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The plethora of new biology-based technologies has sparked a frantic rush to
establish and enhance academic bioengineering programs in the U.S. The economic
boom of the 1990’s and the Whitaker Foundation, with its goals to contribute its entire
sizeable endowment to bioengineering projects and programs by the year 2006, enabled
bioengineering research and academic activity to reach an unparalleled frenzy in recent
years. However much good these pressures have been for the field, they may also have
kept bioengineering from emerging in an orderly and thoughtful way necessary for the
establishment of a truly independent engineering discipline.

What characterizes a discipline? There are two generally-accepted
characteristics: 1) a distinct body of knowledge, and 2) distinct methods. Of the two, the
body of knowledge is generally easier to define; methods require that the discipline
emerges from its nascent period. Without both of these, a new discipline is just an
extension of prior disciplines, and the new discipline may never achieve recognition as
being separate.

There are two basic categories of engineering discipline: 1) applications-based,
and 2) science-based. The first category defines the discipline by those served. For
example, mining engineering, agricultural engineering, and petroleum engineering are all
applications disciplines. The second category defines the discipline by its scientific
foundation. For example, mechanical engineering and chemical engineering are science-
based disciplines based upon mechanics (physics) and chemistry, respectively. Education
in an applications discipline is usually more specific and applied than that for the
fundamental science-based discipline.

It is not particularly clear whether bioengineering will become an applications
discipline or a science—based discipline. Much of biomedical engineering, constituting
the core of bioengineering, is applications-based. Biomedical engineering utilizes
knowledge and techniques from electrical, mechanical, or chemical engineering, and
applies them to the field of medicine.

Biological engineering, a term sometimes used synonymously with the term
bioengineering, is science-based, and requires a strong background in biology as well as
in engineering. It is recognized within biological engineering that unique solutions to
technical problems may as well come from the biological side of the discipline as from
the engineering side.

One big difference between these two is the loyalties, or identifications, of their
practitioners. Those who practice an applications discipline are likely to have studied a
more fundamental discipline and to retain their identification as part of the fundamental
discipline. Thus, many biomedical engineers who work with signal processing identify
themselves as electrical engineers. Many rehabilitation engineers still think of



themselves as mechanical engineers. When these practitioners work with a particular
application, they often do so with minimal knowledge of the system of application, and
they use the methods they were taught in their fundamental discipline.

Biological engineers, on the other hand, have a thorough and intrinsic knowledge
of biological systems. They are aware of nuances and expectations typical of biological
systems, and identify with no other discipline.

The trouble is that the formation of biological engineering (or bioengineering) has
not been completed. A body of knowledge has not been completely defined and unique
methods have not been identified. There are few true science-based bioengineers because
there is no pattern for automatically forming engineers with this type of education. The
students of today are being taught by the students of yesteryear, and those students were
taught in fields different from biology-based biological engineering. Thus, progress
toward a truly separate discipline with distinct bodies of knowledge and methods can
only be incremental.

There are many distractions hindering this process of development. To use a
biologically-based analogy, a new species can only emerge from isolation. Continued
interbreeding with established species only adds to the richness of the gene pool, but does
not lead to a new species (one trait of which is the inability to breed with other species).
Likewise, the establishment of a new discipline requires a certain isolation and reflection
on the vision of that discipline. In these days of unparalleled opportunity and
multidisciplinary research, that isolation is not occurring. Consequently, visions for the
bioengineering discipline are numerous, and often reflect the habits derived from the
many source disciplines that are now feeding into what we presently call bioengineering.

Thus, we see bioengineering described in terms of biomedical engineering, which
is engineering applied to medicine and health care. The biology in this vision is at the
organismal level, and specifically the human organism. We also see bioengineering
described in terms of cellular and tissue engineering, which is engineering applied to
living cells and tissues, including genetic engineering. This vision encompasses the
biotechnological and nonmedical applications, and is science-based up to the level of
tissues. We also see bioengineering described in terms of biological systems engineering,
which features biology and engineering as coequal foundations. This vision includes all
levels of biology, including the population interactions of ecology. Because the potential
applications are so numerous, this is a science-based vision.

And then there are hybrids of these approaches that combine them in different
ways. The U.S. National Institutes of Health promotes one of these: by its definition
bioengineering is an integration of “physical, chemical, or mathematical sciences and
engineering principles for the study of biology, medicine, behavior, or health. It
advances fundamental concepts, creates knowledge from the molecular to the organ
systems level, and develops innovative biologies, materials, processes, implants, devices,
and informatics approaches for the prevention, diagnosis, and treatment of disease, for
patient rehabilitation, and for improving health.”



There are opposing research directions that also influence this field.
Reductionism is the tendency to view a system on its smallest possible scale. In biology
this means that to understand organisms or populations of organisms one needs to
understand completely their functional genomics. Many of the present bioengineering
opportunities owe their importance to the reductionist approach.

On the other hand, other researchers are struggling to understand relations among
groups of organisms and to model ecological outcomes. This holistic systems view does
not presently view the system from its genetic base.

How do these two approaches affect bioengineering? They tend to pull it in two
different directions. There hasn’t been time nor the isolated reflection necessary to show
how these approaches fit together, and, as a consequence, bioengineering is still largely
undefined. At best we can say that the field is still being formed, or in a transitional state.

The present distraction posed by cellular and tissue bioengineering is particularly
strong. The opportunities are so vast that many educators have been lured into defining
bioengineering in terms of their research interests. The curricula that have resulted often
ignore the science of biology at levels higher than tissue. The term “bioengineering” is
often applied to this portion only of the field, and this largely applications-based usage is
often not distinguished from the more broadly-based scientific discipline usage of the
same word that is promoted by others.

Given some thought, it could be realized that the big distinction in biology occurs
at the cellular level. At or above that level, biological responses of cells or groups of
cells of any complexity are fundamentally similar. Below the cellular level can be
characterized as a chemical system. This discontinuity is closely analogous to that in
physics above and below the atomic level. Therefore, any bioengineering that does not
recognize the supercellular biological continuum is not the science-based discipline that
is separate and distinct.

As far as distinctive methods are concerned, there are few candidates from which
to choose. My own bias is to view the field of biology from a systems viewpoint.
Whether at a subcellular, cellular, tissue, organ, organism, or population level, biology
can be considered to be another system with input/output relationships that can be
anticipated as following certain general principles with some important exceptions.
Looked at this way, a biological system is a product both of its genetic basis and the
environment in which it finds itself. Thus, both reductionism and ecological systems
approaches have their contributions to make.

It is hard to say whether bioengineering will someday emerge as a separate and
distinct discipline. There are many influences from many sources that are tending to
keep the field from coalescing as a cohesive unit. Until that happens, there will not be
general agreement about a specific knowledge core, courses to offer, or typical academic
programs to design. And, without these, industrial or other employers will not be



completely sure about the capabilities of graduates from the 90 or so bioengineering
programs in the U.S.

Nonetheless, these are exciting times. The opportunities are great and the
contributions that an individual can make are numerous. We have a frenetic pace in the
field that is not waiting for a definition or a unique discipline to emerge. That will take
some time and a lot of reflective thought.



