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"The engineer ay be regarded, therzfore, es an interprster of
science in terns of hunman needs and & oenager of =men, money, &nd
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The mzention of"human needs” ralses .any Bociological questions.
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SOCIO-ENGINZERING PROBLAMS - A NEW TeMPORARY AND INTERMITTENT
MEDIUM CF COMMUNICATIOWN

This is the first of a series of inforaal xenoranda to be issusd at
irregular intervals on the subject of the social respvonsibility of
englneers., In this series the responsibility of the engineer and sclentist
to mankind to do what he can to make democracy work aore successfully is
eaphasized. Thegse problems include the necessary development of a better
understanding on the part of the englneer himself and the generel public
of the basic principles and significance of science and englneering,

I consider that the social responsibillity of the engineer to be a kind of
coordinator to meke certain that the social problens related to his
physical engineering work are being studied and that there are provislons
made by our society to explain the basic principles and significance of
science to the voters in our d=wcracy,

These studies neglect the second phase of the engineer as "a nanager
of men, money, and materials", since many engineers have developed into
managers;little concrete analysis of the role of the engineer "zs an
interpreter of science in terms of human needs has appeared. I do not
imply that the engineer and techniecien in our coaplex society are better
gualified to nake decisions on the soclilal use of science and inventions.
Specialists in englneering could easily neglect psychological factors
involving human feelings in thelr concentration upon physical phenonena
and devices., The studies in this series will be directed toward finding
techniques which would help the engineer in discharging hls soclal
resvonsibility and in defining problens which the englneer can refer to
sociel sclentists., The ultimate objective is to help the citizen to
acquire the understanding needed to make democratie decieions in our
comvlex industrial soclety.

The function of this newsletter 18 to provide & limited distribution
of soxe preliminary ideas for discussion prior to editing for submission
to established journals and engineering societies, It is hoped that this
series will serve & snort but useful life in establishing bestter comaun-
ications hatween engineers, social scientists, and people interested in
solving the problems of our increasingly complex society,

For example the author plans to subalt an abridged version of the
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article starting on page 3, "The lature of the Social Responsibility of
Engineers," to an engineering conference, The probable tize scheduls
baged on the mechanlecs of obtaining the required approval, review, and
revision is as follows:

August 12, 1958: Trial presentation of part of the material at a local
engineering society meeting.

September 9, 1958: Subnission of masnuscript for institutional review.

October 1, 1958: Submission of paper to Technical Program Committee,

December 1, 1958: Author notified of acceptance, revision requirenents,
of rejection.

February 1, 1959: Final text to be submitted to Publicetion Conmittee,

March 3, 1959: COral presentation at conference,

June 1, 1959: Printed proceedings svalleble.

The author has another manuscript {(ko, B) in process which requires
coples of No. 1 with it to be understandeble. Tre use of thie geries,
Soclo-3Ingineering Problems, is intended to provide coples of cross-
referenced materials well in advance of the avilability of published versions.
The pronosed second naper aay be of nore interest to social scientists than
to englineers.

August 30, 1958 Frederick B, Wood
OUTLINE OF MATERIAL PRCPCSED FOR FUTURE ISSUES

No. B: '"Supplementary Note on Factors Influencing iy Study of the
Problem of Soclal Responsib lity"

Cover Diagraz on Physical And Social Secience, Three-Dinsensional
Chart, Checking Chart, Social Obstructions to the Developnent
of Contacts Needed to Fill In Checking Charts, Conditions
Leading to a Re-evaluation of dy Zarlier Ideas on Social
Responsibility, Reasons for writing the iMaterial at This Time
in This Form, Future Iessues.

No. C: "Feedback Loops in Huzan Maturing"
"Trzeing a Specific Invention Through Physics, £lectrical
Engineering, and Sociology"

No. D: "Bibliography on Soclal Responsibility in zZngineering®

THZ NATURE OF THE SOCIAL ReSPONSIBILITY OF aNGINEERS

Introducticon

Recently there has been some interest in the question of what is the
soclal responsibility of engineers, 4 series of articles and letters to the
sditor appeared earlier this year in Computers and Automstion *. The
vestern Joint Conmputer Conference at Los Angeles, May 6, 1953, conducted
» panel on "The Social Problems of Automation" ®, The Santa Clara Valley
chapter, California Soclety of Professional £nglneers, conducted a panel
n "Soclal Responsibility in zZnglneering"” on sugust 12, 1958, Various
wthors have written articles on the soclial responsibility of engineers,

- shall prepare a bibliography of such articles of the past ten years in
v future issue of Socio-Engineering Problens.




Computers end Autonstion

Jan 1958 »p, 9- 10, Dlscussion woether conputers and automation are a
"Curse or Blessing". %“hat snould a .sgazine do about arguing these
subjects, accepting a social responsibllity about them, or taking
an educational stand on then?

Feb 1958 p. 3 "Co-oneration in Horror" The editor declines to accept
a paper dealing with "diffusion calculations"” on the spreading
of poison gas.

Mar 1958 pp. 13-14 “Destruction of Civilized zZxistence by automatic
Computing Controls"” I: Adnmiral A, A, Burke, II: Dr, W, H,
Pickering, III: Froa the Editor.

Apr 1958 on6, 9 "The Social Responsibllity of Coaputer 3clentists"
May 1958 p»n, 6, 31 Readers snd Editors Forum. p. 22 "An Attempt to
Apply Logic end Comzon 3ense to the Social Responsibility of

Computer Scientists."”

(Abstracts of the above articles have been reprinted in 3.35.R.S.

Newsletter, Ko, 76, August 1952, published by the Societv for Social

Responsibllity in bcience, tambier, Ohio.)

Abstract from Proaran of Western Joint Computer Conference, ey 6, 1958:
"The Social Problezs of Autoattion”
Chairman: H. T, Lerson, Aeronutronic Systezxs, Inc,

"ﬁlectronic computers are being eaployed in steadily widening
areas of activity. The outlines of these areas are now discernable,

In the scientific and engine:zring flelds, comouters have, to be powerful
design and analysis tools. Computer design and application diseciplines
are having extensive effects on the very nathematical and englineering
fields from which the technigues are drawn. These devices have

become an integral part of the weawons, nachines, and organizations
bullding for wartine. The computer and its descendant, the data
processor, are now being apnlied increasingly to business and industrial
activities, in the office and in the factory.

"The total effect of this body of equipment is compounding rapidly,
due to the daily discovery of new uses and the sharply increasing
quantities of coxputers and data processors going into action. The
impacts of these powerful new tools will be sufficiently great to
create discernable changes and reactions in the American soclety,

The adjustments end responses zay well creste difficult problems in the
American business, scientific, and social systems.

"The omening session brings together a physicel scientist, & social
scisntist, and a representitive of the labor moveaent, to discuss the
broed social probleme erising from the introduction of coomputers and
related automatic techniques into our industrial society. These men
will =resent thelir views of problems they forsee, snd will discuss
nethods for dealing with these incipient difficultieas.

PANLL: Prof. Harrold D, Lasswell, Yale School of Law
Mr, Z, J. 3chaffer, Vice-President, Cil, Chealcal and Atomic
workers, Internstional Union.
Dr. Cuthbert C. Hurd, Dirsctor of automestion Research,
Internatlonal Businsss Machines Corporstion.

proven
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Enzineering othics

A starting point for discussing the nature of the social responsibility
cf engineers would be a r:sview of codes of ethics ¢f the various enginser-
ing societies, A less forwal approach ls to use the statement of the
Engineera Council for Professional Development:

"Faeith of the Engineer"

"I AM sN ENGINZZR. In ay professicn I take deep pride, but without
vainglory; to 1t I owe solemn obligations that I az eager to fulfill,

As en Engineer, I will participate in none but honest enterprise,
To him that has enzaged oy services, as eaployer or client, I will give
the utmost of performance and fidelity,

When needed, ny skill and knowledge shall be given without reser-
vation for the public good. From special capacity springs the
obligation to use it well in the service of humanity; and I accept the
challenge that this implies.

Jealous of the high repute of my calling, I will strive to protect
the interests and the good nanme of any engineer that I know to be
deserving; but I will not shrink, should duty dictate, froo disclosing
the truth regarding anyone that, by unscrupulous act, has shown hin-
gelf unworthy of the profession.

Since the Age of Stone, huznan progress has been conditloned by the
genius of ny professional forbears, By them have been rendered usable
to mankind Nature's vast resources of material energy. By them have
been vitalized and turned to practical account the principles of science
and the revelations of technology. £Except for this heritage of
accumulated experience, oy efforts would be feeble., I dedicate myself
to the dissemination of enginsering knowledge, and, especlally to the
instruction of younger members of my profession in all its arts and
traditions.

To my fellows I pledge, in the same full neasure I ask of then,
Integrity and fair deall .g, tolerance and respect, and devotion to the
standards and the dignity of our profession; with the conscliousness,
rlways,that our special expertnesa carries with it the obligation to
serve humanity with complete sincerity."

The above "Faith of the Zngineer" is easy to intervret in respect to
epecific contracts and reletions with client, enployer, and government
agencies. How 1s one to interpret "when needed” in respect to glving skill
and k¥nowledge for the public good? In a less complex society the "when
needed" could be easily deternmined by obvious wars and economlc crises,

In our increasingly complex society there nay be & continuous need for
gsoclal concern on the part of the englneer so th-t crises will not reach
such large magnitudes of severity.

A Perspective of the Sciences and Englneering

The chzrt on the cover of this report expresgsses sone conoon observations
of the interrelations between different special flelds of science and other
human aectivities. The interconnecilion of philosophy and the physical
aciences through mathematics is obvious. The placing of engineering
epplications” between "physics' and "cheaistry" on one side and "economics”
>n the other side represents the role of the engineer in applying the
results of baslc sclence to the neeting of human needs which have econonic
significance, In respect to "standards of conduect” in human behavior, the
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chart hzs been laid out to show the multiole influence of several areas of
human activity such es ideals derived from religion and philosophy, under-
standing of how human besings function from psychology (and psychiatry), the
relstionship of individuasl standarde of conduct to the orgenizetion of human
groups as is studied in soclology, and the standards of conduct a glven
community sets as its goal by enactment into law,

The splitting of the cover dlagran into two segzents 1s symbolic of a
gap between the physicsl and the soclal sciences. Historiecally this gap
may be derived from the controversies between sclence and rellgion in the
rapid growth of science in the last three centuries., This has led some
people to feel that the social sclences are lagging behind the physicel
sclences. Some people have even suggested a moratorium on research in some
areas of the physicel sciences., I feel that stopping any area of research
would be a loss unless ther is some danger to the future of the human race
from some uncontrolled byproduct such as radioactive fallout. The real way
to increase our understanding of ourselves and the universe 1s to increase
the communicétion between physical scientlists, social scientists, and
engineers,

To return to the chert on the cover, we zay ask whether this particular
organization of human intellectual activities is the correct representation,
or whether there are many alternatives for graphically representing these
interdisciplinary problems, I think that this representation has no claim
to belng correct, I feel that it 1s only a working hy»othesis which serves
a useful purvose of opening up discussion of these lioportant problexns., 1
think others have developed different dlagrams for a similar purpose. For
exanple Dr., Ludwig von Bertelanffy of the FPsychiatrie and Psychosoaatic
Research Institute, Mt, Sinal Hospital, los Angeles, has published a diagranm
of the sciences® which is different than the one I have proposed. Possibly
he has develoned a graphiczl representation that comes closer to the nmore
immediate problems accessible to mathepatical and experimental analysis,
Perhaps my ldeas have occured to many others in the pest and heve been
superseded by hypotheses which are closer to reality. By comounicating
these ideas I hope to deterzine where they fit in a scale of usefulness to
socliety.

Relationships between FPhysliccl and Soclal Sciences.

The cover diagrem is a preli.lnary chart of the relastionship of the
physical and soclal sciences in respect to huzan esplrations. This type
of chart expresses an objective and some feeling of the unity of different
humnen enterpriszs, but 1t lacks specific utility in this problem of social
responsibllity. To develop a more concrete representation let us examine
historical sociclogy. Perhaps the work of Aupgust Comte, Herbert Spencer,
and Lester Ward of the last century will be of some use in orgenizing a

3. Ludwig von Bertalanffy "General Systea Theory" General Systems
vol, I, op. 1-10 (1956). Reprinted from: Maln Currents in Modern
Thought, 71, p. 75 (1955). Diagram labelled "Laws or Principles Apply

2

to SystemEv on p. 2 (Gen. Sys.)
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better representation. Perhaps the following table®* from ward will be of
value: SOCIOLOGY

PSYCAOCLOGY

BIOLOGY

CHIMISTRY

PAYSICS

ASTRONOMY,
As we go from the bottom to the top of this list we follow the historical
order of development of the flelds of ascience and to some extent the level
of complexity.

The above classification of the sclences with some modification is
ugeful in developing & new chart which 1a intrinsically simpler yet 1is
capable of representing any conplex field of science or enginesring, since
it 1s & three-dimensional code for representing a field of knowledge or
experlence.

The objective of making charts like this is to help people see the
relationships of the different speciallized fields, Perhaps some chart or
table analogous to the periodic table of the selements in chemistry and
physics could be developed for soclology and related fields. The "sky-
scraper" type of chart of Figure 1 is proposed as a useful tool in the
analysis of the inter-relationship of different fields of knowledge in
respect to soclety.

The horizontal flelds of knowledge are arranged in order of increasing
complexity; with the study of energy and the basic perticles of matter
as the foundatlons 1n physics; the study of the relations between the
fundamental particles and energy to make compounds of the elements in
chemistry; the study of nore complicated coapounds which form living matter
in biology; the study of more complicated living living things as animals
in zoology; The study of man as the most advanced of the animals in phys-
iology; the study of man's mentel and emotional processes in psychology;
eand the study of man's reletions with the rest of humsnity through social
institutions such as religion.

The vertical columns represent different nodes of treating basic phe-~
nomena, For the scientist ias interested in why; the artist in the effect
of the form and the colors; the philosopher in the meaning; the nathe-
maticien in the equations; etc.

A third group, not shown on the "skyscraper" model of Figure 1, are
the fields of knowledge which are formed by the intersection of vertlical
and horizontal columna and/or combinations of parallel columns. An example
for Astrophysics 18 given in Flgure 2A. An alternative form for the sane
is given in matrix form in Figure 2B,

Another form is illustrated in Figure 3, in which the develop.aent from
one stage to another in our knowledge moves froa siaple things needed for
survival through art, symbols, theories, proof (scientific) and then repeats
the cyele on another level, 48 Clvilization becomes more conples, what was
earlier e luxury becomes a necessity, i.e,, scientiflic proof becomes a
necessity in a comples soclety.

4, Sanmuel Chugerman Lester F. Ward, The American Aristotle Durham, N.C.:
Duke University Press (1939) p. 192.
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A Checking Chart Derived from the Claggification of the Sciences

From the classification cherts of Figures 1 and 3 a simplified two-
dimensional chart of Figure 4 has been derived for use in checking the
extent of coverage or "completeness" of a particular analyeis of a problem,
This slmoplified form ie intended to show nore clearly the stages of devel-
oprent in different flelds of knowledge that are required for the balanced
epplication of some idea in soclety.

An example of some of the work of Charles P, Steinmetz 1is marked on the
checking chart of Figure 5. Stelnmetz's basic work involved research and
development in the understanding and application of physical and chenmical
phenomena to electrical engineering design with extensive use of the tools
of mathematics. This baslec area 1s nmarked as section 1 in Figure 5.

Section 2 illustrates the domaln of his political activities as a
Socialist in which he lpld various city offices in Schenectady such 335
Chairman of the Board of Education and Chairmaen of the Common Council-,
Under his leadership the Socialists instituted many reforms which we accept
es conmonplace now such as mid-morning nilk for the school children, the
construction of sufficient aschool buildings so all the children of the ecity
could attend school, and provislon of special teachers and facilitlies for
tubercular end disabled children.

Section 3 shows the domnain of hls observation of the ioplicetion of his
engineering work for how the benefits of electric power aight be brought to
the common people everywhere, Steinmetz concluded that to make electric
power avallable at cheap rates required integrated electric power systens
covering large sections of the country. He felt that under the conditions
exlsting in the United States the best practical way to achleve the -icre
general distributlion of chesp electric power to the people was to support
the trend toward large corporations which could acquire sufficient capltal
to build efficient power distribution systens.

The support to large corporations gliven by Steinmetz as a practical step
vas on the surface a contradiction with his direct political action in the
3oelallist Party, as is illustrated by Section 4 of Figure 5, If we examine
:he aituatlion more carefully, we find that the Soclalist Party was perform-
tng the role of experimentation and being ploneers, The reforms in school
yperation tested by the Socialists of Schenectady under the leadership of
jteinnetz became accepted as standard practice, In the past the radicals
wich as the Soclalists have provlded ideas for social progress which have
rradually been accepted and put Into practice by the more conservative
rroups in o@r soclety. The exlstence of a foreilgn government using the
rord "socialist" in its name has made it more difficult for a sccialist
varty to functlion in our country on account of the introduction of the
uestion of "loyalty" in regard to groups suggesting new ldeas,

'» John Winthrop Hammond Charles Proteus Steinmetz - A Biography N.Y,: The
Century Co. (1924) The following quotation from the Preface, p. viii,
is particularly significant: "And Steinmetz was an ideallst. It was
pure ldeallsn that shaped his social philosophy. He sincerely desired
a "Better World"”, socially and morally, as well as materially. He
never hated hie fellow-men; he elways loved them and sought to do then
good. His 1ife hed nuch of the pathos of theidealist -- the pathos of
being sometimes being misunderstood, and the pathos of sometimes enter-

ing the lists on behalf of & cause foredoomed by exlsting conditions
to defeat.”
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Cross-hatched areas on chart indicate areas covered by a particular
analysis, project, or individual. Certain basic types of natural
phenomena are arranged in horizontal rows in vertical order such that
each is dependent upon the tyoses of phenomena below 1t,

The basic tyves of activities required for the meeting of human needs
in an industrial soclety are arranged in order such that the accom-
plishment of sn objective 1s dependent upon stages reached in
actlvities to the left,

Figure 4, Checking Chart to Indicate the
Extent to Which a Particular Analysls
Covers the Possible Phases of &
(General Problem,

Special Note: After typing the text, Flgures 4 znd 5 were consol-
odated into a single Pigure 4,
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Potential Use of Checking Charts by Ordinary Engineers

People may argue that Steinmetz was a genlus and how can you expect the
ordinary engineer to deal with both the engineering and the soclological
aspects of his work. Furthermore, some people point out that Steinmetz was
8 bachelor without family responsibilities. My thesis is that any new
discovery 1in sclence or invention in engineering has far-reaching impli-
catione throughout all human activity. Further I claim that the ordinary
engineer,who does not have nuch spare time on account of his basic engineer-
ing work and his fenily responsibilities, can find short cuts to understand-
ing the social implications of his work through devices such as the checking
chart of Figure 4, I have faith that the engineer can fulfill his soclal

respensliblllity to help make the results of hils work be utilized 1n tune with
mankind 's highest aspiratiocns™,

To fulfill his social reswonsibility the engineer must understand that
it 12 a responsibility he shares with many people both inside and outside
his profession, He may not need to devote a tremendous amount of tinme and
energy to the social implications of his work. The key to success lies in
leveloping a fruitful perspective of the relationship of his work to the
soclety in which he 1ives. The checking chart of Figure 4 is suggested as
an ald to each enginesr in developing his own perspective. The ordinary
2ngineer need not expect his activity to encompass the range of Steinaetz
narked on Flgure 4, He may have a group of friends end correspondents who
rover different areas of the checking cnart or he may =naintaln contact with
11fferent organizations which cover different areas of the chart. A saaple
thert is shown in Filgure 6, which illustrates the case of an electrical
ingineer who has established a network of coanunication channels which
mable him to discharge his sccial responsibility with a pininum of effort.
.n this exanple of an hypothetical englneer, he does not by himself cover
.he whole agrea, but has friends who cover parts of the area and share with

iim thelr understanding of the problems of our conplex industrial civili-
:ation,

In this example shown in Figure 6 our electrical engineer belongs to hils
echnical society: American Iastitute of Electrical Engineerséhnd his
rofessional soclety: National Society of Professional ingineers (NSPE)

r an effilliated state soclety., In addition to the normal newspapers and
agazines he reads two magazines having opposing viewpoints: Fortune,
epresenting the viewpoint of business nmanagement, and the Monthly Review, ~
epresenting an independent socialist viewpoint, Our idealized 'ordinary"
ngineer might also contribute finanelally to the Student Y.M.C.A. progran
r some equivalent group of his particular religious falth so that some
ngineering students having edvisors of the "“philosophy there's nothing-
n-it school” might some comrunication channels available for contact with
he history of mankind's cultural achlevenents and agpirations. He might
ubscribe to & news bulletin ol the Dexsocratic or Republican Party to gain

sense of what kind of issues the practical politicians are prepared to
tacuas.

Our electrical engineer could rely upon a physics professor friend who
b>llows the activitles of the United Nations Educational, Scientifle, and
1ltural Orgeanization (UNESCC)}, and follows some of the projects at a
:ighboring behavioral sclence ressarch center to tell him about special
svelopnents in these areas dealing with the application in society of new

A 1ist of quotatlions 1llustreting the comaon ideals of the principal

religlons of the world ls reprinted from &n edlitoral from THINK Magazine
on pare 15 of this nmemoranda.
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Figure 6, Example of Checking Chart Used to Show
Coverage of the Areas of Social Responsibllity

engineering products. Our engineer might also know a professor of math-
eratical blophyslics who also maintained contact with the behavioral
gciences and was a source of informatlion on civlil liberties and radiation
fallout problems through his membership in the American Civil Libertiles
Union (ACLU) and the Federation of American Scientists (Fas).

Our electrlical engineer in industry aight maintain contact with an
engineering nrofessor whose conscience csuses him to take a pacifist stand,
From this friend our engineer could occasionally get information about how
organizations such as the Society for Social Responsibillty in Sclence
(SSRS) and the Fellowshiop of Reconcilliation (FOR) are tackling the
problens of our society.

Conclusions

The recent interest in the socleal problems of automatlon and the appli-
cation of computers in our civilization is a healthy sign that sone
englneers are developing a perspective of how thelr special fleld relates



