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PREFACE 

Sometimes by design, more often by default, 
chemical engineers are becoming increasingly in­
volved in forming and executing public policy. 
As such areas as public health, resource manage­
ment, environmental control and weather modifi­
cation assume still greater social importance, 
chemical engineers' involvement will continue to 
increase. Thus, the question about the profes­
sional melding of engineering and public policy 
is no longer whether it should take place, bu•t 
how. 

Few engineers now involved in public policy 
-or, more generally, "public affairs"-prepared 
formally for their current jobs. Many became 
active in public policy areas late in their ca­
reers, to satisfy professional demand or per­
sonal interests. Others, such as the author 
became involved early in their careers, usually 
after preparing informally (e.g., through extra 
courses and reading) or - in some cases -
after taking graduate work outside engineering 
in fields such as law. Although these informal 
routes have served well thus far, the feeling is 
growing among those who have travelled them 
that something better and more thorough is 
needed. 

Two main reasons underly this feeling: pro­
fessional competence and supply. In the last few 
years, economics and related social sciences have 
begun to emerge as semi-practical disciplines 
relevant to (and used in) devising public policies. 
Much of the growing managerial "revolution" in 
Federal and municipal agencies has, for example, 
been spearheaded by economists and guided by 

* Any views expressed in this paper are those of the 
author. They should not be interpreted as reflecting the 
views of The RAND Corporation or the official opinion 
or policy of any of its governmental or private research 
sponsors. 

This paper is adapted from a talk presented to Col­
loquium on Socio-Economic Planning, New York Academy 
of Sciences, March 16, 1967, when the author was a 
member of the Princeton University faculty. 
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relatively complex economic principles. Although 
many of the forms and procedures will evolve­
and perhaps disappear - the economic precepts 
(many unfamiliar to engineers) are likely to 
survive. Similarly, although the effects are yet 
even less apparent, ideas and principles from 
other social sciences are being introduced into 
basic levels of the policy process. Engineers pro­
fessionally involved in this milieu need to know 
and understand not only the catchwords of these 
"new influences", but also their bases and their 
implications for technical research and design. 
Professional competence now requires much 
more than non-technical veneer. 

Also, because the current routes are informal 
and the opportunities often unclear (in most 
cases, the man still shapes the job, rather than 
vice versa) , too few people choose to follow them. 
Those who do and, like the author, have need for 
others, find the supply far less than their demand. 
Many engineers apparently (from conversations) 
would like to pursue joint engineering-public pol­
icy careers, but either do not know how or are 
discouraged by the lack of help, ( or by active 
opposition) available in engineering schools. 

This kind of career obviously is not for every­
one, nor should it be. Perhaps no more than sev­
eral percent of all engineers need be directly in­
volved in public policy, especially if those who are 
involved are sufficiently sensitive and qualified. 
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What I propose is a concerted effort to develop a meaningful 
systematic professional discipline (or compound discipline) 
that will enable us at least partially to understand and control 
the interaction between people and technology. 

But for those several percent, something more is 
needed. It is to them that the following is dedi­
cated. 

INTRODUCTION 

Man's relation to technology reflects the root 
problem of his existence : man has the ability to 
give form and coherence to his world, even 
though that world always limits his attempts to 
do so. Man does not completely control his en­
vironment, but neither do the forces beyond his 
control completely determine his life. Where he 
can influence his environment, man's actions in­
evitably reshape his world, whether or not he 
chooses to direct his efforts toward some con­
scious goal. When he acts, man implicitly chooses 
a course and a form for his world; if, as has been 
his wont, he chooses not to control the course, he 
may not like the form that results. 

Modern cities provide the most conspicuous 
evidence that technology has too often led life 
into unduly stressful modes because man has 
abdicated the attempt to control his own work. 
The modern city is dramatic proof that people 
and technology interact w hether or not we study 
or attempt to control that interaction. Indeed, 
unless we do study an attempt to control it, this 
interaction between people and technology ( which 
I denote by "engineering and public affairs") 
may lead to future cities far less liveable and de­
sirable than those we know today. We cannot 
simply assume that everything will evolve bene­
ficiently. 

To direct the interaction between people and 
technology toward the achievement of objectives 
man wants, therefore, I propose intensive re­
search and education in engineering and public 
affairs. 

Neither research nor education in this area 
is totally new, of course; fragmentary efforts 
exist in many places. Research in engineering 
and public affairs, often impelled more by neces­
sity than by design, has been carried out in some 
university planning, economics, and engineering 
departments, and in some planning and "sys­
tems" firms. Education in engineering and pub­
lic affairs, often called by other names,1 has been 
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started at several universities, perhaps most no­
ticeably at Stanford (where it is called "Engi­
neering-Economic Systems"), at Dartmouth, and 
at Princeton. But these efforts, even where they 
have continued, have frequently been ad hoc, 
faltering, and difficult to evaluate. Very little 
sense of unity or discipline has yet appeared. 

What I propose is a concerted effort to de­
velop a meaningful, systematic professional dis­
cipline ( or compound discipline) that will enable 
us at least partially to understand and control 
the interactions between people and technology. 
Such a discipline would form an integral part of 
both engineering and socio-economic planning. 
Since it is now clearly impossible to point to the 
best or ultimate forms for engineering and public 
affairs, I would like to suggest some preliminary 
directions for education and research. 

AREAS OF CONCERN 

Although many important problems involv­
ing interactions between people and technology 
arise in the city, I would extend engineering and 
public affairs' domain beyond the urban region to 
include topics such as : 

Individual and m a s s 
transportation, and the 
interfaces 

Personal and mass com-
munication 

Shelter 
Clothing 
Recreation 
Automation 
Defense 
Warfare 
Resource management 

Waste management 
Ecology (in general) 
Urban problems 
Large-scale civil plan-

ning and organization, 
including moderiniza­
tion and development 

Architecture and con-
struction 

Public Health 
Weather modification 
Environmental control 

1A number of universities have programs (usually 
outside engineering) titled something like "Science and 
Human Affairs" or "Science and Politics." These vary 
widely in emphasis and content. Some are devoted to 
bridging the gap implied by the term "two cultures"; 
others deal more with substantive issues of mutual in­
t erest to scientists ( or engineers) and humanists ( or 
social scientists). Programs of the latter type that deal 
with interactions, rather than just with isolated topics 
from one field or the other, would for present purposes 
come under the rubric of engineering and public affairs. 
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... technical and social considerations cannot be divorced 
it is vital to consider both engineering and public affairs 
and the interactions between them in analyzing problems 
and formulating plans and policies 

In these areas, technical and social considera­
tions cannot properly be divorced. Conclusions 
derived from considering only one or the other, 
or both separately, are likely to be misleading, 
if not erroneous. First, the assumptions and 
values inherent in purely technical and social 
analyses are quite different, indeed often conflict­
ing, and rarely explicitly stated. Thus, meshing 
the results of separate technical and social con­
siderations without dealing with the interactions 
is likely to lead to plans and policies beset by 
internal contradictions and inconsistencies.1 Such 

. . . diverse backgrounds and viewpoints are often 
quite fruitful . . . invention and discovery often 
arise at the boundaries of special fields ... 

products will satisfy neither the technical nor the 
social objectives, and will clearly be undesirable. 

Second, and perhaps even more basic, con­
sidering engineering and public affairs separately 
is likely to prevent proper definition of the prob­
lem to be solved. Social scientists and engineers 
both have attitudinal and methodological bases 
that cause them to frame and examine problems 
in certain traditional ways. Since social scien­
tists generally have had little to do with engi­
neering ( or science, with the important excep­
tion of those who have examined the politics of 
"big science"), they are often inclined to accept 
the statement of the technical problem, and the 
"feasible" solutions, as given. Similarly, engi­
neers are inclined to regard the statement of the 
non-technical part of the problem also as given, 
and hence exempt from questioning and reformu­
lation. 

Since neither social scientists nor engineers 

1A t echnical package consisting of man.y components 
may be (and often is) assembled and "optimized" accord­
ing to criteria quite incompatible with those desired so­
cially or potentially, e.g., minimum short-terms direct 
cost (ignoring benefits, long-term costs, and indirect 
"social" costs), technical efficien.cy (related usually to 
one scarce input, ignoring all other scarce inputs and the 
costs and benefits of outputs), maximum production, etc. 
Even if the criteria are explicitly stated, which they often 
are not, they are so different from the criteria used ordi­
narily in public affairs ( equitability, benefits to special 
groups, scope for individual initiative, etc.) and use such 
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are accustomed to dealing with the other's spe­
cialty, the most important parts of the problem 
statement may fall between them, accepted by 
both without questioning as the other's concern. 
Even if the problem is sufficiently conventional 
that its technical and social aspects are well un­
derstood, the social scientists and engineers, by 
failing to question each other's part of the prob­
lem statement, may end up solving totally differ­
ent problems. And each may, by concentrating 
on the points most interesting to him, ignore the 
interactions between engineering and public af­
fairs that may be more important than either 
alone. 

Thus, in the areas listed above, it is vital to 
consider both engineering and public affairs, and 
the interactions between them, in analyzing prob­
lems and formulating plans and policies. It would 
also appear valuable to consider the compound 
field, including the interactions, in research. 
Drawing on a compound discipline may enable 
one to recognize weaknesses in current argu­
ments and current practices that professionals in 
the particular fields have "learned to live with" 
or disregarded. Indeed, diverse backgrounds and 
viewpoints are often quite fruitful within engi­
neering and the natural or social sciences; inven­
tion and discovery often arise at the boundaries 
of special fields, as the growth of astrophysics, 
biochemistry, bioengineering, mathematical eco­
nomics, etc., will attest. It would not be hard to 
imagine similar or perhaps even greater innova­
tion occurring at the boundaries of engineering 
and public affairs. 

(Dr. Blum discusses Directions for Education and 
Research beginning on page 38) 

different scales that reconciling discrepancies is extremely 
difficult. 

First, it is often hard even to recognize where con­
flicts exist, because the criteria are expressed in different 
terms which refer to different value systems. Second, 
since the technical and social alternatives are usually of­
fered as complete packages, within which compromises 
and trade-offs have been made according to the respective 
( different) criteria, it is difficult to extract from the total 
packages parts compatible with over-all criteria. Even 
if one can dissect the different packages to obtain com­
patible parts, one has no assurance that the parts will 
function well together as a system. 
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ENGINEERING AND PUBLIC AFFAIRS 
Directions for Education and Research 

E. H. BLUM 
(Continued from page 9) 

DIRECTIONS OF RESEARCH 

Even if engineers (and social scientists) were 
to agree in principle that they should consider 
social (and technical) objectives and conse­
quences, most would not be likely actually to do 
so if they did not know how. Concomitantly, 
lacking a tradition that demands the larger per­
spective, most would not feel impelled to develop 
new methods and expand their field of view once 
they found that their current methods were in­
adequate. One of the main reasons, or excuses, 
advanced by practitioners in the separate disci­
plines for not working in the joint area of en­
gineering and public affairs is the lack of ade­
quate methodology, and one of the main redons 
advanced for not working on methodoIJgy, is the,, 
lack of overt demand. 

We can break this circular deadlock either by 
developing methodology or by creating effective 
demand, e.g., by requiring better research on 
important questions. Because we now know lit­
tle about multi-disciplinary research, methodol­
ogy developed in a vacuum is likely to be sterile. 
The best methodology, we might surmise, will 
ensure from concerted, high-quality efforts to 
solve important problems. Methods will arise 
from such efforts because the problems will de­
mand them, much the way "systems analysis" 
arose at The RAND Corporation and aerospace 
companies because large-scale defense and space 
problems required something new. 

Virtually every topic listed in the previous 
section abounds with problems that require re­
search. I would like here to call particular at­
tention to some that may not be well known. 

Housing and Construction: Since the industry 
is now highly fragmented and oriented toward 
short-term profits, research and innovation have 
had little impact. Builders thus far have made 
little use of "systems analysis", new materials, 

1 Building codes have traditionally been singled out as 
major villains. A new building code that permits the use 
of new materials, a so-called performance code, has re­
cently been adopted in New York City. 
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or new methods of construction. Much of this 
slow adaptation seems to have been due to politi­
cal and institutional obstacles, lack of venture 
capital, and social inertia.1 New ideas and ap­
proaches, accounting for the strong interaction 
between engineering and public aflairs, could 
initiate a true revolution in our ways of-costs of 
living. (Our current houses and communities are 
surely not the penultimate). Indeed, since the 
field seems ripe for substantial innovations, pri­
vate industry should find it most attractive, once 
the ideas are developed. There seem to be excel­
lent chances for the ventursome to make large 
(legitimate) profits, so that government need not 
shoulder the entire housing load. 

Clothing: Several thousand years ago, when 
our current concepts of clothing were formed, 
only natural materials slightly refined from 
their natural state -were available to be used. 
Understandably, then, clothing's functions and 
forms were tailerod to accentuate these materials' 
strengths and minimize their weaknesses. Today, 
even though we have hundreds of radically new 
materials available, we retain, without much 
modification, patterns shaped to meet entirely 
different needs. We still regard polymeric ma­
terials as "synthetic fibers," to be spun, cut, and 
formed in traditional ways as direct substitutes 
for wool, silk, flax, cotton, and leather. Perhaps 
we should re-examine clothing's basic objectives 
-functional ( control temperature and ventila­
tion "comfortably," provide physical support, 
etc.) and aesthetic-to see how we might revise 
our concepts of clothing to take special advantage 
of the new materials' properties. (That is, we 
should overcome the "hidden persuaders" of tra­
dition and design inertia.) These new concepts 
not only might free us from current technical 
limitations (e.g., permanently bulky materials for 
Arctic wear, or extensive wardrobes for variable 
climates) but also might liberate artistic imagina­
tions to create entirely new styles. The rapid 
adoption of inexpensive nonwoven fabrics (used 
in so-called paper garments) would indicate that 
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A person educated in engineering and public affairs has the skills to understand technical and social 
phenomena and their interaction ... to formulate and test predictive models for the phenomena and their 
interaction ... to understand and be .able to work with the environment ... to apply systematic methods for 
analyzing and synthesizing complex, interacting, large scale systems, in which many things may be uncertain. 

popular acceptance under the right conditions 
should pose few serious problems. 

Institutional adaptation: Limiting rates of in­
formation flow that govern the diffusion of ne¥' 
ideas, new patterns, and new technologies in or­
ganizations are dimly understood. We need re­
search to discover what would be ideal or near­
ideal conditions, and to find management princi-­
ples to speed the diffusion process, to make 
change simpler and more effective. 

Radical Change: While we seem to under­
stand fairly well how to deal with marginal 
change (i.e., with small improvements in our cur­
rent ways of doing things), we still seem quite 
ill-equipped to understand and deal with radical 
change, with totally new developments, such as 
the automobile, the jet airplane, and the com­
puter, that permit us to do what could not be 
done before. We have not done well at predicting 
even their effects on technology, and we have 
done far less well at anticipating their interac­
tion with public affairs (what we could term the 
public adjustment and control problem). While 
American society seems to have survived this 
poor anticipation (although it shows a few 
bruises), some less-developed societies (for whom 
the changes have been even more radical) have 
not proved so resilient. Research into the nature 
of radical change could be most fruitful. 

Medicine : In the area of engineering and 
public affairs, medicine offers. considerable chal­
lenge in public health, waste management, diag­
nostics, hospital and clinic location, financing, and 
organization, child-care and geriatric-care sys­
tems, etc. In the area of child-care, for example, 
one might examine the means, costs, benefits, 
social ramifications, policy implications, etc., of 
providing thorough medical-psychiatric attention 
to young children, especially to those children 
who now receive no attention at all, (Part of the 
current difficulty stems from a "profession prob­
lem" not unlike that faced among bureaucracies 
and in parts of engineering.) 

Science, Technology, and National Power: It 
seems ironic that, in the midst of clamor about a 
"technology gap" and concern over nuclear pro­
liferation, few people are seriously examining the 
relations between science, technology and na­
tional power. Indeed, economists have acknowl-
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edged only recently the major role technology has 
played in American economic growth, and most 
of their models to date have been correlative 
rather than explanatory, so that extrapolation to 
other countries or to the future will be difficult. 
At the national-international level, it is hard to 
imagine a much more important area for re­
search. And since it involves detailed interaction 
between technology and public policy, it demands 
an approach that transcends either engineering 
or public affairs alone. 

DIRECTIONS FOR EDUCATION: 

Although no doubt much engineering-public 
affairs work will be carried out by multi-disciplin­
ary teams composed largely of specialists, we also 
appear to need individuals professionally trained 
in both engineering and public affairs. Within 
this genre, we might aim for either of two initial 
"products," depending on the student's inclina­
tions and abilities: 

(1) A "sophisticated engineer" aware of the 
total design context and of legal, politi­
cal, economic, and social considerations. 

(2) A public affairs-oriented person well 
versed in the procedures and uses of sci­
ence and technology and in scientific 
methods of decision-making. 

Both types of training would seem to be valu­
able for research and analysis on problems involv­
ing strong engineering-public affairs interaction. 
And both might also be valuable for policy for­
mulation and administration in the area of en­
gineering and public affairs. The "sophisticated 
engineer," for example, might have a particular 
advantage as a project manager on technical 
projects of social concern. 

Worthwhile projects require the cooperation 
of people with a wide variety of backgrounds­
engineers, economists, political scientists, socio­
logists, architects, lawyers, etc.-and must have 
a project leader who can coordinate their efforts. 
To coordinate effectively, the project leader must 
be able to see the problem as a whole and be able 
to place the most important specialized sub-prob­
lems in the relevant total context. He should 
have professional competence (although not 
necessarily expertise) in economics and politics, 
and be able to organize and hold the respect of a 
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Limiting rates of information flow that govern 
the diffusion of new ideas, new patterns, and new 
technologies in organizations are dimly understood. 

team of diverse specialists, to make certain that 
their contributions work together as efficiently 
as possible toward the overall objectives. 

The scientifically versed public affairs person 
might be most valuable if he worked in areas 
where there are important scientific and techni­
cal problems, but where technically trained peo­
ple designated as such have not been given im­
portant policy-making responsibility (as, for ex­
ample, in foreign policy). The man's public af­
fairs training would give him proper credentials. 
With these credentials he would be able to draw 
on his technical background to bring scientific 
and technical considerations into larger policy­
making roles. To be effective, however, and to be 
able to sell his ideas in the face of opposition, he 
could need more than cursory technical exposure 
appended to a social science education. His tech­
nical abilities and credentials also must be of high 
quality. 

To deal with these problems, the students of 
both types should be skilled in analysis and ex­
perienced, through research and summer work, 
in using analysis to achieve realistic or "practi­
cal" goals. At the minimum, they should be profi­
cient in engineering and economic analysis. If 
possible, they should be proficient in a number 
of other social sciences as well. To be most eff ec­
tive, their analytical skills should be long-lived. 
Thus, we should stress fundamental principles 
and relevant methematics, so that the students 
will be prepared to cope effectively with tomor­
row's technology and the problems it will bring. 

In general, we might say that engineering 
and public affairs education should prepare a 
student to 
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(a) Possess the tools needed to obtain a quan­
tative understanding of technical and so­
cial phenomena and their interaction. 

(b) Be able to formulate and test predictive 
"models" for the phenomena and their 
interactions. 

(c) Understand and be able to work with the 
environment. 

(d) Understand and be able to apply syste­
matic methods for analyzing and synthe­
sizing complex, interacting, large-scale 
systems, in which many things may be 
uncertain. 

PRINCETON UNIVERSITY'S PROGRAM: 

Princeton University's program in the area 
of engineering and public affairs is still under de­
velopment. At this point it consists of several 
alternative routes: 
• First, Princeton's Woodrow Wilson School of 
Public and International Affairs gives careful 
consideration to applicants who have completed 
their undergraduate work in engineering, science, 
or mathematics but who look forward to careers 
in public affairs requiring preparation in social 
science. 
• Second, the University encourages a person 
who has earned his Master's degree in a technical 
or scientific discipline but who does not wish to 
work professionally in this discipline to develop 
his skills by supplementing his technical educa­
tion with academic work in public affairs. 
• Third, the University encourages scientists 
and engineers with some years of professional 
experience to enroll in the public affairs program. 
These people may then develop important careers 
in public programs that require not only technical 
competence but applied social science knowledge 
as well. 
• Fourth, the Woodrow Wilson School encour­
ages technically educated persons with a strong 
interest in systematic analysis applied to govern­
mental programs to enroll in the public affairs 
graduate program, where they may, in coopera­
tion with the School of Engineering and Applied 
Science, strengthen their technical and analytical 
skills and learn to apply them creatively to vari­
ous governmental programs. 
• Fifth, a student who wants to undertake 
graduate study simultaneously in engineering, 
and public affairs may follow a combined pro­
gram of study approved by the School of Engi­
neering and Applied Science and the Woodrow 
Wilson School. He may qualify for both a Mas­
ter's degree in Engineering and a Master's degree 
in Public Affairs. 

In addition, engineering graduate students 
interested in public affairs are encouraged to en­
roll in those graduate courses at the Woodrow 
Wilson School for which they are qualified. 

Thus far, Princeton has had about a dozen 
students who have completed the formal two­
degree joint program and many others who have 
followed their options. Although it is too early 
to tell whether their joint training has indeed 
helped them, the few indications available appear 
encouraging. 
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