Operational Research in Stock
Exchange Quoted Enterprises

An innovation and ada ption Problem
for the individual and the organization

By Lars Lonnstedt™

A transplanted organ will sometimes be rejected by the body becanse it
constitutes something alien, something that does not fit into the orderly
community of body cells. Something similar may bappen when iniro-
ducing and wsing operationel research (OR)Y), becanse the company
may lack the necessary properties or becanse the organization members
are not familiar with OR. Exactly as we can prepare the body and alien
organ for the transplantation, we can wake preparations in order to
facilitate the integration and use of OR in an enterprite. A possible
way in which to find out what steps are suitable to take in this connec-
tion is to study the use of OR in enterprises, and this is what I have
done? ). As test group for this study has rerved a number of stock ex-
change guoted companiesd). In an appendix 1 give an account of the
procedures nsed in the study. (A more detailed presentation of the
result may be found in Linnsteds, 1971).

*) The Royal College of Forestey, Stockholm.

1} Operational research (OR) implies a scientific procedure for solving problems
(see eg. Ackoff, 1962). What has come 1o characterize OR is, aowever, the con-
struction and solution of mathematical/statistical models. With this characteristic
as starting point I have conceived OR as a common denominator for a class of ma-
thematicalfstatistical research techniques which have come to be utilized for solv.
ing certain problems, liable to arise within organizations. In those OR-techniques
I have included linear, non-linear, dynamic and heuristic programming, stock,
queneing and game theories, simulation and network planning,

2} This study constitutes part of a larger, international study under the leadership of
Professor Michael Radnor, Graduate School of Business, Northwestern University,
U.s.

#) Enterprise means the activity carried on under a common compeny title,
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1. Characteristics of companies using OR

Studies of innovations have pointed out different variables influencing

the decision to introduce a novelty (see e.g. Mansfield, 1969 and

Rogers, 1966). My basic hypothesis has been that these variables may

be of importance also for the use of OR#). From a survey of 83 stock

exchange quoted companies appears that OR is, relatively considered,

more commonly used in companies

a) having more than 2,000 employees5),

b) belonging either to the metal working/engineering industry or to
the foundry-mining-lumber or pulp industries,

¢) having a graduate employee density of over 0.5 %,

d) having a general manager with a university degree in engineering,

e) having had access to computer before 19646),

than in companies lacking these properties7).

This result is valid for any year of the period investigated {1955-68).
The nonresponse (5 companies) cannot change the result. My con-
clusion 1s, therefore, that there exists a connection®) between these
characteristics and the use of OR (see Table 1.1).

Characteristics, for This study | Literature ifndicating the
which | expect to find indicates the eglsttence Oha cu?n?c;!:lﬂn
a connection with the existence of etween characteristics

use of OR a connection and the introduction of

innovations

Company size Yes Mansfield, 1968

Company ling Yes Williamson, 1965

Education of employees

Education of general Yes Rogers, 1966

manager

Date of access to Yes (Bennis, 1966)

computer

Summary of result with regard to probable connection between differ-
ent characteristics and the use of OR and also comparison wilh innova-
tion stwdies.

1} In common with innovations {(from the Latin verb innovare = renew) OR consti-
tutes something new to the organization because the problem solving procedure
may become changsd.

*) Engwall (1970) has shown that the correlation between different measures of the
size of an enterprise is considerable,

¥) rented, bought et

) The number of enterprises professing to use OR was 43, i.e. 535 9% of the 78 re-
plies received,

%) Here connection means that two variables are correlated. Cause and effect does
not, consequently, appear.

Table 1.1.



It is possible to establish similarities between this result and that of
some innovation studies (see Table 1). This is interesting, considering
the fact, that I have studied the inncvation of methods, while those
scientists have interested themselves in other types of innovations. It
should be pointed out, however, that investigations exist which indicate
other-type connections. Evan and Black (1957), for instance, found no
connection between company size and the introduction of innovations.
That result is contradicted by this study and by the conclusions of
Mansfield {1968) and Sutherland (1959). The dissimilarities indicate
the importance of taking regard also to the type of innovation. Dif-
ferent research methods and definations might also offer an explana-
tion.

Cross tabulation has shown that companies, having more than 2,000
employees, to a larger extent than other companies are characterized by
their direction towards metal working/engineering or the production of
raw materials, by their ‘graduate employee density, by the inclination
of the general manager's degree (graduate engineer) and by their early
access to computers. The connection between the variables may depend
on the fact that the natural growth in certain lines of business has made
these enterprises big. The size may perhaps also cause a growing need
of well educated personnel while the possibilities to satisfy this need
simultanously increase. The same may be valid where access to com-
puter is concerned. If such is the case it is fairly natural that the study
indicates the existance of a connection between the variables studied
and the use of OR. It has, further, appeared that enterprises with more
than 2,000 employees are characterized by certain qualities. These may
have been of importance for the company's use of OR but other factors
may also have played a role. An example: Big enterprises may, perhaps,
receive information on innovations eatlier than small companies.

2. The use of OR

The material for this paragraph was cbtained through interviews at 12
stock exchange quoted companies. In toto, 25 OR-activities were
traced®). These had, up till the summer of 1970, worked on 107 pro-
jectsi0), (The result has been summarized in Table 2.1).

From the result appear that 11 of the 25 activities studied are con-
cerned solely with network planning or what 1 call “coordination

9) The designation OR-activity is used as a common denominator for the wark per-
formed by an operational researcher or a team of such researchers,

Wy The word project means the work necessary for obtaining a solution. It is to he
observed that a problem may initiate several projects, since a solution proposal

need cover only part of the problem. A solution proposal is interpreted as a de-
cision basis, '



problems” (40 projects). The residual activities are mainly concerned
with production and inventory problems (35 % respectively 31 9%).
The most common selving techniques for these 67 projects are simula-
tion (44 %) and linear programming (26 % ). The majority of the
projects does not, according to the replies received, require more than
4 working months (59 %) and does not cost more than §6,000
(51 % ). However, information on the extent of all projects could not
be obtained. The nonresponse will, probably, influence the result in
such a way that the share of more extensive projects will be under-
estimated.

Other investigations also show that production problems are commonly
occuring (see e.g. Holth and Winge, 1969; Bengtsson and Nilsson,
1968). Where solving techniques are concerned the comparison is
hampered by the fact that the defination of OR may vary. This con-
cerns, among others, the question whether network planning, regres-
sion analyzis and variance analyzis are to be counted among the OR-
techniques. With this reservation in mind it may be established that
simulation, linear programming, inventory and queueing theories be-
long to those techniques most often mentioned in surveys by Eilon,
Hough and Betts {Great Britain, 1969), Vatter (U.S., 1966) and Bar-
low and Grinley (Canada, 1963).

With regard to the organizational location of the OR-activities respect-
ively the users!1) in the 12 enterprises studied the result shows a dif-
ference. The users of the 107 solution proposals are mostly in-lined lo-
cated (69 %) and functionally dependent {80 %), while the opposite
is valid for the 25 OR-activities (14 9% respectively 28 %). Also Rad-
no's, Rubenstein’s and Bean's (1968) study of 66 American enter-
prises shows a similar difference in the location of the operational re-
searchers and the users, even if not so marked. According to our result,
some network planning activities are to be found in-line or within
functions. Most common organizational level {of 5 different) for both
OR.-activities and users is the 3rd. As a rule, however, the users tend
to be located on a higher level while the opposite is true of the OR-
activities. Above all where the user's replies are concerned a non-
response occurs. The distribution of this nonresponse notwithstanding
appears that the users mostly are in-line located and dependent of some
function. With regard to the location level the nonresponse may have
some influence. My experience from the study does not, however, in-
dicate that the nonresponse in any considerable way deviates from the
result obtained.

11y That decision maker or those decision makers for whom the research is made are
singly or collectively called user, Any organization member may play the role of
Wser,



Characteristics of:
The OR-activity

Research subject

SUBJECT OF ACTIVITY

Problem area Coordination and production problems

Solving technigue Network planning and simulation

Extent Work input <C 4 working months and

cost <Z $6,000
Operational researchers | Users

ORGANIZATION

In-line location 14 %/ 69 %%

Functional location 28 % 80 %

Level 3 3
EDUCATION AND AGE

Engineering 62 %, 69 %a

University 67 %o 69 %

Younger than 40 years 96 %o 45 %,

Summary of results.

According to the study, the majority of network planners (24 in toto)
has a college degree in engineering. Also among the other operational
researchers!?) (32 in toto) an engineering education seems to be the
most common, even if not so common as among the network planners.
They are, on the other hand, mostly university graduates. According to
the result the user also has, above all, an engineering education at uni-
versity level. Other studies (see e.g. Eilon, Hough and Betts, 1969;
Schumacher and Smith, 1965 and Barlow and Grinlay, 1963) show
that an engineering education is not so dominating ameng the partici-
pating operational researchs, as it is according to our investigation, An-
other commonly occuring group in these studies is the “mathematician/
statistician”. Also with regard to the graduation level differences are
appearent. A university degree is more commonly occuring in the above
mentioned surveys than according to our study. Age-wise the users are
older than the operational researchers. Other studies show the partici-
pating operational researchers as being either older than (see e.g.
Schumacher and Smith, 1963) or of approximately the same age as
their Swedish collegues studied (see e.g. Slocombe, 1968). Also with
regard to these questions it has been difficult to obtain information on
all users. In my opinion, nothing seems to indicate that the nonre-
sponse in these studies deviates from those users on which information
was obtained.

12) The operational researcher is conceived as a person who uses the operational re- .

search procedure in order to solve problems. He is an expert to whom the organ-
ization members may turn for assistance.

Table 2.1,



3. Characteristics of executed OR-solution

The material for this paragraph was obtained through the above men-
tioned interviews at 12 stock exchange quoted enterprises. Operational
researchers and users reported that 70 (73 %) of the 107 projects
studied had been executed13).

A concept of the variables which may influence the execution of OR-
solutions I obtained by studying other professional articles (see Table
3.1 and foodnote 2 on page 3). The variables obtained in this way were
divided into 3 separate classes, the variables being the expression for,
respectively, the relationship between users and operational researchers,
the problem and the solution result,

Information on the relationship and the results of the use of OR was
obtained by telephone interviews with the users. The operational re-
searchers replied at personal interviews to the questions regarding the
characteristics of the problems. A summary of the results is shown in
Table 3.1.

"u.:’ariablet ftorf"ful'éich Th:js Stlt-ldy Other studies
Variable | ' ®XPectlofind a | indicales indicating that a
class connection with the exis- similar connection
the execution of tence of a e ;
: ) ¥y exist
OF-solutions connection
User's
participation Yes l Bennis, 1966
Rel Operational Yes Katz and Kahn, 1966
ela- researcher's Radnor, Rubenstein
gﬁi”" participation and Tansik, 1970
P Contact frequency ? Colcutt, 1965
Initiator of {Yes) Heiman, 1964
project
Problem Ackoff, 1962
limitation Yes
Quantifiability of
P |
roblem variables Yes I Slocombe, 1968
Availability of
data material Yes Vatter, 1966
Value of solution
Result proposal Yes Heiman, 1964
Internal charging ? -

Summary of reswlis regarding connection obtained between different
variables, execution of the solutions and comparison with other studies.

13y A solution is considered executed if it has influenced the decision-making. This
means that the decision became different from what it would have been if no
salution proposal had been presented.

Table 3.1.



The result of the survey shows that the better the relations between
user and operational researcher are the larger is the number of solu-
tions executed in the companies studied. As expression for these rela-
tions I have conceived the user's participation in the problem defina-
tion, the nperati(}nal researcher’s participation in the execution, the
contact frequency between them and initiator of the project. The result
may be compared to what other researchers have said about the import-
ance of cooperation and participation by changes (see e.g. Bennis, 1966,
Katz and Kahn, 1966). With regard to contact frequency and initiator
it can be shown, however, that a very biased distribution of the non-
response causes that the material does not indicate any connection.
The influence of the dependency must also be considered. Conditions
in the enterprises and characteristics of the activities may be reflected
by the material. An examination shows that projects from some activi-
ties deviate from the picture the material as a whole gives of the con-
nection between contact frequency and execution.

Problem limitationi4), quantifiability of the variables!5), and the
availibility of the data material16) were by me assumed to reflect dif-
ferent aspects of the problem. For all of these variables the result
shows a definite connection with the execution. This result agrees with
the experiences of other researchers. The nonresponse is small and
cannot influence the result, nor does an examination show any in-
fluence from the dependence.

The value of the OR-solution which I assumed to be an expression for
the reswlt was measured as cost savings both in the short-range and
long-range perspective and with regard to the value of the solution by
decision-making. The result clearly shows a positive connection.
Neither nonresponse nor dependence is of any importance. As an ex-
pression for the expenditure the user may connect with an OR-solution
the occurence of internal charging was utilized. The result indicates a
very slight positive connection. However, a certain distribution of the
nonresponse causes the connection to vanish. Also the dependence is of
importance. The OR-activities seem to have a clearly prenounced policy
with regard to this question: Internal charging either does or does not
occur.

In conclusion may be mentioned that I have investigated what in-
fluence a) solving techniques used b) timing ¢) budget of the OR-
activities d) the management’s initiating the activity and e) the user’s

11y Problem limitation means the assumptions that have to be made with regard to
the variables and their relations.

Quantifiability of the variables refers to the possibility of expressing a quality
numerically,

15}

W) Availability of the data material refers to the possibility of obtaining informa-
tion on the values of the variables,



familiarity with OR-projects have on the established connections. I
have effected the analyzis by classifying the material. Let me exemplify:
[ have distinguised between network planned projects and other pro-
jects. I have then compared the connections in both these groups be-
tween the variables and the execution. The result of these analyzes was
that the connections became somewhat weaker when the users are
familiar with OR-projects or when the activities have been in effect
for some years, '

4. Conclusion

The survay presented in this article has shown what characterizes stock
exchange quoted enterprises using OR. From the result also appears
how OR is utilized in these companies. Finally, characteristics of exe-
cuted OR-projects have been reported on. With this result as a back-
ground I will, in conclusion, outline what is, probably, required for
making successful use of OR.

One interpretation of the result is that an enterprise planning to utilize
OR should strive for the same qualities that characterize the “big”
enterprises: A certain production inclination, a certain educational level
and access to computer. This might, however, not be the whole truth.
The variables studied may reflect other qualities of the enterprises. The
explanation might be that the "big” enterprises have such complex
problems that an OR-procedure is suitable. There exists a need. The
size, measured by the number of employees, brings, probably, with it
an increased probability that, at least, somebody in the company under-
stands the significance of OR and is prepared to test the method. There
exists a consumer side. A possible way for a small company to master
these difficulties may be to contact an OR-consultant when necessary.
A pre-requisite is, naturally, the existence of consultants.

Another explanation is that the awareness of innovations may arise
earlier in big enterprises than in small. Since the big enterprises, as a
rule, hire new personnel more often than the small, this carries with
it an increased probability that among the newly hired there is, at least,
one with a knowledge of OR. Through the larger number of em-
ployees the contacts with the world around, probably, also increase. As
a total the employees of a big company can meet more people, read
more papers, visit more fairs etc. than the employees of a small com-
pany. Through increased and intensified information smaller enter-
prises should be able to handle these problems. As a physician intro-
duces new medicines in order to aid the patient the consultant can also
help to spread news to the organizations.



For an enterprise that has decided to utilize OR it may be profitable
to distinguish between long-range and short-range decisions in order
to understand the difficulties that may arise by the use of OR. The
long-range decisions concern the procurement of resources, while the
short-range ones have to do with the use of these resources. As ex-
amples of long-range decisions may serve the incorporation into the
company of the OR-activity and its organizational location, the training
of operational researchers and the assembly of the project portfolio.
Short-range decisions may, for instance, concern the method of ap-
proach in the solving of a problem. Both these types of decisions may
have influence on the use of OR in the enterprise. The difficulties in
the execution of a solution proposal may arise from the decision made
in connection with the problem solution. These difficulties may, how-
ever, become hard to handle if the organizational gap between opera-
tional researcher and user its too wide or if the operational researcher
lacks knowledge of the conflicts thar may arise in his dealings with
the organization members and/or does-not know how o handle such
conflicts,

Since the use of OR, as a rule, entails a division of labor between opera-
tional researchers and users it 1s necessary to look upon the execntion
as a process. The preparations for the execution begin already at the
generation of the problem. It is important that the user recognizes that
a problem exists. The responsibility for the project should, later, rest
with the user, since it is he who has to assess the solution proposal. The
user is, of course, dependent upon that the problem is solved in a
favorable manner. It is, therefore, the user who ought to define the
problem. This may, of course, be done with the assistence of the opera-
tional researcher. A cooperation should also occur by the identification
of variables and the specification of the connections between functions.
The user should also know about the limitations made, the assumption
on which the model is built. For the construction and solving of the
model the operational researcher is best suited. The user should, how-
ever, be kept informed.

Above and beyond the fact that this cooperation gives the user a better
chance to appraise the solution he will, probably, become more interest-
ed and willing to assist with the rescarch. Even after the user has de-
cided to tackle the problem in accordance with the operational  re-
searcher’s proposal it is important that the cooperation continues. The
operational researcher may, for instance, come up with elucidations
and explanations in planning the execution. It then rests with the user
to see to it, possibly with assistance, that the plan is followed. It is,
consequently, important that somebody or some officials on the user
side are trained in handling the model themselves if it is to be used at
more than one decision-making occasion. The checking is also im-



portant. Do the intentions of the decision conform to what has been
executed? In my opinion the process of execution is terminated by
establishing conformity.

Even if this procedure is used difficulties may arise in the execution.
OR is a mathematical method. Since it may be difficult to quantify
variables or express relations through equations the operational re-
searcher may be forced to limitations in the model construction. The
consequence may be that the solution becomes less relevant. Difficulties
may also arise because the organization members do not feel that OR
justifies its cost. '

5. Appendix

As population for a study of characteristic features in enterprises wsing
OR were selected 83 companies which in May, 1969 were guoted on
the Stockholm Stock Exchange (banks and holding companies were
excluded with regard to their special position). One reason for the
selection of this population was that it included enterprises applying
OR. (A study of the membership list of the OR-association showed
this.) Another reason was that there existed a directory.

To find out in which of these enterprises OR was applied a guestion-
naire was sent to the general manager. An advantage with this method
is that it is inexpensive and does not require any large manpower input,_
Information on the different variables I obtained by studying various
statistical summaries. Limited economic and manpower resources made
a collection of data on my own impossible. An extension of the
questionnaire I considered unrealistic with regard to the possibility that
the different subjects of the questions might increase the nonresponse.
By an empirical study of this kind the result may be impaired by a
number of errors. The application of OR need not be known to the
person filling in the questionnaire. Another possibility is that a re-
search job is classed as operational research although it is not according
to the defination given. In order as far as possible to prevent these
errors OR was defined from different aspects. One defination was
verbal!7). Examples of various application areas were given (produc-
tion and bottleneck problems, coordination problems, transportation
problems, inventory problems etc.). An operational defination was
obtained by listing a number of OR-techniques (compare p. 3). A
comparison between the replies received and the results from two case
studies (Bark-Holst and Welinder, 1969 and Ljung, 1969) indicates
good reliability for the material.

17y OR constitutes a scientific analyzis of a system, process or similar with the pur-
pose of piving a quantitive basis for a decision aiming at an increase of the effi
ciency of the system, process etc.
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OR-projects at 12 of the stock exchange guoted companies were chosen
as population for a study of the wse of OR in organizations and the dif-
ficulties accompanying the execztion. (In order to decide which pro-
jects constituted operational research [ started from the so called OR-
techniques, compare p. 3). The reason for selecting just those enter-
prises was that I, through a question in the questionnaire, knew that
those companies had, at least, one full-time operational researcher
employed. This, I expected, would facilitate the collection of data. The
number of companies was decided with regard to the resources avail-
able to me.

The survey of those 12 enterprises was conducted by first approaching
the respective general managers asking permission to make the survey.
After having had him identified I then called up the company's opera-
tional researcher of researchers on the telephone. A personal meeting
was arranged in order to give me the opportunity to put my questions.
( Particulars of the information received and the motivation behind the
choice of questions appear from the result presentation). Personal in-
terviews were chosen with regard to the importance of getting correct
information. Explanations might become necessary. The extent of the
survey also spoke for interviews. With every operational research pro-
ject T associated a user. Information as to who was his contact on the
user side [ obtained from the operational researcher. The contact was
approached by telephone. This data collecting method was in-expensive
and made necessary explanations possible.

The population came to consist of 107 projects which had been termi-
nated before the summer of 1970. OF these 29 were reported not exe-
cuted by the users. The number of operational research activities traced
was 25, The result is, consequently, valid only for these projects. The
intimate contacts I have had with the companies concerned probably
result in the fact that, at least, more extensive OR-activities have been
traced. On the other hand it is difficult to judge to what extent all the
projects of the activities have been discovered. Have projects, the
solutions of which were not executed, been kept back? In order to re-
duce this nonresponse I discussed its consequences with my informants.
I guaranteed confidential treatment of the material. By the interpre-
tation of this material we must also remember that people may ex-
perience situations differently. Our views may change with time. The
replies must, therefore, be judged in connection with the category
supplying them and with the time they were obtained. A comparison
between replies from the operational researchers respectively the users
and an examination of the documentation on the projects show that
the reliability is good.



portant. Do the intentions of the decision conform to what has been
executed? In my opinion the process of execution is terminated by
establishing conformity.

Even if this procedure is used difficulties may arise in the execution.
OR is a mathematical method. Since it may be difficult to quantify
variables or express relations through equations the operational re-
searcher may be forced to limitations in the model construction. The
consequence may be that the solution becomes less relevant. Difficulties
may also arise because the organization members do not feel that OR
justifies its cost. '

5. Appendix

As population for a study of characteristic features in enterprises wsing
OR were selected 83 companies which in May, 1969 were guoted on
the Stockholm Stock Exchange (banks and holding companies were
excluded with regard to their special position). One reason for the
selection of this population was that it included enterprises applying
OR. (A study of the membership list of the OR-association showed
this.) Another reason was that there existed a directory.

To find out in which of these enterprises OR was applied a guestion-
naire was sent to the general manager. An advantage with this method
is that it is inexpensive and does not require any large manpower input,_
Information on the different variables I obtained by studying various
statistical summaries. Limited economic and manpower resources made
a collection of data on my own impossible. An extension of the
questionnaire I considered unrealistic with regard to the possibility that
the different subjects of the questions might increase the nonresponse.
By an empirical study of this kind the result may be impaired by a
number of errors. The application of OR need not be known to the
person filling in the questionnaire. Another possibility is that a re-
search job is classed as operational research although it is not according
to the defination given. In order as far as possible to prevent these
errors OR was defined from different aspects. One defination was
verbal!7). Examples of various application areas were given (produc-
tion and bottleneck problems, coordination problems, transportation
problems, inventory problems etc.). An operational defination was
obtained by listing a number of OR-techniques (compare p. 3). A
comparison between the replies received and the results from two case
studies (Bark-Holst and Welinder, 1969 and Ljung, 1969) indicates
good reliability for the material.

17y OR constitutes a scientific analyzis of a system, process or similar with the pur-
pose of piving a quantitive basis for a decision aiming at an increase of the effi
ciency of the system, process etc.



