
For Presentation at the 2003 ABET Annual Meeting 
Minneapolis, MN 
October 30-31, 2003 

Page 1 of 3 

 
Biological Engineering -- What will it be?  

Brahm P. Verma, Professor 
University of Georgia 

bverma@engr.uga.edu 
 
Engineering is a practical art learned from scientific knowledge, mathematical logic 
and experience from practice and design.  Engineers are primarily concerned with 
doing things. A theory to engineers is valued as a means to operational ends.  Thus 
engineers take results of scientific research and selectively transform scientific 
knowledge into engineering knowledge they need for solving problems.   
 
Since the beginning of civilization humans have attempted to devise ways to use and 
control nature’s materials for useful purposes.  However, the scientific discoveries 
and development of a mathematical language are two foundational advancements 
that give form to the modern engineering discipline. 
 
Regardless of the path of development, today all branches of engineering disciplines 
have a common worldview.  Engineering sciences developed from the knowledge of 
natural sciences and a mathematical representation of nature’s principles and 
practical human observations provide the theoretical basis for design and for the 
analysis of designs to predict their performances.   
 
Broadly, two classes of engineering disciplines are 1) science-based, and 2) 
application-focused.  The science-based discipline relies heavily on a distinct body of 
knowledge (engineering sciences) which has its base on a branch of natural science 
(for example, mechanical engineering is based on mechanics, and chemical 
engineering on chemistry).  This class of discipline is basic to a wide domain of 
applications.   
 
An application-focused discipline relies heavily on the needs of the domain of 
application it serves (for example, agricultural engineering, biomedical engineering 
and petroleum engineering).  Engineers in application-focused disciplines draw from 
all engineering disciplines that will serve the application domain needs.   
 
The growth of biological engineering is so rapid and is in so many directions that it 
could mature in any of the following ways: 1) It could become a discipline which has 
a distinct body of knowledge based on the science of biology and be known as a 
biology-based engineering discipline, the vision expressed by the Institute of 
Biological Engineering (IBE); 2) It could be an extension within current engineering 
disciplines as the changes that are occurring in chemical engineering visioned by 
AIChE, and in agricultural engineering visioned by ASAE; or 3) It could represent a 
group of application-focused disciplines through the establishment of new programs 
such as in biomedical engineering and biosystems engineering. 
 
In general, all engineering disciplines evolved from first doing the task of finding 
solutions for critical needs of the time.  In the middle of the 18th century, a long 
history of building structures undertaken by earlier generations to create a civil 
society was formalized under the discipline of civil engineering.  Mechanical 
engineering began by the need to design blast furnaces for producing high quality 
wrought iron and steel and evolved into a science-based discipline related to physics 
(mechanics).  Electrical engineering was started with the need for electricity to power 
machines and now has evolved into a science-based discipline related to the science 
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of electromagnetic phenomena.  Similarly, the need to design for chemical changes 
in materials during industrial operations has led to the evolution of chemical 
engineering now related to the principles of chemistry, distillation, transport process, 
reaction kinetics and extraction.  Agricultural engineering started at the beginning of 
the 20th century to meet two powerful needs, 1) relieve farmers from hard farm 
work, and 2) provide indigenous labor for new industries which was available only on 
the farms and in rural communities.  However, unlike mechanical, electrical and 
chemical engineering that have their genesis in application-focus and evolved to 
science-based engineering disciplines, agricultural engineering even to this day 
largely remains application-focused. 
 
The history of biological engineering over the last seventy-five years is instructive.  
In the 1930s a small group of visionaries in the American Society of Agricultural 
Engineers (ASAE) led by the Ohio State professor C.O. Reed argued vehemently but 
unsuccessfully that the discipline of agricultural engineering is based not on 
application of civil, mechanical and electrical engineering to the industry of 
agriculture but on the science of biology; “It is the engineering of biology.”  In the 
1960s another group of thinkers gave an awakening call to agricultural engineers 
and challenged them: “Your sphere of activity is more closely intertwined with the 
life sciences --- You cannot escape, even if you wished, the world of living things.”  
Only two academic programs took heed to these challenges.  N.C. State University 
department encouraged students, especially at the graduate level, to undertake a 
study of biology in their academic and research work and changed its name to 
Biological and Agricultural Engineering.  By the end of the decade of the 1960s, 
Mississippi State University department was the only other department that took this 
challenge and became the first and the only department to offer a separate degree in 
biological engineering based on the science of biology.  However, it was not until the 
late 1980s with declining support from USDA and university administration and a 
very low student enrollment, that the heads of agricultural engineering departments 
in North America paid attention to opportunities by demonstrating a closer 
association with the advances in biological sciences and biotechnology. 
 
Although engineering application to medicine is not new, biomedical engineering was 
not formalized in a course of study until recently.  Several key advances in biological 
sciences and the realization of their potential in the treatment of diseases have given 
a greater awareness of the importance of engineering in the practice of medicine and 
human health.  A new curriculum in biomedical engineering in Rose-Hulman and the 
establishment of the Biomedical Engineering Society (BMES) in 1968 gave a formal 
rise to the discipline of biomedical engineering.   
 
The 1990s has been the decade when the idea of integrating biology into engineering 
grew from an interesting observation/possibility to the beginning of a reality.  While 
ASAE was struggling with the question, to what degree agricultural engineering 
should be a biology-based engineering discipline and perhaps once again entered 
into the intellectual cul de sac, biomedical engineering was growing at an 
unprecedented rate benefiting from the high value we associate with medicine and 
health and the funding from the Whitaker Foundation.  The establishment of nearly 
35 new biomedical engineering departments, attracting some of the brightest 
scientists and engineers to the discipline, has advanced biomedical engineering to a 
position of choice.  On the other hand, the lack of support from members to 
transform ASAE from application-focused to biology-based engineering led to the 
establishment of the Institute of Biological Engineering (IBE) in 1995 whose object is 
“to encourage inquiry, application and interest in biological engineering in the 
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broadest and most liberal manner and promote the professional development of its 
members.”  Other engineering disciplines, chemical engineering, mechanical 
engineering, electrical/electronic engineering and even civil engineering, are 
reassessing their discipline to find ways for integrating biology.   
 
Like the evolution of earlier engineering disciplines, biological engineering at this 
nascent stage has been growing with application focus in medicine, agriculture and 
now in other areas like pharmaceutical.  It is also evolving at several scales of 
biology.  At the nano, molecular level biological engineering is described as cellular 
or tissue engineering.  At the organism level, it is biomedical engineering for humans 
and agricultural engineering for plants and animals.  At the population of organism 
level, it is viewed as ecological engineering or environmental engineering.   
 
So far, advanced knowledge of biology is being cast into the mechanistic, Cartesian 
framework for work by engineers.  Reductionism may be sufficient to view biology at 
the nano, molecular level. However, at a system level, living forms “mysteriously” 
combine stability of the structure and fluidity to change that is a contradiction in a 
mechanistic world.  This is clear in biology at a systems level, models of population 
of organisms are not built from a genetic base.  The richness of patterns and 
emergent properties of living systems is lost in a reductive approach. 
 
We have created science, engineering and management organizations in all aspects 
of society by compartmentalization and have developed ordered hierarchies to 
implement mechanistic processes.  This has been the approach in the formalization 
of disciplines, administrative structures and operational methods.  However, as we 
understand more about the living systems we have begun to realize the fallacies of 
rigid boundaries and hard structures.  There is now a zealous attempt to blur the 
boundaries whether they are between science and engineering, academia and 
industry, or among disciplines and professional organizations.  We have to learn from 
the theory of Fuzzy sets; an element can indeed belong to more than one set at a 
time.  Today a university professor is a teacher, a researcher, and a CEO of a 
company, all at the same time. 
 
At this point it appears the lesson for us is that the emerging biological engineering 
is unlikely to fit the current mold. It could be that it would become neither a science-
based nor an application-focused discipline as we know them now but be something 
that is both.  Biological engineering is also not likely to fit the current professional 
society organization model.  ABET’s current accrediting approach that is structured 
with professional societies playing a dominant role in their respective disciplines will 
need to evolve into a concept of network.  If biological engineering is embedded in 
several disciplines, then which professional society should have the “control”?  
Perhaps a new order will emerge that builds on the concept of networks learned from 
living organisms.  Employing biology-based science for designing systems that give 
living form to a biological engineering discipline is truly an interesting opportunity. 


