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THE HISTORY OF Tli'"E CASE INSTITUTE OPERATIONS RESE.ARCH GROUP 

by 

R~ssell Lo Ackoff an Eo Leonard Arnoff 

In the ~arly part of 19~1 there occurred at Case Institute of 

Technology two independent events which ~ere to lead to the establish~ 

ment of the first academically seated Operations Research Group in the 

worldo The first event consisted of an offer made to Case by John E~ 

Kusik, Vice President of Finance of the Chesapeake and Ohio Raih1ay 

Companyo l-lro Kusik offered to support a Professorship in Operations 

Research if part of that Professor's time were available to the Co& 06 

for consultation~ Dro Elmer Hutchisson, then acting President of Case, 

discussed this possibility with several departmental chairmen and 

decided to locate this professorship in the newest department on 

campus, the Department of Engineering Administrationo The chairman 

of this department, Clay Ho Hollister, was very anxious to explore the 

implications of Operatio~s Research for industrial management and 

educationo 

The second event consisted of the granting to Case of a research 

and development contract by the UoSn Air Force. This led, in June of 

1951, to the establishment of a resea~ch unit, Project Doan Brook~ 

Its director, Professor Stuart Po Cooke, in planning for his staff, 

felt the need of an Operations Research Groupa While part-time aid 

of several members of the case faculty who had previous experience 

in military operations research was obtained, Professor Cooke also 

sought a small full~time staff in this area~ 

These two events led to the appointment of Dr. Co \vest Churchman 

to the Professorship in the Engineering Administration Department, 

and Dro Russell Lo Ackoff as a Research Associate on Project Doan Brooko 
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Because of their co tinuo s association over a ~en year period 

before coming to Case., Churchman and Ackoff, although in differe .... <t 

administrative units at Case, began at once to plan activi~ies _ 

which would lead to the establishment of Case as a center of industrial 

operations research activitieso In this they \"Jere enthusiastically 

supperted by Professor Hollister and Acting President Hutchissono 

In November of 1951, Case held a three day conference entitled 

"Operations Research 1n Business and Industry, 11 This was the 

first conference in the U.S~Ac to bring industrial managers and 

operatilms researchers together to explore the possibility of 

applying OR in this areao The conference was attended by about 150 

industrial manaP-ers, who made of it a mort successful meetingc 

Plans were developed for a two week short· .. course in Operations 

Research to be conducted in June 1952n This course was designed to 

provide a short intensive training prorram in Operations Research with 

emphasis on applications to business and industryo . The limit of 50 

registrants -uas quickly reached. . The teaching staff consisted of 

Case personnel and a number of experts from other organizations~ A 

detailed outline of the course was developed which, over a five year 

period, was developed into the form 1n which it was eventually 

published: l?troduction to Operations Research by Co West Churchman, 

Russell L" Ackoff, and E., Leonard Arnoff (John Wiley and Sons, Inc3, 

New York, 1957) .. 

By June of 1952, the work at the Chesapeake and Ohio Railway 

Company had led to the development of a full scale OR project direc~ed 

toward improvement of clerical operations involved in the division of 

revenues of interline less=than-carload shipmentso Additionally, 
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another Cleveland organization, The ~arner and Swasey Co., one of the 

world's leading manufacturers of machine tools, indicated an interest 

in having Case perform some operations research in the area of production 

and inventory controlo At this point, Ackoff was transferred from Project 

Doan Brook to the Engineering Administration Department and.Dr. Walter R. 

Van Voorhis, Professor (now chairman of the department) of Mathematics 

at Fenn College in Cleveland, came to Case on a year's leave of absence~ 

Thus, in July of 1952, the Operations Research Group consisting of three 
r 

people was formed at Case under the directorship of c~ West Churchmano 

Tne expansion and development of this group has been contlnuous 

since theno· In 195~, Churchman resigned his directorship to increase 

his teaching activities and Ackoff assumed this positiono In 195u, 

Dro Eo Leonard Arnoff, who in 1952 had come to the group from the 

National Advisory Committee for Aeronautics, was named assistant 

directoro At the time of this writing the group has a staff of thirty. 

Since its inception the Group has been interdisciplinary in 

charactero This is best illustrated by the current composition of the 

Groups 7 Mathematicians, 3 Statisticians,· 1 Physicist~ · 1 Chemist, 

2 Psychologists, 2 Mathematical Ecqnomists, 3 Philosophers of Science, 

1 Mechanical Engineer, 4 Industrial Engineers, 4 Chemical Engineers, 

1 Market Analyst, and 1 Operations Researcher (Case Graduate)o 

Additionally, in the past, the Group has had the following 

disciplines represented: Electrical Engineering, Sociology, History 

of Science, Law, and Engineering Administrationo 

The activities of the group have fallen into three major areas: 
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education, research, and communication: The development of each of 

these activities will be considered in turn: 

EDUCATION 

Education in operations research at Case Institute was formalized 

in 1952 by the creation of the Operations Research Group~ Since that 

time, the Operations Research Group at Case has pioneered in the 

education of practitioners and consumers of operations researcho The 

OR educational program has been steadily expand~d to the present level 

which includes: 

1.. An undergraduate curriculum in }1anagement Science .. 

2.. .Graduate curricula in Operations Research leading to the 

H .. S .. and Ph.D,. degreeso 

J., Noncurricular Short Courses in Operations Research, both 

general and technical .. 

4.. A 4-month special program in Operations Research .. 

5., Onr~the~job training for both curricular students and 

industrial representatives by means of sponsored joint research projects~ 

Undergraduate Curriculum in Management Science 

At the undergraduate level, the newly developed curriculum in 

Management Science is directed toward developing industrial managers who 

are equipped with the requisite degree of knowledge in the mathematical, 

physical, and behavioral sciences ~ knowledge that is, and will be, 

required by the increasingly complex industrial organizations of the 

present and futureo 
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This curriculum includes established Case Institute courses in 

mathematics, statistics, probability, economics, psychology, etco, 

as ~ell as courses specifically designed for this curriculum: Operations 

Research (2 semesters); Introduction to Management (4 semesters); 

History of Science and Technology; Measurements for Management; 

Organization Structure and Operation; Data Processing and Computers; 

etc..,· 

Graduate Curricula in Qperations Research 

At the graduate level, programs are offered leading t.o the MoS. 
'\,< 

and PhoDo degrees for work in Operations Research. The following 

courses are among those offered: 

Methods of Operations Research 
Problems in operations Research 

Sampling Theory Applied to Industrial Problems 
Scientific Method 
Costs, Utilities, and Values 
Queuing Theory 

Production and Inventory Control 

Operations Research Seminar (Advanced Topics) 
Theory of Games 
Mathematics of Management Systems 
Linear Programming 

These courses, supplemented by related courses in mathematics, 

statistics, computing, physical science, engineering, and managemeC!t, 

together with a required dissertation, enable the graduate student to 

develop a firm founaation in the methods, techniques and tools of 

operations researcho 
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Special emphasis is placed on the eJq>erien-M.al .aspect of OR education 

by means of term pro·jects and theses and also by providing graduate 

students the opportunity to work as Research Assistants with tbe Operations 

Research Group in sponsored research projects4 

A number of fellowships and scholarships are also available for 

qualified graduate studentso 

As most of the courses at the graduate level have been offered in 

the evening to enable those employed in business, industr,y, and governmental 

agencies to attend, only a few -advanced degrees have been awarded to-dateo 

However, in addition to the many who are taking individual courses in 

operations research, there are approximately 75 persons now working 

toward the M.So in Operations Researcho Additionally, there are currently 

approximately 30 persons studying for the Ph.Do degree in Operations 

Researcho Many of the latter are pursuing their studies on a part=time 

basis while participating in sponsored industrial research as members 

of the OR Groupo 

Short Courses in Operations Research 

Each year, at least one intensive two=week introductory course in 

operations research is offered to those in industr.y, business, and 

government who are interested in determining the potential value of OR 

to their own organizations, and to those who want to obtain a foundation 

on which to base a program of self-education in ORo A more technical 

program is also offered during the year for those further interested 

in increasing their competence •. 

As an outgrowth of the lecture ~te:dal used in these Short Courses, 

the text, Introduction to Operations Research, wa~ prepared» and published 
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Special Program in Qperations Research 

Case Institute re~ognizes that since the demand for qualified 

practitioners in Operations Research far exceeds the supply, many 

companies interested in developing this research function find that 

they must retrain their own technical personnel to qualify them to 

undertake such work~ Consistent with its policy of aiding industr,y 

in the development of ~ctivities in Operations Research, the Case 

Institute O .. Ra Group also offers an intensive one--semester (four 

month) program at the graduate level for qualified scientists and engineers 

with industrial experience.. Specifically, all enrollees must have: 

1~ A degree in science or engineering. 

2Q Knowledge of mathematics through differential equations. 

3o .Knowledge of introductory statistics or probability .. 

The courses included in this special progra~ are: 

}1ethods of Operations Research 

Problems of Operations Research 

Operations Research in Production and Inventor,y Control 

Linear Programming 

Waiting Line (Queuing) Theory and Application 

Additionally, a special seminar on 11Administration, Training and Organ­

ization for Operations Researqh in Industry" is conducted .. 

Finally, special program enrollees are given the opportunity to 

observe and participate in the industrial Operations Research activities 
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at Case and are also able to discuss their own company problems with 

senior members of the Case O.Ro Group, who· serv~ as thelr advisors., 

RESEARCH 

Since the initial work with the Chesapeake and Ohio Railway Company, 

the Case OoRo Group has performed research with ·twenty-seven sponsors on 

approximately 35 projectso Hith three exceptions, all of the sponsors 

have been private industrial organizationso The three exceptions have 

· been the National Science Foundati?n, the Corps of Engineers of the U.So 

Arrow, and the Operations Research Society of America. The ·industrial 

sponsors ip~lude: 

Americ~ Airlines 

Chesapeake and Ohio Railway Company 

Cleveland El ectric Illuminating Company 

Cummins Engine Company 

General Electric Company 

11. Ao Hanna Company 

f1ullins Manufacturing Company 

North American Aviation Corporation 

Oster Manufacturing Company 

Procter and Gamble Company 

Railway Express Agency 

Harner and Suasey Company 
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In each-of these projects, an OR team is set up consisting of two 

o~ more of Case personnel and one or more of the sponsoring organizationls 
' . 

personnelo There are several reasons for the insistence on company 

participation ori the team: First, Case's objective is to establish and 

train \olithin every organization w·ith which it works a company•staffed 

OR team that is capable of independent research workn Caae 1 s O.RQGroup proo 

vides on- the-job training to company personnel by means of the company 

projects and supplements this with formal training usually provided at 

the Short CoursesG Secondly, having someone on the research te~~ who is 

thoroufhly familiar with the company's operations reduces the length 

of time necessary for Case personnel to develop an understanding of 

these operations. 

These teams generally report to a Hanagement Advisory Cornrtti,ttee 

which consists of the managers of each department involved in the 

study and, where possible, all departments. Meetings with this 

Committee take place every 4 to 8 weeks. Progress is reported and 

direction from management is provided. These periodic meetings reduce 

the need for written reports to one - a final report - and give 

management an opportunity to check and absorb results gradually, as 

they are obtainedG 

Case operates on a 11cost plus 11 basis and, hence, does not contract 

with industry to do research for a fixed sum in a specified time. 

After a month or so in the company, however, when the problem to be 

researc!'led has been defined in dl3tail ? estimates of time and cost are 

provided to management. 
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Case retains the right to publish all methods and techniques 

developed in the course of a projecto However, revelat~on of the 

sponsor, the operations involved, or specific results m~st be 

approved by the companyo In more than half of the projects, almost 

unrestricted rights to publish have been grantedo In only two cases 

has it not been possible to reveal enough to publish a Case study 

based on the project~ 

Three criteria are used by Case in the selection of projects on 

which to work~ In order of importance they are as follows: 

lo Projects requiring the development of new methods or techniqueso 

2o Projects requiring the application of available methods· and 

techniques to operations to which they have not previously been applied. 

)o Projects requiring the application of available methods and 

techniques to types of industries in which the Case group has not 

previously workedo 

In keeping with its educational function, the Case Group will not 

do ••routine•• studies. Its interest is in the 11high risk11 areas where 

there is a high probability of obtaining experience., methods 1 or 

techniques which will contribute to the development of OR as a science 

and a professiono 

The approximately 35 projects which the group has done have involved 

every industrial function: production, marketing, finance, research and 

development, personnel, and administrationo It would require too much 

space to describe even a few of these in any detailo However, it may be 

helpful to indicate very briefly the nature of a few, say 12, of these 

projects. 
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1., The development of a five year plan for a large integrated 

industryo This involved establishing objectives for each function and 

product type, operating policies, plans for acquisition and development 

of resources, a new organizational structure, and proced~es of 

control and communication .. 

26 The determination of the optimal number of accounts on which 

a salesman should call and the development of a procedure for determining 

when this nwnber changes due to changing competitive conditionso 

)o The development of an optimal competitive strategy on the 

. co~modity exchangeo 

Qo The development of an optimal strater.~ for bidding on property 

rights .. 

So The selection of optimal sites for retail operations .. 

6~ The determination of when to add the next turbo~lectric 

generator to a utility system and hovi large it should be.., 

7G The determination of when to order the next electronic 

computer for a computing center and w1hen to add shifts on available computers. 

86 The development of procedures for determining the lopation of 

ore and coal ~eposits and estimating their size .. 

9., The determination of what products to add to a .!lne 1nta 

diversification progrruno 

lOo The scheduling of a job shop to maximize ita outputo 
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llo The development of production and inventory control systems 

in a variety of conditionso 

12o The determination of how to modify the preparation and 

dissemination of recorded scientific information so as to increase 

scientific productivityo 

Many of these cases have been publishedo A complete list of 

references is provided at the end of this articleo 

Since w~ny of the sponsored research projects require the development 

of new research methods and techniques 1 the distinction between applied 

and basic resea~ch is difficult to maintaino About 20 per cent of the 

Group 9 s research time, however, is devoted to basic research projects 

designated as such-~ These have all been sponsored by Case Institute 

itself o A third source of basic research is in the vwrl< of graduate 

students in preparation of their dissertationso 

v~s1c research has been done in the past on Replacement Theory, 

Bidding Theory1 Organization Theory, and Inventory Theoryo Current 

projects fall into four areas~ 

lo Information Collection Processeso The problem here is to 

eJect a number of observations to make vJhich r1ill minimize the sum of 

jhe costs arising from sampling error and observational error where 

sampling error decreases with increases in sample size and observational 

error increaseso This is a generalized problem of· search theoryo 

2~ Optimizing the Bias of Estimateso In most OoRo solutions 

the cost ofover<'O ·and under=estimation of a parameter's value are not 

symmetricalo The problem is how to bias the estimate of the parameter 1 s 

value so as to minimize the expected cost of estimation errorso 
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Jo Behavioral Communication Theory" This is a generalization of 

Claude E~ Shannon~s theory to cover not only the physical aspects of 

communication but the psychological as l'lello 11Meaning 9
11 mich is 

excluded in Shannon's theory, plays a central role in this workQ 

4~ Control of Dynamic Systemso An O.Ro solution to a problem 

holds only as long as the parametemof the system remain fixedo This 

is seldom the caseo This research is directed toward _designing optimal 

procedures for detecting significant changes in a parameter's value 

and for adjustiirg the solution appropriately when such a change has 

been foundo 

An effort is made to give each member of the Group an opportunity 

to work on a basic as well as applied researcho Nevertheless, basic 

problems are identified and ·. defined much more rapidly than- they are 

solved'o Hence, the backlog of basic research continues to build up~ 

COMMUNICJ1T ION 

The ann~al three-day conferences conducted at Case are conceived 

of· as devices for · conwunicating the ' results of recent applications 

of operations research to representatives of management.· Following 

the initial conference, "Operations Research in Business and Industry~" 

in November, 1951, the fol~owing conferences have been heldo 

... , .... 
~ ... 

1953: 

1954: 

t 

110peratiomr Research in I1arketing 11 

"OperCJ.tions Research in Production and Inventory Control 
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•~What Is Operations Research Accomplishing In Industry? •• 

11Case Studies in Operations Research11 

1955: 

1956: 

1957: 11 0perations Research, Computers, and t1anagernent Decisj_onfl . " 

The proceedings of each of these Conferences has been published by 
' 

Case and have enjoyed rather extensive distributiono 

Since the number of such conferences offered annually by various 

institutions has increased from one t~ several dozen, Case no longer 

· feels it can provide a unique service through such conferences and 

hence will not continue the series in 1958D Instead~ emphasis will be 

increased in technical courses offered to those in industry~ 

All published articles by Group mempers are reprinted and made 

available on requesto In addition, technical memoranda reporting on 

basic research work in process are circulated to a selected group of 

professionals for comments and suggestions. 

One of the Group 1 s most important functions is that of serving as 

a communiGation center for the rapidly growing professiono Numerous 

inquiries are, received daily about research agencies, personnel, 

reference material, and so on.. This correspondence has originated from 

every continent.. Through this activity the Group not only manages ~9 

inform others or to put them in contact •dth those who can provide 

the requested information, but the Group itself is continually informed 

thereby .. 

The international scope of its informational service is facilita'>9d 

by the inclusion in the Group at varioustimes of professionals from 
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Members of the Group have given freely of their time to address· 

both large and small professional meetings.. More than 50 such pre­

sentations are given by Group members each year ... 

Keeping informed on the rapidly growing field is no easy tasko 

It is accomplished, to a large extent, by activity of Group members on 

the editori~ boards of Operations Research and Managemept Science and 

in the affairs of the corresponding societies, the Ooe:rat:i.ons R~se.arch 

Soc:tP.tV of .Ame~ica and The Insti_t,]te of l1anaP-:ement ::>ciences .. 
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PUBLICATIONS -= CM;E INSTITUTE OPERATIONS RESEARCH GROUP 

Russell L. Ackoff 

1. Introduction to Operations Research, with c. West Clntrcbman and 

E. Leonard Arnoff, Jor.n Wiley and Sons, Inc., Nev1 York, 1957. 

2. The Design of Social Research, Univo of .Chicago Press, 1953. 

3. "Principles of Operations Research," Proceedings of the First Seminar 

in Operations Research, Case Institute of Technology, November 8-10, 1951, 
pp. 6-16. 

4. "Operations Research in Business and Industry;;i• Industrial Quality 

Control, Vol. 8, 1952, p. 41 ff. 

5. "Some New Statistical Techniques Applicable to Operations Research," 

Journal of Operations Research Society of America, Vol. 1, No. 1, 

Nov. 1952, pp. 10=17. 

6. "Production Scheduling, A Case Study." Proc. of the Conf. on Operations 

Research in Harketing, Case Institute of Technology; 1953, pp. 31-39. 

7. "Introduction to the Concept of the Designed Experiment." Research 
Operations in Industry. David R. Hertz, Editor, Kings Crown Press, 

New York, 1953, pp. 295-302. 

8. "An Approximate 1-1easure of Value," Journal of the Operations Research 

Society of America, Hay 1954, pp. 172-18o. (with c. ~vest Churchman) 

9. "Production and Inventory Control in a Chemical Process, II," 

~oceedings of the Conference on 0. R. in Production and Invenio~ 

Control, Jan. 20-27, 1954, Case Institute of Technolo~;, pp. 13~22. 
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10. "Statistics in Operations Research and Operations Research in 

Statistics," Operations Research for Management, Edited by J. F. McCloskey 

and F. N. Trefethen, Baltimore: The Johns Hopkins Press, 1954, pp. 117=133. 

(Also, translated into French, Dunod, Editeur, 1957). 

11. "Operational Accounting and Operations Research, 11 The Journal of 

Accountancy, Feb. 1955, pp. 33-39. (with c. West Churchman) 

12. 11 Allocation of Sales Effort" and "Summary, 11 Proceedings of the 

Conference on "i~hat is Operations Research Accomplishing in Industry?" 

Case Institute of Technology, 1955; pp. 23-30 and 93-99. 

13. "Production and Inventory Control in a Chemical Process," Journal of the 

Qperations Research Society of America, 3 (1955), pp. 319-338 • . 

14• "Automatic Hanagement: A Forecast and its Educational Implications, 11 

Man~gement Science, Vol. 2, No. 1, October 1955~ pp. 55~0. 

15. "A Survey of Applications of o. R." in Case Studies in Operations Research = 

A Cross Section of Business and Industry (February 1-J, 1956) 

Case Institute of Technology, 1956,pp. 9=17. 

16. "Five Year Planning for an Integrated Operation, II ~th v!alter s. Glover)' 

Ibid, pp. 38 .. 47. - · 
17. "The Develcrpment of Operations Research as a Science," 9J?erations Research, 

Vol. 4, No. J, June 1956, pp. 265-295. 

18. "Allocation of Sales Effort in the Lamp Division of the General Electric 

Company, 11 (with Clark Waid and Donald F. Clark), Operations Research, !!_, 6, 

(Dec., 1956), pp. 629-64-?. 

19. "OPSEARCH -What it is = how it is conducted - rlhat it will do." Chemical 

Engineering Progress, 21, 1 (Jan. 1957) pp. 4-J - 7-J. 
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20. "The Fundamentals of Operations Research", in Proceedings 19.56 Annual. 

Operations Research Conference, Soc. Adv. Hgmt. Uew York, 1957, pp. 1-11. 

21. "Operations Research and National Planning", <;perations Research, Vol. 5, 
No. 4, August, 19.57. 

E. Leonard Arnoff 

1. Introduction to Qperations Research, Churchman, C. West, Acko:r:r; Russell L.s 

and Arnoff, E. Leonard, John Hiley and Sons, Inc. (New , York, 1957). 

2. 11 An Application of Linear Programming, 11 Proceedings of the Conference 

on Qperations Research in Production and Inventory Contro!, 

January 20-22, 19.51.t.. Case Institute of Technology. 

). "The Application of Linear Programming to Production Engineering and 

Scheduling," American Society of Hechanical Engi~~' Paper No. 54 -A -223. 

(December 19.54). 

4. "The Determination of Optimum Reserve Generating Capacity in an Electric 

Util_ity System, 11 Proceedings, Conference on O£erations Research, Society 

for Advancement of Managerr.ent, New York, September 29-30, 1955. 

5. "On the Determination of Optimum Reserve Generating Capacity in an 

Electric Utility System," (with John c. Chambers), Operations Research, 

August, 1956. Vol. 4, No. 4. 

6. "Developme."lt and Implementation of an Integrated Process Control System 

at the Curmdns Engine Company" ( w1 th Eugene B. Kania and Elizabeth A. Small) • 

Proceedings, Conference on Operations Research; Computers and ~~nagement 

Science, Case Institute of Technology, Cleveland, 19.57. 

1. "Operations Research Determination of Generation Reserves" (with 

John C. Chambers), Transactions Paper No • .57-1.51, American Institute of 

Electrical Engineers. Also published in AIEE Transactions, No. 30, 

June, 1957, pp. 316-328. 
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8o "Operations Research in Long Range Company Planning", Proceedings, 

Industrial Economics Conference, Stanford Research Institute, January, 1957o 

9o "Operations Research at Case Institute of Technology", Operations Research, 

Vol. 5, No. 2, April, 1957. 

10. "Operations Research in Product Search and Evaluation", ('~dth Paul Stillson), 

Journal of ~1arketing, July, 1957. 

llo "A Report to Hanagement on Operations Research", Proceedings, Conference 

~erations Research, University of Chicago, 1957. 

12. "Operations Research in Long Range Company Planning", = chapter in 

forthcoming book on long range planning to be published by Harper and 

Brothers and edited by David H. Ewing. 

13. "f·iathematics in Business and Operations Research", section in forthcoming 

Handbook of Automation, Comoutation and Control (3 vols.), Ramo, 

Wooldridge, and Grabbe ( eds.), John \-Iiley and Sons, Inc., 1958. 

John Co Chambers 

L "On the Determination of Optimum Reserve Generating Capacity in an 

Electric Utility System" (with E. Leonard Arnoff), Operations Research, 

August, 1956. 

C. ~'Test Churchman 

1. Introduction to Operations Research with Russell L. Ackoff and 

E. Leonard Arnoff, John Hiley and Sons, Inc., New York~ 1957. 

2. CostsA Utilities and Values, in preparation. 
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3. "Some ~~fethods of Operations Research, 11 in Proceedings of The First 

Seminar in Operations Research, November 8-10, 1951. Cleveland, Case 

Institute of Technology, 1952, pp. 31-37. 

4. "Operations Research and Harket Research," in Proceedings of The Con·­

ferenee on Ooerations Research in Harketing , January 29-31, 1953. 

Cleveland, Case Institute of Technology, 1953, pp. 7-9. 

5. "Phases of Operations Research," in Research Operations in Indust!l 

(Proceedings of the Third Annual Conference on Industrial Research, 

Columbia University, June 1952). New York, l(ings Crown Press, 1953, 5 PPo 

6. "A Critique of Scientific Critiques." The Review of I1etap!yrsics, Vol. 7, 

No. 1 (Sept. 1953), pp. 89-97. 

7o "Introduction," in Proceedings of The Conference on Operations Research 

in Production and Inventory Cont.rol, Januar.f 20-22, 1954. Cleveland, 

Case Institute of Technology, 1954, pp. 7-9. 

8. "Summary of the Conference," in Proceedings of The Cone'erence on 

gperations Research in Production and Inventory Control, January 20-22, 
1954. Cleveland, Case Institute of Technology, 1954, pp. 99~102. 

9. "Operations Research: An Evaluation." Advanced Hanagement, Vol. 19, 
No. 4 (Apr. 1954), pp. 15-18. 

10. "History and Prosnects for Operations Research," in Proceedings or The 

Symposium on Operations Research in Business and Industry. Kansas City, 

l1idwest Research Institute, Apr. 8-9, 1954, pp. 1-10. 

11. "A Survey of Operations Research Accomplishment in Industry," in~ 

ceedings of the Conference on 11\vhat is Operations Research Accomplishing 

In Industry?" April 5=7, 1955. Cleveland, Case Institute of Technology 9 

1955, pp. 7=13. 
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l2o "How is Planning Possible?" i.n 2E.~£!~!:.~!!!.J~!·~~~<?E..£~~..!~~~mel!~.~ 

Joseph F. McCloskey and John M. Coppinger~ eds., Vol. 2, 1956, 

pp. 401-413. 

13 0 
110rga::1izing Opcrationo Research in the CompC!Ily, 11 in ~oceedings of The 

Conference on Case Studies in Operations Research, February 1-3, 1956~ 

Cleveland, Case Institute of Technolocr, 1956~ pp. 60=6~ . 

lho "1-!anagement Science ~ Fact or Theory?", Management Science, VoL 29 No. 2 

(Jan. 1956), p. 185. 

15. "Operations Research in the Chemical Industry. 11 Industrial and Engineer~ 

ing Chemistry, Pt. 1 0·1ar o 1956) • 

16o "An Approximate Heasure of Value" (1-lith comments by Nicholas M. Smith9 Jr_o). 

JORSAll Vol. 2, No. 2 (Hay 1954), np. 172~187. 

17. . "Operations Accounting and Operations Research. 11 Journal of Accountancy, 

Vol. 99, No. 2 (Feb. 1955), pp. 33-39. 

l8o "Underground Telephone Comrmmications." Colliery Guardian, Vol. 192, 

No. 4966 (r-1ay 3, 1956). 

Donald F. Clark 

1. "Allocation of Sales .Effort in the Lamp Division of the General Electric 

Company," (with Hussell I .• Ackoff and Clark irlaid) 9J?erations Research 

~ll 6 (Dec., 1956), pp. 629-647. 

Lawrence Friedman 

L "The Assignment Problem Technique" (with Arthur J. Yaspan). Naval Research 

Logistics Quarterly, Vol. 4, No. 3, September 1957, pp. 193-197. 
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2. "Calculation of the School Table." Naval Research Logistics Quarterly, 

Vol. 4, No. 3, September 1957, pp. 199-202. 

Alan H. Gepfert 

1. "Operations Research As It Is Applied to Production Problems," 

Tool Engineer, }~y 1956, p. 73-79. 

Fred Hanssmann 

1. "An Analysis of Stewardess Requirements and Schequling for a Hajor 

Domestic Airline," (with Joseph F. HcCloskey) Naval Research 

Logistics Quarterly, Vol. 4, No. 3, September ~957, pp. 183~191. 

2. ":Qetermination of Optimal Capacities of Service for Facilities with_ 
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