
A REALISTIC APPROACH TO THE IMPLEMENTATION 
OF MANAGEMENT SCIENCE1)

by Kalman J. Cohen

Recent advances in the developm ent o f quantitative models for finance and 
banking, along with the increasing utilization o f  electronic com puters, have 
made it feasible to  adopt a m anagement science framework in approaching 
many types of financial problems. A realistic philosophy concerning the 
manner in which management science models should be utilized in order to 
improve financial planning and decision making is set forth  in this paper. As 
indicated in Section A, this is the approach which has been successfully 
followed in tw o major American corporations with which I am familiar (and 
which undoubtedly is the pattern em ployed in many other companies as 
well). The so-called „im plem entation problem ” , which is concerned with 
how to  get executives actually to  utilize either existing or newly developed 
management science models, is considered in Section B. The paper concludes 
in Section C by examining the relative roles that traditionally trained execu­
tives and management scientists should play in the problem-solving process.

The term  ,, management science” refers to the application o f  quantitative 
techniques and scientific concepts to help executives solve the planning, 
decision-making, and control problem s o f  large, com plex organizations. Any 
management science approach to problem  solving utilizes formal models. 
Since a model is an abstraction o f reality, it must necessarily be „incom ­
plete” or „inaccurate” in some respects.2) The real world is itself far too 
complex to  m anipulate and understand w ithout the aid o f  the intellectual 
simplifications that models represent. The real basis for judging the use­
fulness o f  a model is not w hether it is entirely accurate (which it never is) 
but, rather, w hether it contains enough relevant features o f the world so that 
it can be effectively used by executives to improve their performance.

1) I would like to  thank  Messrs. David M. Ahlers, E. Eugene C arter, R obert H. Larson, and Howard 
M. Schneider for some constructive criticism s and helpful suggestions on an earlier d raft o f  the 
m aterial presented in this paper. Any rem aining defects are, o f  course, my sole responsibility.

2) Many people who do no t understand the process by which m anagem ent science models can in 
fact be im plem ented often  falsely criticize the m anagem ent science approach. They look at the 
m anagem ent science models, and they indicate th a t these models are unrealistic because this particular 
factor or th a t specific aspect o f  th e  world are not taken into consideration. It can be obvious that 
many features have been left o u t o f  the model because o f the explicitness w ith which any good 
m anagem ent science m odel is form ulated . Thus, one can see n o t only exactly what is in such a m odel, 
but one can also readily note  what has been left o u t. Since every ,,m odel” is necessarily an abstraction  
o f  reality , it is clear that any form al m anagem ent science m odel can never portray  the world as it 
really is, in every detail.

C onventionally trained businessmen who criticize the quantita tive approach fail to  recognize a most 
im portant point: a person who applies th irty  years o f  experience and who uses judgm ent and wisdom 
in making business decisions in effect is using some models that are implicit in his head. These 
subjective models are not the same as the real world which objectively exists. These subjective models 
are never well form ulated ; ra ther they are generally im plicit, subconscious, and ill-understood. Hence, 
it is o ften  n o t easy to know exactly w hat is wrong w ith  these subjective models, i.e., to  identify the 
aspects o f  the real world that are left o u t o f  them . You .can be sure, however, th a t a great deal is left 
out.
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A. The Utilization of Mathematical Programming Models for Financial Portfolio 
Problems in Two Major Corporations
Since the focus o f  this paper is on the use of management science models for 
financial planning and decision making, let me specifically consider the type 
o f management science model which is most com m only suggested for this 
purpose, i.e., mathem atical programming models.3 ) In this section, I shall 
discuss the manner in which two leading American corporations have 
extensively and successfully utilized these types o f  models. In particular, 
mathematical programming models have been applied with notable success in 
the investm ent planning process at Standard Oil Company o f  New Jersey 
(and its various subsidiary and affiliated companies)4  5) and in the dynamic 
balance sheet management process at Bankers Trust Com pany.s ) Neither o f 
these corporations is utilizing mathem atical programming models in an au to­
matic, routine fashion. Instead, some creative dialogues and interchanges 
take place that involve conventionally trained executives, „management- 
oriented” management scientists, the models that are programmed in the 
com puter, and a data base. It is im portant to  realize that in practice 
management science models (especially those involving mathematical 
programming) are utilized in a far more flexible manner than their bare- 
bones mathem atical form ulations might indicate.

Even though authors (m yself included) discussing a linear programming 
model for bank dynamic balance sheet management may talk about an 
„optim al” solution in some mathem atical sense, one must recognize that the 
model o f the world being utilized is not necessarily correct. Given that the 
real business situation is only approxim ated by the model, that some o f the 
inputs are not always accurately known, that the model contains many 
expressions o f policies that management may not be absolutely convinced 
are correct, and that many forecasts (which might be wrong) are used to 
generate some inputs, then it is clear that the „solutions” produced by the 
model to real world problems, are not going to be truly optim al. All that we 
can hope for is that the solutions obtained with the aid o f the model are

3) For a review o f  the nature and purpose o f  various m athem atical program m ing models th a t have 
been developed for several d ifferent types o f  Financial planning and decision-making applications, see 
Part II o f  Kalman J . C ohen, ,,Portfolio  A pproaches to  Financial Planning,” Working Paper No. 
61-68-9, G raduate School o f  Industrial A dm inistration, Carnegie-Mellon University, P ittsburgh, 
Pennsylvania 15213.

4) Inform ation ab o u t the uses o f  m athem atical program m ing models for investm ent planning at 
Standard Oil C om pany o f  New Jersey and its subsidiary and affiliated com panies was obtained in 
conversations with Mr. Lowell K. S troh l, Manager, O perations Research and Systems D epartm ent, 
Esso M athem atics and Systems, Inc. For an example o f  one type o f  model that has been im plem ented 
for this purpose, see Leo A. R apoport and William P. Drews, „M athem atical Approach to  Long-Range 
Planning,” Harvard Business R eview , Vol. 40, No. 3 (M ay-June, 1962), pp. 75-87.

5) In form ation about the uses o f  m athem atical programming models for dynam ic balance sheet 
managem ent (which is m ore com m only, but incorrectly , referred to  as „asset m anagem ent” ) at 
Bankers T rust C om pany was obtained  by the au thor in his capacity as a consu ltan t to  th a t bank for 
the past decade. Detailed discussions o f  one type o f  model that has been im plem ented for this purpose 
are presented in Kalman J . C ohen and Frederick S. Ham m er, „Linear Programming and Optim al Bank 
Asset M anagement Decisions,” Journal o f  Finance, Vol. 22, No. 2 (May, 1967), pp. 147-165; and 
Kalman J . Cohen, Frederick S. Ham m er, and Howard M. Schneider, „Harnessing Com puters for Bank 
Asset M anagem ent,” The Bankers Magazine, vol. 150, No. 3 (Sum m er, 1967) pp. 72-80.
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better than the solutions tha t we otherwise would have arrived at using the 
same degree o f effo rt.6 )
Let us consider more specifically how a m athem atical programming model is 
utilized in practice. Long before anything even approaching an „optim al” 
solution is acted upon, a great deal o f  conversation and an exchange o f ideas 
takes place that involves executives, management scientists, and the model 
itself. In this process, the m athem atical programming model in the com puter 
serves as an extension o f  the peoples’ brains. In effect, the com puter model 
serves as another member o f  the com m ittee that „sits” around the table 
„discussing” what should be done. In this process, the resulting plans and 
decisions are very much influenced by the hum an com ponents, and not just 
by the m athem atical programming model in the com puter.

One example o f a creative, flexible use o f a m athem atical programming 
model w ould be to  explore relationships among various possible goals. Goal 
programming techniques have been specifically developed for this purpose. 
The more com m on linear programming models can also be used in a similar 
manner, however. For example, a linear programming model is typically 
form ulated in terms o f one goal; nonetheless in practice it can be used to 
explore the consequences o f alternative goal form ulations. In this way, LP 
models are no t necessarily used to optim ize only a single goal, but to 
establish trade-off relationships that exist among many goals. O ther common 
but imaginative uses o f m athem atical programming models would be sensi­
tivity analyses to determ ine how im portant is an accurate knowledge o f 
inputs, to  what ex ten t some ill-understood constraints need to  be specified 
more accurately, etc.

B. The Implementation Problem
One reason why m anagement science efforts in banks and business firms 
often fail to improve the planning and decision-making process is tha t from 
the outset the projects are organized in the wrong way. If the executives o f a 
com pany are so busy „on the firing line” making day-to-day and week-to- 
week decisions that they can seldom spare half-an-hour to talk to their 
management scientists, then the management science analysts become „the 
boys in the back room ” . It is then difficult for them  to learn enough about 
the real business world so that they can build relevant models, i f  the „back 
room ” management scientists are successful in form ulating a model that they 
feel could be relevant, this is usually com m unicated to the executives in a

6) There is one im portan t reason why it o ften  is the case th a t the use o f  a m athem atical 
program m ing model will produce better decisions than  conventional procedures. The model can 
sim ultaneously consider all aspects o f  a particular problem , whereas trad itional m ethods frequently 
focus on w hat is only a subset o f  the crucial issues. The more com prehensive view point perm itted  by 
the m athem atical program m ing m odel in effect transform s all o f  the assum ptions th a t are made 
concerning the nature o f  the business and the values o f  input data in to  specific im plications 
concerning the courses o f  action  th a t m ight be taken. There is, however, a price th a t must be paid in 
order to  obtain  such an overall understanding o f  the situation . Because o f  its greater com plexity, a 
relevant m athem atical program m ing model requires a great deal more effort to  develop and im plem ent 
than the traditional procedures which it is designed to supplant.
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w ritten m em orandum . These decision makers ail too often merely put the 
m em orandum  into a desk drawer or a waste basket, usually w ithout under­
standing it and certainly w ithout acting upon its recom m endations. In this 
manner the so-called „im plem entation problem ” arises, which is the problem 
of how to induce executives to utilize management science models to 
improve their planning and decision-making activities.

My own pessimistic viewpoint is that the im plem entation problem is 
almost impossible to solve, once it has arisen. In an optimistic vein, however, 
I feel that it is possible to organize the management science activities in a 
business firm so that the im plem entation problem will not arise. To illustrate 
how this can be done, let me describe the realistic approach to the imple­
m entation o f management science which has been successfully utilized in 
Bankers Trust Company, where I have been a consultant for the past decade. 
At Bankers Trust, we have found it possible to eliminate the distance 
between the executives „on the firing line” and the management science 
analysts ,,in the back room ” . In practice we bring these two groups together 
in frequent meetings and discussions, and they effectively collaborate in 
developing and implementing truly relevant management science models. 
Since our management scientists do not generally know very much about 
banking when they start, it is necessary for them to learn what are the 
crucial problems o f banking, what are the new opportunities that might be 
exploited, what types o f inform ation are available, how good are the data, 
etc. Our management science analysts in practice learn this through the eyes, 
ears, and m ouths o f the experienced bankers. Effective learning can occur 
only when these two different types o f people can work together and 
com m unicate in ordinary banking language. In effect, the bank executives 
are teaching the management scientists a great deal about the banking 
business. At the same time, the management science analysts are gradually 
winning the confidence o f the senior officers. Then both groups can jo intly  
determine the types o f  considerations that will be em bodied in the models, 
and together they can decide how the models will be utilized.

Most o f the bank’s executives never themselves learn any m athem atics or 
com puter programming, because it is unnecessary. But the executives 
understand the economic and banking substance o f the models, have an 
intuitive (i.e., a „big p icture” ) understanding of the techniques for solving 
them , realize how the models could be used, appreciate when it is dangerous 
to use them , are aware o f the qualitative considerations that have been left 
out o f the models, know what extensions may be feasible, etc.

For effective, two-way com m unication to  occur between executives and 
analysts we found it essential to  recruit „m anagem ent-oriented” 
m anagement science analysts, i.e., people who have the ability (and perhaps 
also the motivation) to become senior corporate officers someday. They 
must have the types o f  personalities and human relations skills that permit 
them to interact effectively with older, conventionally trained bankers. The 
resulting com m unication, o f course, takes place in the ordinary language o f 
the executives, rather than in term s of technical jargon or mathem atical 
symbols.
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When „m anagem ent-oriented” management scientists work jo intly  with 
senior executives to develop the economic substance and banking meaning of 
the management science models, the results are usually very relevant to  the 
executives’ problems. The models are to some extent unrealistic, in that 
many aspects o f reality are not incorporated in them . They are utilized, 
however, in a way which involves a great deal o f interaction, many reruns, 
and insightful interpretations o f the results. This realistic approach produces 
far better results in practice than would be obtained either by „conven­
tional” (people only) decision-making techniques or by „straw m an” 
(com puter only) m anagement science models that are run only once to 
generate allegedly „optim al” solutions.

C. The Roles of the Executives and the Management Scientists
Let me now consider more explicitly the role o f the traditionally trained 
executive in the m anagement science efforts. If management science is going 
to be profitable for a business firm, it has to  change the way in which 
planning and decision making take place. If all the executives think that they 
are doing a great job  and that there is no need for any change, management 
science is not going to help that corporation. On the o ther hand, if some 
executives realize that, no m atter how good a job  they might have done in 
the past, the environm ent is becoming more com petitive (perhaps in part 
because com petitors are effectively utilizing new management science tools), 
new kinds o f markets are emerging, the problems are growing more difficult, 
and the executives themselves may not in fact have been doing the best 
possible job  in the past, then there is a good possibility o f profitably using 
management science in tha t firm. It is im portant, however, to  realize that the 
conventional executive cannot alone and unaided develop and im plem ent 
useful management science models. Some knowledge o f  the mathem atical 
tools and the com puter systems (which need not be overwhelming in terms 
of academic research standards) is necessary. Most executives do not have 
this type o f technical knowledge.

On the other hand, it is also essential to realize that the young manage­
ment scientist who might have had a sound academic training, and perhaps 
even some experience in another industry before coming to work in his 
present corporation, is not going to develop and im plem ent these tools by 
himself. Traditional executives and management scientists must work 
together in order to  develop and im plem ent relevant m anagement science 
models. There must be a team approach to  the management science efforts.

The most effective way to accomplish this, in my opinion, is to have the 
management scientists who work in a given area invited to attend  every 
management meeting that has anything to do with that particular area o f the 
firm .7) Initially the management science analysts will be silent observers, but 
gradually they will be asked questions by the traditional officers present, and 
eventually the analysts will be brought into the decision-making process. I 
feel that this type o f developm ent should be encouraged. It will lead to 
m utual understanding and effective com m unication between more
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conventionally trained and older bank executives and the younger 
management scientists. Hence, when the development o f a management 
science model is finished, there should not be great difficulty in imple­
m enting it. In the process o f building the model, the managers are involved 
in num erous discussions o f goals, constraints, and alternative courses o f 
action. These discussions will change the m anner in which the executives 
think. Also, the management scientists in this process are themselves 
becoming effective managers. Because of the comprehensive understanding 
they obtain o f the com pany’s problems from their management science work 
and because o f their frequent exposure to senior officials, the management 
science analysts are well along the road to becoming corporate executives. 
There will, o f  course, always be some „m anagem ent-oriented” management 
science analysts who will prefer not to become general managers but instead 
to remain staff specialists (or even some who will leave the business world 
and return to an academic career). In the future, however, there will be an 
increasing num ber o f senior corporate officers who have been m anagement 
scientists earlier in their careers. This does not mean that management 
scientists will „take over” banks and other corporations in the future any 
more than it would now be proper to say that engineers have „taken over” 
oil companies and that actuaries have „taken over” life insurance companies.

Let me again stress that management science efforts require the 
enthusiasm o f and cooperation from senior management before they can be 
successfully implemented. Traditional executives should realize that the 
growing use o f  management science need not necessarily cause them to be 
insecure in their jobs, and they certainly will not be replaced by computers. 
U nfortunately, however, some particular subset o f present-day executives, 
those who refuse to learn and adapt to new ways o f doing things, will be 
replaced by o ther executives who are willing and able to keep up with the 
times.

An analogy that illustrates this point is to consider what happened to the 
drivers o f horses and wagons around the turn o f the century when the 
internal com bustion engine was introduced. It undoubtedly is true that there 
were a few horse-and-wagon drivers who never learned to  drive autom obiles 
and trucks, and who consequently may have eventually lost their jobs. Most 
of the horse-and-wagon drivers, o f course, did learn to  become chauffeurs, 
and they found gainful em ploym ent (probably at higher wages) driving 7

7) The ex ten t to  which the m anagem ent scientists actually a tten d  these meetings will vary over 
tim e. In the early stages o f  the project, the m anagem ent science analysts will find it useful to  a ttend  
alm ost all o f  these m eetings, since they will be learning what the problem s are, observing the process 
by which decisions are made, and becom ing acquainted  w ith the executives involved. During the 
in term ediate stages o f  the project, the analysts should probably curtail the tim e that they spend in 
general m anagem ent meetings in o rder to  have enough tim e for building and analyzing the 
managem ent science models. Once the models have been developed to the point where they should be 
utilized in the m anagem ent process, the analysts will find themselves participating in increasing 
num bers o f meetings to  help executives form ulate plans and m ake decisions. At some stage the 
m anagem ent science analysts m ust decide w hether to  becom e managers in this particular area o f  the 
firm (in which case they will con tinue to a ttend  and partic ipate in all relevant m eetings), or else to 
continue on their careers as m anagem ent scientists (in which case they will s tart w orking on o ther 
projects).
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trucks and autom obiles. The blame for the loss o f work o f  those few horse- 
and-wagon drivers who refused to learn new and more efficient ways of 
transporting passengers and hauling freight should lie with them , and not 
with the internal com bustion engine.

In order for today ’s executives to  learn to  utilize management science 
techniques to  improve their planning and decision-making processes, they do 
not have to become management scientists themselves. Instead, as I have 
already indicated, they need only hire „m anagem ent-oriented” management 
scientists, organize the management science effort in the proper manner, and 
learn to interact effectively with their management scientists. Neither 
management scientists nor com puters will truly „ ru n ” any corporation in the 
future, any more than it is fair to say that corporations today are „ ru n ” by 
telephones, je t airplanes, and dictating machines. T oday’s corporations are, 
in the last analysis, „ run” by people. The fact that today’s executives have 
learned to  utilize telephones, je t airplanes, and dictating machines means, 
however, that their corporations are „ ru n ” today in a far different and more 
efficient m anner than would be the case if  these particular tools were not 
being used. In much the same m anner, people will „ ru n ” .the corporations of 
the future. In the future, however, executives will make increasing use o f 
such tools as m anagement science models, com puter-based inform ation 
systems, and the like.

As the business world becomes more complex and more com petitive, it is 
increasingly im portant for executives to learn to utilize new and more 
powerful tools to improve their planning, decision-making, and control 
activities. For this to  happen, organizational doors must be opened to perm it 
management scientists to attend meetings that heretofore had been 
considered to  be „in bounds” for only members o f  senior management. 
Otherwise, the m anagement science analysts will not be able to gather 
inform ation and to build effective m anagement science models that will help 
the top-level executives improve the planning and decision-making process. It 
takes a special type o f management scientists to be effective in this particular 
role. He m ust no t only be a good m athem atician and econom etrician, but he 
must also possess a great deal o f tact and diplom acy, the ability to 
com m unicate freely and easily bo th  orally and in writing, and perhaps even 
the personal desire to  become a senior corporate executive some day. This 
type o f  „m anagem ent-oriented” management scientist can successfully make 
the transition from  „analyst” to „executive” . As he does so, the corporation 
for which he works will be more profitable as the effective im plem entation 
o f management science techniques improves the quality o f the plans and 
decisions that are made.

Reeds eerder geplaatst in The Magazine o f Bank A dm inistration, U.S.A., 
September 1969.
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