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ABSTRACT ., . . )
The Master's Degree Program in Cybernetic Systems was
proposed a decade ago as an 1nterdlsciplinary problem-solving
oriented educational effort. Impleménted seven years ago, it has
developed into a successful continuing education vehicle for
mid-career prefessionals. Those propesing the program recognized that
_without ‘quidelines to follow, it must be developed using feedback-
gained from students, faculty, and profe551onals. As presently
.offered, the program is flexible and openrended in terms of electives
and theses topics. Graduates have developed emphases in a vide range
of subject matter and have applied their newly learned tools to
improve their current situations or to redirect their careers. Out of
the 100 graduates, about 30 have engineering backgrounds. Some of the
coursework is delivered over instructional television (ITV) via the
Association for Continuing EBducation (ACE) and the Stanford ITV
Network. It is anticipated that ACE will".assume a regional 1eadersh1p
role in the certification.and recertification of professionals. It is .
believed that the.concepts of the ?bernetlc systems program will be
extended to levels of education both below and above +hat of the
current master's level. (LS) / .
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THE DEVELOPMENT OF A CONTINUING EDUCATION PROGRAM
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MID-CAREER PROFESSIONALS

.

N )
Norman 0. Gunderson . * o
. 7 Cyberné#ic Systems Program

. . San Jose State University

Abstract

The Master's Degree Program in Cybernetic Systems, -now
seven years old, has proven to be an effective continuing
education vehicle for professionals of diverse backgrounds
of education and experience. Based on tools from cyber-
netics, systems and computers, the flexible pragram is
-especially attractive to mid-career engineers. The more
than 30 graduates with engineering education backgrounds
have gained new tools with which to attack complex problems .
whether in their current job or in planned redirection of -
their careers, With few guidelines to follow, the program :
has been developed in phases with a constant use of feed-
back from faculty, students and area professionals in
making adjustments_to courses and sequences. *To meet
changing needs, some coursework is offered at off-campus .-
sites and over the Stanford/ACE ITV Network. . Even though :
well accepted by students and area professionals, tradition-
bound institutional administrators and committees have been .
skeptical of the innovative program. The next phases of :
development anticipate extending the basic concepts to both

. the undergraduate level and the doctorate level, the latter
in the area of “systems studies” to be offered jointly with
a senior institutian. , o

- \

’Presented_at the Annual,Meeting of\?ﬁe American Society for
Engineering Education, Ft. Collins, Colorado, June 18, 1975,
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INTRODUCTION © . . 1
Complex societal probfems,rgquire unique intérdiscip]inary problem T

sqjying efforts. Teams made up of individuals having backgrounds of . )/
education and experience in the disciplines pertinent to the problem at

hand but sharing a common language and set of problem solving tools must

¢

be formed. Lip service is given to this need%for‘interdisciplﬁnary effort

but attempts to provide educational opportunipy often are haméered in

discipline oriented educational environments. . ,f:
' The Master's Degree°Progfam in Cybernetic Systems of Sén.Qose ézate

University, proposed a decade ago and now seven years old, provi&es a

_case §tudy in lessons learned when propgéing unorthodox curricu]a and

achievements that can be realized with the help of understanding faculty,

reégptiJe students, and off-campus supporters. Of special interest is

the opportunity fhe Program has provided the mid-career profeésiona];,

especially engineers, to develop new problem solving tools an& thus new

career paths. “’—-‘hﬂ\\‘~

-

f?his paper reviews the pﬁoposal.gf the mid-60's, the'development X
from 1968 to date,. the program of 1975-76, and its success as a continu- a
ing edgcation vehicle with some o#’the coursework offered off-campﬁs and -
over ITV. Projeétfons are made of its future which includes an expanded
*iTV‘delivery and extension of %ts concepts to both undergraddate and

doctoﬁalslevels.

s
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and Man was started in 1964. With the experience of developing and

_THE VISIQN OF THE 1960's

The introductory paragraph of a_ paper de11vered in 1965 expressed
the concern of a few eng1neer1ng facuTty of San Jose State Un1vers1ty
Th1s paragraph bears repeat1ng "The 1mpact of tegﬁﬁo1ogy on the social,

political, economic, and moral structure is ev1dent from the increasing

use of such terms as 'automation', 'the computer revolution', 'cybernation',

‘man-machine moralitya, and the 'technological society'. These'descrjbe
areas of concern and challenge which demand new educational patteé%s in
engtneering as well as other disciplines."1 ‘
In consjdering’the above, questgons such as "is full employment
achievable in an automated society?", "what ahout derelopfng nations.and
advanoing technology?", and "how do we getgpeople tboether,to attack such
complexities from a base of common 1an§uage and prob]em so]ving tools?" ,
were paramount. There were.conflicts of views, an absence of answers,
and a lack of direction a decade ago. Few would’ say that the s1tuat1on
has improved since. , N z% .
The projections of Donald N. Michael in hislbooklet, "Cybernatton?
The Silent Conquést", se%@§§ to be‘espéCQally percebtive.z Based on the
foresight of Michael and others, a single oourse entitled Cybernation .

offering the oourse as a foundation, integrated baccalaureate. and master's

~

degree programs to be called Cybernetic Systems were designed and proposed

_to the institutfon. The intent was to bring disparate disciplines together

through the‘]anguages of cybernetics, conputers andisystems, and have

-

.them work as teams on complex problems. ,




ay

it - ,
. .

.In terms of the intended breadth of thé Progrém, the title Cybernetic
Sysfems‘seemed appropriate. To Norbert Wiener of MIT who coined the word,,
- cybernetics was the science of communication and control, whether aprieH
to the 11Vi£§ world or to the inanimate machine. In his wrifings, he used
the'term cybernetic systems to descr{be situations‘rangiﬁé from the simple
. feedback relationship existing Between he and ﬁisAsécretary during dicta-
tion or to the most complex social or technical systems. "Systems",
'(‘ ' _long ‘in thé'dgmain of the ehgin&er, were understood to be made up of
components héving indiyidua] gttribuges with all system components inter-
-related apd each having effects on other components. ~ 7
If the interest and support of students and faculty from non-quanti-

r .

‘tative based disciplines was to be gained, titles such as i’syst:emfs

i

. engineering", "operations research", "systems analysis", "igformation
science", "systems science", etc., had to be avoided. Everyone had to be .
~ _able to relate their interests and background to the title. People from '
- the soff sciences and the arts had to be accepted as equals to those from
mathematicé]]y based sciences, with opportumity provided the former for
attainment of a reaéoﬁab]e ieve] of mathématical awareness. The breadth ~ ]
inferred by the words Cybernetic Systems made it a Togical title, even
xhqggh it‘existed nowhere else in higher edqcation. As 1ear9ed in the pro-;
. cegg of proposal, implementation, and survival, it iéﬁnJ%

h easier t0»coby

$ than to be unique.

Y
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FROM_PROPOSAL TO IMPLEHENTATION, 196568

- Cyberneéic Systems as a concept with potential for all was

~ introduced to the campus in 1965 and those with interest were invited
to join the initial cadre. There was some understanding and support,

) but by and Targe administrators and‘facu1ty tended to draw their disci-
pline based wagon trains into tighter circles. Students and off-campus
brofessiona]s gained an appreciation for the concept and kept pressing
facu]ty to take that one more step. _ ' '

School- of Engineering facutty were largely skeptical, contending that
any systems based educational program should ré%%ire all participants to
have had  courses such as differential equations. Fortunately, the
proposal was identified as interdiscip]ihary and if. approved was to be
administrative]y housed other than in Engineering; thﬁs the Program did
not fall under the control of an éngineering curriculum committee.

Support from pFofess1ona1s of the high-technology community surround-
iﬁg San Josg State University began deve]bping and a number of meetingsﬂw

to include an industry sbonsored Tuncheon for the skeptics were held.

Through persistent éffori; the proposal was finally permitted to be ¢

forwardegvto the Office 6? the Chancellor and the Trustees.

Chan%e]]or s OffTEE personnel were receptive to the Master S Degree
asdect of the proposal but rejected the undergraduate level on the basis

. { .
" that further fragmentation of proliferating disciplines was unwise. The
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- The presence ‘on the'Bﬁ%rd of Trusteee of Dr. Simon Rama, inter-
nationally respected‘engineer and industriaiist, was a ke} factor ip
finally gaining approve1;“ Baeed on the awareness of the power of the
systems approach infattaeking come]exity, as expressed in his book
" Cure for Chaos",3 he understood the intended thrust o# the proposal

and recommended approval to h1s Trustee assoc1ates But then, even

’ though approved for 1mp1ementat1on in 1968, local adm1n1strators and

comnittees wanted to delay Until 1970 in order to gain more time for
(-3 .
study. Pressure of students and faculty brought the implementation

back to the 1968 date.

(

PROGRAM DEVELOPMENT, 1963—4975
Those\proposing fhe.Program recognized that without guidelines to.
follow, it would have to be devefoped ig ﬁﬁases, always using feedback
gained from students, faculty, and professionals in constant revision of

courses and sequences. There were books written for courses in systems

engineering, opérations research, ané information science but practically

‘all assumed a high]y mathematical ‘stance and assumed the users to be of

a common mo]d in terms of backgrounds’ and'obJect1ves In practically

all courses of the frogram, portions of a number of textbooks as well as

up-to-date art1c1es from journals and proceed1ngs had to be used, The
situation sti]l exists, althaugh there are a grow1ng number of texts
apgropr1ate to the interdisciplinary nature of the Program.

Faculty teaching in %ﬂe Program have been and are intentionally

drawn from diverse discip]iAe and experience backgrounds from both’on
s

8

PP T T S




LS A
. ""«p‘

‘ . . .
S Lo F
)

’ t\\/

and off campus. These individuals br1ng to courses the1r own>versions ' *f

of cybernetic systems and this has prov1ded invaluable input. There was

no jntent to have full-time facu]ty'assigned to the Program; it was

belieyed thét joint appointments would provide for more f]exﬁbiff%y.
Meshing the gfforts of the 30 or more individuals' who teach fraEt:ioha]
loads either steadily or ihtermitfent]y in the Program is an obvious
but productive challenge. ) ] .

The richest source of ideas has been the student group involved.
Most a%e in their thirties, with éges ranging from 25 through 60. Three-
fourths are concurrently emp]oye& in area high technology en%erprise.
A third have backgrounds in engfneering;.mathematics, or science. A
fifth com¢ from business curriculum backgrounds aﬁd the remainder from
the toﬁa] remaining spectfum of discip]ines.‘ Ideas for course revisions
and new courses are proposed each semester and are welcomed and in many
instances 1mp1emented the next semester.

The Program of 1975 as shown in the figure is somewhat different than
that proposed in 1968, 'but is still based on the original cencept of
developing among problem solvers a common.janguage based on cybernetics:

systé%s and‘comﬁd%ers such that better attacks on complexity can be

.

mounted. The Program recognizes that social, biological, and physical
systems may be treated analogously. A hea]th-care system, the human

i

nervous' system, and a comp]ex natyral or man-made environmental sysf'ﬁ
game way in terms of objectivity and

shoqu be able to be treated the

analytical thought. These are all cybernetic (feedback) syétems and

involve jnput, output, sensdrs and feedback. The same mental skills are

essential to the analysis and synthesis of each.




wag
pag

weg

-pug .

wos
3181

*aead 2uo uy wuwwasa
‘weadoag sLs qfy jo0

b

Ino L11e303 aq osye AeRy xy \

* Spunexdyoeq  [enpiratpur uodn puadep Laessadau $98IN0)

S3ITUN 0€ - JTWAq ¢,4TLSVR

|  uoljeulwexy 1eiQ oA

S

s

|
1SUSYa3duo) pue (s3jun £€) SIsayl 3Jo asuojaq ]

: |

§80139ul9qA) Ul sd1doy 0adg-062
$0130w19q4n TvueTRezIUeSi0-0gZ
$0739Waq4) u02z-00g-(0/2
§0139UXAQL) TUCITAUF-092
$3132u13q4) TUdNPI-0GZ
$0132uraqLo0T1g-GhZ

|
|
_
|

o .

¢

: ) 80139UT9qL) - [RI0TARYE-OYZ wag
[ocz] [ozz] SPOYIaH $ISAS PIOUEAPY-GZZ | QH ﬂ yay
8184g 00§ ST SUWODHISI-8TZ | : X
, Jmduy UOTIPWIOIUT-9TZ ‘ weg
912 £109Yy] 83845 TeIdULDH-T1Z | ,_.Id._.ﬁ,@ pag
1938uea] LJorouyoal-goz h
JuswWsessy A3010uq091-907 ! ) wog
/HNHNJ_EN } [ooz ] 821pN3s SaanIng-yQz u [etz] Joiz| puz
L ] ¥¥ 8IIUN 21 - SHAILOATH | ., (20) . I0/pue
- . [ ) ‘ o1 _8~:* ] s -
¢4} IeutmeS SRIBAS-0LZ W \
(2) sbuydsy sds jyo 1ddy-pzz | h
(€) uotaeInmis welsds-y1z |Kz) | Surtspey &éﬁﬂ
- ) Sotweudqg waishs-z1z |K2) sfleuy [eo13eweylwR-T111
. , (€)uloy weay pue addy s$£s-g1g (2)3,qutyr 2at3eatauend-o11f.
(2) 4391005 1e018010UY0R1-00Z (KE) | sTIWpUg 1os a3dy-g
‘ sotweudq we3sig o3
) 831Un ST - SISYN0D HHOD | x931sInbaiaxg stooy
spunoagyoeg . ‘ mv::ouwxo«m
P .._uaz woxg » Yyierm-uoy woag
. ) N B | |
[ INI'TAIOSIA ANV NI 3I4DAQ *S°€ 30 gy | U ]
O - - -
(9£-SL61) \
S HIISVR

- SWILSAS JILINMAGAD NI WVID0¥d IHUDIA

~
0

ALISYIAINA 3IIVIS ISOL NVS

>

3

.

\

10




\‘\4

"The fifth and sixth courses of“the core, Applications of Systems Techmiques

S ' . THE PROGRAM OF 1975-76

As:of the fall of 1975 the 30 semester unit Program w11] cons1st
of a core of 15 un1ts, 12 untts of electives of the student's cho1ce,

and a three-un1t thesis. The first two core courses, The Technological

Society and The Systems Approach’and Team Action, are non-quantitative

in nature and emphasize the philosophy and methodology of systems thinking.
This permits the student Tacking a quantitative preparation time to get
involved in the program and to take one, two, or all three of the espe-
cially designed mathematics courses in preparation for the next core

‘courses. These are of a quantitative nature and are entitled System

Dynamios and System Simulation. The special mathematics course§_do not

earn degree credit for Cybernetic Systems majors and are applications

oriented, a feature which is drawing an increasing number ot enrollees

from other maJors both undergraduate and graduate, who take them as

electives. “Ind1vidua]s completing these courses obviously won 't have the

quantitative sk1]]s of the engineer1ng or mathemat1cs major but w1]] know
O

the re]evance of the quant1tat1ve tools being used and can work comfort-

ably along with a team 1nvq]ved 1n simulation or decision analysis studies.

and Systems Seminar, continue the practice of team work begun in the first

core courses and involve ]arger and more comp]ex prob]ems 3
w1ener called cybernet1cs*the "cement of soc1ety" and it is within

this context that the" Program 1s 1ntent1ona]1y open-ended and flexible.

With the concepts of cybernet1cs afid systems as a foundationy the real

significance to the 1nd1v1dua] stygént Ties largely in the design of a
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mean1ngfu1 e]ect1ve pattern made up of courses e1ther from Cybernetic

-

Systems .or e]sewhere and a compatxb]e thesns Students are urged to

et ‘4 a{

select rea]-wor]d prob]ems of a futures-oriented nature for the1r theses

~and to app]y systems tools in attempted so]ut1ons Encouragement is -

given students to associate coursework and theses with bus1ness, industry,
education, and government and, if possible, to write theses on problems
present or lying on.the horizon of spec1f1c organ1zat1ons. Coord1nated

theses efforts of two or more students are encouraged

Program e]ect1ve courses have been deve]oped 1n Futures Studies,

Technology Transfer, Technology Assessment, Teﬁecommun1cat1ons as Social

Systems, General Systems Theory, B1ocybernet1g§' Behavioral«Cybernetics,

and Advanced Systems Methods. There is a.special‘topics course in which
cybernetic principles are applied to current problems; typical one-time

offerings have béen The Low Energy Society, Strategic Futures Planning:

Energx’and Techniqa]pInvention Processes, all offered live over the

Stanford/ACE ITV Network. With the failure of traditional departments

8

to recognize the subject matters as valid areas of inquiry for students ,

and facu1ty, courses in the ‘areas of parapsychology and Kelso's Two- .

4

. }
Factor Theory economics  may be offered in 1975-76. In order to cover

@

_ the full range of student interests, courses are offered in theg&ﬁeds of

educational, environmental, sqcio-economic, and organizational- systems,
d Fa .

. 4 » »
all with the word cybernetics as a suffix. . .

LY

Full adVantage’is taken otrthe varied backgrounds of “interest anhd -‘._"

]

expertise of the matare students in the development of. new courses and

LI ) ' . [
the improvement of existing ones. An instructor can never assume that
F 4 ' -

-




s/he is "the" expert in any course because within the student group there

is a]ways one or more mature students who has experience or is very well

-read in the area. . Eopemost—coursesy the—titie —factTitator—is more

appropriate than that of instructor Graduates of the Program have in
many‘cases proven to be the better instructors of courses taken.but one ¥
or two semesters previously because they have a better awareness of the
student mix;and the objectives of téz program Further, they recognize
that it can never be assumed that the indiv1dual from a highly quantita-
tive background. is better able to underitand and interpret comp]exity .
than the person from the humanities and arts —-too often the reverse is ,
true with the latter taking the constructive and ereatiVe leadership.

To date, approximately 100 master s.degrees have been awarded.
Theses have been written on problems requiring graduate 1eve1 mathematics

as well as those of a non-quantitative nature having to do W1th such

LN

things as improving communications within a large and complex organiza-.
tion. Thé™ important and common requirement is that all theses must use
concepts emphasized in the core in an attempted solution of a comp]ex

and futures oriented prob]em

CRITICISM OF THE PROGRAM

L

graduates high: techno]ogy enterprise and government, and. the success of

":graduates in changing career directTons and getting jobs, institutional

administrators and somé faculty and committees still maintain a skeptical

S

Despite the acceptance of the Program by students, supporting tacuity, .

4
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attitude. Issues raised by this year's University Graduate Studies
Committee, and capsulized in the next paragraph, i]]ustrate the reluc-
tanéé to_accept_ideas not wrapped in the—respectability_of_tragitional—i
and commonly named disciplines.

Can you name the specific categories of jobs where graduates of this
program can be expected to be emp]oyed? Entrance requirements should
specify expected specific quantitative ski]] Tevels! There is no
entrance requirement -of a bache]or's degree from an accredited institu-
tion in the same discipline! Thus, develop a comprehensive means to
determine the suitabi]dty of a student for the Program! Develop a method
for hscerta1n1ng an 1ncom1ng student's 1nterd1sc1p11nary aptitude and
capabilities! Change the title to one.that is s1mp1e, self-explanatory,
and easily identifiable with the academic contents of the Program: There
is no national or regional accreditation agency for such a program;
therefore, hire knouledgable, outside and impartial consultants! What
are the societa] needs and demand for graduates of the program?

Presumab]y, the committee wou]d like to have the security of be1ng
ab]e to columpize comparisons with’ 1dent1ca1 programs at Berkeley, Ann

Arbor, or Cambridge But there are none Even for the o]dest, most

ol
tradition bound, and narrow]y spec1a11zed curricu]um, the committee would .

.f1nd answers to such quest1ons elusive. The complexity of today' s ‘

uncertain socio-economic-political situation is compounded,by rapidly

changing techno]ogy in a way never before encountered. .

-
g“v ‘s

Who knows what most graduates are going to be doing five years hence?

Sl‘

' May not the phi]osophy of systems thinking be as 1mportant as the ab111ty

’

¥
¢




" the faculty to gain n understanding and render éupport to the Cybernetic

-of education and experience.

to quantify a system when look1ng at soc1eta1 problenis of pressing

-

1mportance? Just what does accrea1tat1on mean anyway, now that all

whg_seek become accredited? Can't people be taught to work together

—_ B e

- /
in interdiscipTinary teams by means of group dynamics techniques?

Considering the breadth of the meaning of cybernetics and of systems;

. I T

what is a better name for a program addressing'itself to managing com-
plexity? 'In a cybernated soc1ety w1th resource scarc1t1es population
pressures, changes 12§wor1d power structures, and which 1acks Job making
wars and space exploration effortS, just what are the needs for spebific
numbers of thé’products of any traditional curricu]um? An' oVervj ew of

higher education wou]d certainly indicate that almost all curricula have

problems now or on the horizon.

THE PROGRAM AS A CONTINUING EDUCATION VEHICLE -

4

g -
Despite the hési?ﬁncy of the university administration and some of -

Systems Program, it continues to grow in quajity and acceptance by
students, area professionals, and high technology enterprise. It has
been especially successful as a continuing education vehicle fnn a broad
spectrum of professionals, many of wnom areffrom engineering background§
In recognition of thefprobaE]e interest of the concurrently employed
professiona] most coursework from the very beginning has been offered

»~

in the late afternoon and even1ng The_need to bring the Program to‘the

N i - 1.
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students at their worksites’either by offering courses qft,campds or by
1nstructiona1 te]ev1s1on were also foreseen - ) ‘

The opportunity to exper1ment with ITV 8 a de11very techno1ogy
presented itself in 1972 when the Assoc1at1on for Continuing Educat1on P

" (ACE) offefed broadcast time for Tive Program courses. ACE is a non-

Fah

b

profit corporation which affers a wide varlety of 11ve te1ev1sed ‘courses
to employees of San Francisco Bay Area firms that are'members of t@e
Stanford Instructional Television Network. During 1974775’St@nford
te]evised 150 graduate engineering, mathemetics, and science courses. and | :
registered over 2400 television enrollments. Usiné honrs when §tantord
classes are not sthedu]ed,'ACE and it's affiliated institutions televised
éo courses and registered nearly 4000 television enroﬂrnents.5 ; . >

The receptivity of the management and many member conpanies of.ACE to j
the Cybernetic Systems Program has been an important factor in the'devel-
onment of the Program in the area of continuing education. The premises
which form the basis for the successfu] re]at1onsn1p between the Program, o
of San Jose State Un1vers1ty, as a programming source, and ACE, as the

-

de]tvery system are as follows:
g

1. Many professionals in engineering‘entit1ed positions héve backgrounds

O

of education in %ie]ds other than engineering,‘e g., mathematics,
chemistry, psychn]ogy, and industrial stud1es having deve]oped the1r
expert1se throug\ Tong exper1ence

- 2. Many engineers atlmidcareer are in middle management./positions in :

which mathematica{ tool$ used in advanced engineering coursework of

today .are of littie importance; these engineers would benefit,




w

tools.

however, from overview courses emphasizing the applications of such

.

Many engineers at midcareer in technical positions are i1l prepared
to compete with younger more recently educated eng1neers in course~
work requ1r1ng mathematical tools which they have either not had or

- - .

not retained. .

Many of the professionals in the above categories turn away from
highly specialized technical courses but have interests in courses

of a general big-picture nature,,e.g.,_In%ormation Management taught
nﬁth a phi]osophicai“orientation to'inclode such. matters as minimtzing
computer abuse but wh1ch would st111 require a prerequ1s1te of a '
sophist1cated understand1ng of computer architecture and software

In contrast, a course 1n Informat1on Management taught w1th a pr1mary

¥ ,)

" emphasis on the techn1ca1 detail of hardware and software des1gn may

’

be 'of lesser interest and use. o
Having become involmed'dqring World War II in’technical‘endeavors
for whicn_they had native ab%]ity but never having had time, initia-
tive, and/or opoortonity toiatteno school, many individuals occupy
technioaf positions”of sfgnificance even though not holding a degree

or certificate.

.' Many midcareer engineers have deve]opea highfy specialized talents,

SO spec1a11zed in fact that they find lack of opportunity to move to .
other jobs when their project is f1n1shed e.g., an engineer in h1gh-
vacuum work in environmental test chamber research, deve]opment and

design. He has sophisticated capab111t1es in instrumentat1on and

¢
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control that combined with an interest ih bio-medica] instrumentation
and opportunity for study outside his preVious discipline can change
his career direction to the advantage of both himself and ‘society. .

7. Many engineers'and'their associated profeSSionais lack awareness of
the tools of the "systzms_approach," i.e., how't§§define the prob]em;
establish objectives and identify constraints, deveigp and analyze
alternatives, and finally, select the optimum so]utionkto include
human values. |

. 8, éocietal and technical problems of today and tomorrow are of such

complexity that they are most amenable to solution if worked on dx

teams made up of individuals from disciplines pertinent to the proB]em '

at hand, all members sharing an understanding of probiem 501Ving tech-

,J:

o @ . hiques based on computer based systeﬂ'dynamics. : v 7 \ g%
5 z‘» ?
9. Except in advariced technical discipline-based courses mid-career

r.:

9

s

[

professionals bring to courses a mixed bag of expertise which instrgc~ ii,

__ tors should take advantage of by encouraging student contribution and%n i
participation in 1ieu of but a "sit and listen" type -of course. 'if{

' 10. The energy crisis is rea] and perSistent and will not go away, thus g%.
making ITv educationa] technology more important than in the past th%r ]
methodology is cost effective for the .individual ‘who saves time and

money in fewer commute trips to campus. ”

*é

5 .
1. Modern audio and Video educational technology can be used to the costaﬂ .

effective’ advantage of institutions in a consortium in which the ta]e

available to each are shared.

.
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The Program is thus‘considered to be valid as continuing'education :
for today's world and deiiverabie using modern technology. It is suited
to the needs of indiv1dua1s ‘seeking a degree or to those Wishing to take
but one or two courses for specific know]edge or tools.

Preference over the new inexperienced baccalaureate holder is given ,
the mature student‘in maintaining a steady-state graduate student body of
about- 125, approximately three-fourths of whom are concurrently empibyed.
In many cases, those from discipline backgrounds such as philosophy are
working as systems analysts or in engineering entitled positions.j

The mid-career engineer seeking the Cybernetic Systems Master's
Degree is generai]y the farsighted indiv1dua1 wishing to work on more

complex prob]ems and recogn121ng his need for new tools. Such individuals

<a

recognize the broad. applicability of the Program to solutions of'probiens

immediateiy at hand in their organizations or those on the horizon in a

possible new career path. The core plus a good choice of electives and a

good thesis may enable the aerospace engineer to develop a better computer

auditing system ior the corporation. The engineer hauing a chemistry .
baccalauredte may develop an improved quality assurance system. An
operations analyst with a mathematics/1ife sciences baccalaureate may
develop a new systeins simu]atiop;program for a governmental agency.

Some examples of this year of mid-career engineers accomplishing.
changes of directions are especially interesting. One deveioped a special
interest in hearing‘and sight problems from courses in behavioral cyber-
netics and biocybernetics; with electives in the Tife sciences and an

experience background in instrumentation, he was admitted to one of the.

best medical schools at the age of 36. An eiectricai engineer at the

-t
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~age of 50 with some exper1ence in 1ndustr1a1 rea] estate appra1sa1
took électives in bus1ness a paper based on his thesis won nat1ona1
recognition for a new computerized appraisal method based on concepts
gained in the Program. A.retired navy officer, employed in electronics
and aerospace management ehgineering on the East coast, retired for a

~ second time and moved to the San Jose area; after comp}et1ng the Program

l

at age 60 and writing a thesis on the cybernetics of organ1zat1ons, he is
. NowW 1n his third career and applying his thesis concept to the restruc-

. j v
turing of a large firm. These are bqt a few examples of changes that

individuals have been able to achieve through the fleijte program.

v

-

In many cases, achieving another degree is not~%ver1y important
" to the individual or the emp]oye#. New knowledge gained in either in-
hopse courses, in short courses, or in one or more courses taken from ao
educational institution will sufticel—‘In‘theée-ingiances, a certificate
attesting'to achievement is desirable a personnel performance eva}uation‘
times. ' _ ' :
ACE presently offers two types otwcertificates, a State of the Art’,
Certificate which indicatea than an employee has taken one orimore
coursés in a certain subject matter area and'a Management Development
Certificate following completion of four. specified courses in the area
of business and supervisory management. These are awarded to individua]s
a]ready having advanced degrees. as well as those W1thout bacca]aureate

degrees. In recognition of this real need, the Cybernetic Systems Program

has dgveloped a Continuing Education Certificate for the person not

interested in a degree but who takes one or more coursés.




}
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i 1sﬁrative agent for a "regional continuing education cepter.”
Although now primarily concerned with ITV based coursework, ACE
could serve §s the "credit bank"™ for courses taken by individuals

‘either’by ITY or on various campuses or in short courses offered by

!

industry.
To provide for the continuing educatién needs of professionals nﬁt
emp]o;eg}by ompanies belonging to the curreni network, ACE would have
to negotiate for either repted or‘dqnated space in office buildings or
~community dlleges in major employment centers and install ITV retejving
bcapapi]itﬁes in the established classrooms. Employees of banks, govern-
menté] agéncies, insurance companies, and other enterprise would be
expected to use the facilities. : _
While serving primarily as a manager and credit bank, ACE cquld
‘also proviqe certificates or rece%fifiggigons. An education institution
of‘a professional Eociety wishing to grant the ;ertiffcate based on.f
credits evidenced fn the ACE office could.do so, or any two,pf atl

three could collaborate in the offering of the certificate,

5 -

Many employees at ITV receiving sites have taken courses offered .

by more than one of the network participants. In general, the courses

)

»
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taken by an. 1nd1v1dua1 when reviewed as a package would reflect a subJect

matter direction; the individual, however, is not interested in a formal
degree. An exampie, again based on pervasive advancing‘eomputer teehr
nology, might be:the ihdivfdue] who takes the four courses for the ACE
Managemenf Deve]opment Certificate (iZ'quarter units 6; 8 semester units)
and System Dynamics, System Modeling, and InfOrmation Management from

the Cybernet%c Systehe Program of SJSU (totals to 9 semester uhits), and
Seminar in Current Economic Problems (3 semester units) from Golden Gate

University for a total of 20 semester units. A1l courses could be taken

5
-5

over ITV but wouldn't neceséari]y have to be. . .
The 1nd1v1dua1 tak1ng the above concentrat1oh would have enhanced

h1s understand1ng of financial, operational and organ1zat1ona1 aspects .
of his job responsibilities as interpretable from computer modeling and
simulation. -A certificate attesting to this enhanced level of knowledgé
and ability would be‘justified and sought after. Any number of combina-
fions eou]d be worked out by the employee. and his manager who would
become a co-partner with ACE and edutational institution representatives

' lin'the advising and approval of the program end'certification of the
employees satisfactory completion. This certificate program would be a
close parallel to the Recert{fication Program described later.

Sepstt

By lending 1ts name to the cert1f1cate, the educational 1nst1tut1on

| wou]d in effect be accept1ng coﬂrsework deve]oped and taught with

industry/government sponsorship. Whether the non-1nst1tut1ona1 course-
werk could Tater be used for formal degree credit would pose prob]ems.”

<It has been obseﬁved, fowever, that instructbrs of ACE courses are well

R2 -
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prepared both in terms of expertise and téaching{apility and that the
amount of work and level of performance demanded of enrollees is high.-
It would seem that methods of evaluating the knowledge of an individual
seek1ng credit for industry offered coursework cou]d be deve]oped, the ;
existing "credit by exam1nat1on“‘route would provide to some extent but |
a greater degree of flexibiTity would be desirable.

Recertification is an expansion of the certification process with-
teeth in it. Within California, the medical doctor must certify to the
Ca]iforn1a Medical Association each year the completion of so many hours
of GOntinU1ﬁg education — his nurse will be¥in to do the same in 1975.
“The Certified Professional Accountant must have on record with the State
of Califérnia CPA licensing board a record of 40 hours of continuing
educat1on per year in order to ma1nta1n his L1cense The attorney
£1a1m1ng a specialty must haye on file with his Ticensing agency a
reé;rd of at Teast 20 hours of work. The éontinuipg edugation can be
taken in many forms — short courses, ﬁecfures, conferences, audio and
video tapes, and reading substantiated by the completion of a work book.

’ In contrast to the above brofessié%a]s, the engineer not only in .
many cases -disdains regiétration but those registered resist attempfs to

implement required continuing education programs By either the Board of

Professional Engineers or their technical or professional societies.

But it does seem that the trend among occupational groups is towards

continuing education.

’ *

The probosed expanded program of contfnﬁing education for. a high

technology area could provide the basis for the possible acceptance of

N

23




.

a certification or recertification praogram by engineers: Much, of the
resistance to required continuing education has-arisen because of the
practtcing engineer's conviction that_the academic community was trying
‘_ to build but another beaurocracy. ‘The proposed "regional center",wod1d
deemphasize the traditional academicians role. ‘ SF X

ITV, either live or by video-tape, would be an important component..'
of the delivery of the continuing education by the engineer as well as
other professionals. Desirably, representatives of industry and pro-
fessional societies would work with the professionals concerned and the
intended instructors either from universities or industry/government in
the deve]opment of both the sequences of courses, the individual courses;
and the content of lectures. This could effectively be accomplished

'ethrough the proposed proﬁram.

The_development of suitable instructional packages for the mid-career _,
profess1ona1 wou]d provide a challenge somewhat different than that en-
countered in deve]op1ng a typical undergraduate course. The spectrum of
backgrounds, experiences, interests based on current jobs and those

. anticipated, and abilities to recall knowledge fundamental to the course
wou]d'be tremendous1; broad.

Instructors of coursework in the interdiscip]inary Cybernetic Systems
Program have encountered this problem even more because of the diversﬁty
of disciplines; offering tne course.over ITV having a 1ive talk-back is L
even more challenging. But once naving given the day's Tecture and being

able to note deficiencies, a good instructor could offer the same content

- a few hours or days later under controlled conditions. With improved

2,




visuals, a videoTtape of hjghiqua1ity,cou1d be produced that.éou]d be
'used. elsewhere. The 1192 taik back aspect and the logistic and admin-
1strat1v£ details usua]ly Tncluded on a tape of an "as given" 1ecture’
would advantageously bé m1351ng ' |
The marketab111ty of. tapes produced under preplanned control 1s

evidenced by the purchase by a p§5§1c1pat1ng company of the total 1nstruc-
‘tional ackage of a supervisory ogﬁrse offered by ACE. In this case, the
practised instructor had a warm-up session of ten minutes to establish

*  rapport w%th his class ;out there," then offered a tightly packagéd 40--
m1nute lTecture with some "p]anted" quest1ons from students to emphas1ze
the Tiveness of the situation, placed h1s course 1dent1f1cat1on card on
the 1ecturn for p1ck up by the overhead camera, and then engaged ina

ten*anute wind-down sess1on with c]ass meﬁgers hav1ng quest1ons The

meat of |the Tecture, which is effect1ve1y usab]e e1sewhere, however, was

1Y
-

in the taped 40-minute port1on

Cods1dering the magnitude of the continuing education prob]em for
the m1djcareer professionals in the many high techno]ogy areas throughout
the cou try,_video-tapes of the type mentioned above would provide the
most cost-effective method of'meeting the need. "App1ioations of Mater-
ials Scﬂence“'as offered by ACE and video-taped with the advanced tech- -
no]ogy df.the Stanford/ACE ITV system_hou]d bé usable in Dallas as well

~as in Boston, Denver, or 0k1ahoma "System ModeTing'l or "Information

. Managemept," courses to be offered by SJSU this fa]] over the network, % «\ i

A

y 'wou1d hﬁfh proper preparat1on be exportabie. Courses developed at other
'
f”1nst1tuﬁ1ons with s1m11ar fac111t1es cou]d be used in the expanded

-r*r”program Pf the Bay Area
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No institution by itself, offeﬁing courses on a term-by-term

basis, would be able to invest the time and money necessary for the

deve]opment of an 1ns¢ruct1ona1 package usable e]sewhere A v1deo=tape

of a course'"as is" hasn't proven successfu] when viewed by an 1nd1v1dua1

-

or.class at another t1ne and place —-much of the time on the tape is

taken up with detail no ]onger pert1nent ~ Thus, there is need for

support by NSF-or other funding sources for the development of 1nstruc-

tJona]vpaekages peculiar to the needs of the m1d7career professional,
such packages to be designed by teams of poteniia1 students, employers,
professional §ocieties,&Qﬂg_ﬁnstrUCéere. Money ié'needed Fb pay the ..
1nsfructd¥, ;upport the extra expenses of his co-deveibpers, media -~
productign, studio-fime, overhead eipenses, efc: .

\ w%th such help, the‘pﬁoblem G¥‘maintaining the "technical vitality"
of the_professional and his odgan12at1on would be a]?ev1aaed in a cost-- .
effect1ve manner. |

b - ’ i . «

THE NEXT DECADE —~ A PROJECTION . - .

The Cybernetic Systems Program concept was brbposed'in']965, a

decade aébg at a time when the country Was engaged in an unpoph]a?,war

~whﬂe at the same time reaching .for the moon. Uhemp]oyment and inf]apion

were modest and unnoticed. Today's situatidn as pbrtrayed by a po]itﬁciaﬁ

_ is that “nobody knows where the heéll the csuntry'is going.. ‘There are no

absoiute]y right answeﬁs, but you've got to be going semewhere."
Just as the political f1gure portrays complexity at the nat1ona1
level, it faces all 1nd1v1dua]$ and organ1zat1ons constant]y Using
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outmoded problem So1ving;techniques, right ans%Ers to anything but the
s1mp1est problems are elusive. '

Those involved in the Cybernetic’ Systems Program believe that the

concepts and methodologies offered in the Program will enhance under-

- .0

standings of social and material reality. Economic crises, ﬁnf1ation,.

‘unemployment, international conflict, urban. deterioration, and stresses

between the individual and tne organization will be more interpretable
and alternative solutions will be better synthesized. The concepts .
apply equa1]y well to societal and to téchno]ogjca1 problems »

With the conviction above and the experience of almost a decade,

it is believed that programs of the Cybernetic Systems type will develop

elsewhere. The methodo]ogies will be applied successfu11y to problems

‘,of increasing complexity.
The concepts of the Program are transferable to educational 1eVe1s_

. both below and aboye the master s degree. Judging by experiences of

some associated w1th the Program, systems concepts are understandab]e
by s1xth graders, poss1b1y more SO than by those w1th ‘doctorates in ;

specialized areas. ‘Jhusz'courses,'sequences, and degree programs will
be developed at the‘baccalaoreate Tevel in four yeardinstitotions, at
the junior college Tevel, and in junior and Senior’nighascnoo]s.:

A}

Communities fac1ng up to comp]ex prob]ems will draw upon teams made up

~of 1nd1v1dua1s of all ages and education Tevels who have been e&posed to

0

cybernetic and systems, concepts. .
For San Jose State Un1vers1ty the extension of the concepts of" the

Cybernetic Systems Program to the doctora1 1eve1 is 1og1ca1 and t1me1y ,

n
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This cou1d be done w1th d senior jinstitution 1n an area to be ca]]ed

“systems studies." The association with a campus of the Un1vers1ty of

California or a pr1vate un1vers1ty is required by the State of Ca11forn1a '

for members.of the, Ca]1forn1a State University and Co]]ege System Th1s

.can be accomplished w1th1n the two to five years or assuredly the next

decade.
As portrayed earlier one of the major roles to be played by the
Program will be in the area of continuing education for a broad spectrum

De11very of much of the coursework of the Program will

+

of professionals
be either at off-cames s1tes or by “ITV in order to economize on the time
and the energy expended by part1c1pants.

As all of the~aboVe occurs ,. boundaries will become more diffuse.
Educational programs will become or1ented to issues and prob1ems and will

emphasize methodo]og1es of ana]yS1s and synthesis 1ead1ng to solutions.

V
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. tools to improve their current 51tuat1ons or to red1rect the1r careegf

3]

,,,,,,,, . ®

" The Master's Degree Frogram in Cybernetic Systems was propdsed a .
decade age asaan.ihterdisciplﬁnary prob]em-so1;ing oriented educational
efforti\ It was_implemented seven years ago, and has developéd into a
.successful continujﬁg educatign vehicle for mid-career professioﬁé]s.

A tradition oriented academic environment does not provide the
bes%lclimate'for estéb]%shmént and'répid development of new interdiéﬁi-
plinary concepts. Tﬁgﬂsupport and pgrsistence of understandihgxstudents,
.faculty, and off-campus prbfegsionaié is essential to survaa] of programs
such as Cybernetic Systéms.

In‘theldevelopment of saew program concepts such as Cybernetic
Systems where there are no guidelines to follow,-the input and feedback
of faculty, students, and prof6551onals from d1verse backgrounds is
essential and must be nurtured Ready-to-use texts are scarce apd
1&structors must be 1pnovat1ve in drawing resource materials from a
broad spéctrum of disciplines. .

A§ presenf]y offered, the Program is flexible and open ended fn

terms of electives and theses topics. Graduates have developed emphases

in a wide range of subject matter and have applied their newly 1earned

-t

Out of the one-hundred graduates about thirty have eng1neering back-
grounds.
~The opportunity to deliver some of thé coursework over va via ACE j

and the Stanford ITV Network has enhanced the value of the Program as a

Ny
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continuing ;ducation vehicle. It is anticipated that an incrgésed
eméhasis will be placed on ITV, with ACE a;suming a regional 1gadershiﬁ
ro]e'f; the areas of certification and recertification of professionals.

P Finally, it is believed that the concept§’of the CybernetiF Systems
will be extended‘to Tevels of educatipn-ﬁoth below and above that of the
current maiter's level. Méjor socig]wproblems will be solved oﬁ]y'when
individuals of all ages and levels of education can understand the roots
of comp]exity and thus learn to better manage it.

-
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