if they’re not already included.

I’ve long argued that every first-year engineering student should take a course in engineering design,
and such courses are becoming more widely taught. I assume that software engineering is about
designing computer codes that achieve articulated objectives by performing specified functions,
within constraints? If that is the case, then basic conceptual design principles should be a
fundamental element of basic software engineering courses, if they’re not already included. It is
reasonably likely that when Simon so famously said, “Design is the distinguishing feature of
engineering,” he would have included software engineering!

It is worth reinforcing a point made in this connection by David Parnas. Engineers do not
normally start with clear statements of objectives and constraints. Their initial design work aims at
producing such a statement because it is a key step on the way to a final design. In our first-year
design course, we note that clients often pose their “problems” in a problem statement that may:
contain biases and errors, be incomplete, or imply solutions. Thus, designers must first review and
revise the client’s problem statement, and conduct further interviews and research to elicit a deeper
understanding of the problem that is expressed in a revised problem statement and in subsequent
lists of objectives and of constraints.
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