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1, INTRODUCTION,

Research activities in the natural sciences, andespecially those in the field of pure research work asopposed to applied research, are being financiallysupported for various reasons, probably the least ofwhich is the hope for a quick economic return. Ithas, nevertheless, been realised for a number of yearsthat benefits of one sort or another may appear invarious and sometimes unexpected ways, where these be—nefits are not the direct consequence of the applica—tion of a research result. They are rather to be com—pared with the well—known ”spin—off” effects obtainedwhile pursuing the research work. An example may help
to illustrate what is meant.

Instruments and materials used in research institu-tions often need to be of the most advanced type andeven then they are not always satisfactory. A re—’search worker may therefore develop, for example, animproved instrument or a new method for better or moreprecise measurements of a desired quantity and maythen approach a manufacturer. The manufacturer buildsthe instrument, perhaps even with the help of the re-searcher and then sells the desired quantity to theresearch institution‘ This line of approach is veryfrequent, especially in research institutes where fa-cilities for the manufacture of larger quantities ofinstruments or other pieces of hardware do not always
exist. If subsequently the industrial manufacturer
sells this new instrument on the market, a new situa—
tion arises: he will probably increase his sales fig-
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ures because he is alone in offering this instrument,
he may have lowered the production cost by learning
some new techniques in making the instrument, and he
may even have increased his turnover for other pro—
ducts he manufactures by using the "X—Institution",
for which he worked, as a reference. As may be seen
from this somewhat simplified example, it can happenduring a number of research activities that industrial
partners profit in some way from the collaboration
with the research institution even if nobody takes outany patents, and quite apart from the results of the
research activity of the institution concerned.

This phenomenon is certainly not new as such: ef—
forts to obtain some precise figures however are not
numerous. This may be partly due to the fact that aneconomic model has to be used which works on datawhich are available from industry, and partly due to
the effort involved in carrying out such an undertak—
ing and in convincing the participants that such an
evaluation is at all possible.

For government—financed research centres, such asthe European Laboratory for Particle Physics (CERN)and the European Space Agency (BSA), it was neverthe—less important to obtain some more precise informationon the economic advantages a number of industrial ma—nufacturers may have obtained, and thus to understandbetter what eventually happens to the tax—payer's mo-ney.

2. ECONOMIC UTlLlTY.

It will now be assumed that the collaboration of anindustrial manufacturer with a research institutionmay be of some economic usefulness for this manufac-turer, and it will be shown how this usefulness may bequantified.

To illustrate the argument, the example of CERNwill be described. This is also interesting for his-torical reasons, as it was there that the above con—siderations led for the first time to some conclu—sions. As far as the method described is concerned,any other research centre may take the place of CERN.
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Consider a firm which at the end of the financialyear shows some gain,1 G. If this firm had an orderfrom CHRN during the year, it will probably be possi-ble for the firm's management to evaluate what the hy—pothetiea] gain, Ghyp, would have been, had there beenno order from CERN. The real gain, Greal, in thisyear however contains the influence of the order fromCERN, and this influence may in a simplified way con-sist of a larger sales figure than the one in the hy—pothetical situation without the CERN order, and alsosome savings the firm was able to realise due to work-ing in collaboration with CERN.

Let the difference between the real and the hypoth-etical gain be called the economic utility, U1:

U1 = Grcal " Ghyp
(1)

This definition serves as the conceptual basis for theutility quantification formula given in the subsequentsection.

It has been said that this definition is based onsimplified assumptions. What is meant by this remarkis the following: in a general case it must be as—sumed that an order, especially a large one, may notonly influence the sales figures and cause some costsavings, but that it can also influence the price ofproducts sold, the purchase price of semi—finishedproducts, the depreciation of installations, the re—muneration paid to employees, etc. It has, however,turned out that the above definition, even if it isbased on a simplification, appears to give a reason-able approximation to the actual situation, and that'it has the further advantage of using only data whichare easily accessible, whereas the consideration ofall factors being influenced will often be impossibleand thus may cause unpredictable errors. A more de-tailed discussion of this point may be found in theliterature (I).

The utility, UL, as defined in equation (1), wasthe object of a first study carried out at CERN from1973 to 1975, where a total of 199 cases concerning

' “Gain” is used in this paper to denote all financialbenefits arising from turnover, cost savings, etc.
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127 industrial firms were investigated. The results
have been published (2), and were encouraging enough
to stimulate further studies. This first study, which
covered the period from 1955 to 1978 (i.e. the firms
were asked to make a forecast for a maximum of
5 years), already showed that the 127 firms investi—
gated had an overall utility of 3.7 monetary units
iZOZ for every monetary unit CERN had spent on orders
with these firms. This ratio varied widely over the
different fields of activity, the extremes extending
from 1.4 (electric equipments) to 29 (precision me—
chanics).

Two further studies followed, concerned with the
utility created by contracts from BSA, and the results
of these have been published (3—4). A second study of
utility created by CERN started at the end of 1982
which, for the first time, will reveal, amongst other
things, how much the forecasts up to 1978 made by the
industry during the first study deviate from the real—
ity arising from an economic slowdown.

The firms to be interviewed are selected on a sta—
tistical basis, and the first interviews have already
been held. Preliminary results should become availa—
ble by the end of 1983.

3. THE OUANTIPICATTON FORMULA.

For this second CERN study, it is again the defini-
tion of utility, UL, of equation (1) which is being
used. However the model has been somewhat improved,

'mainly by including, in a more formal way, weighting
factors which can be made available by industrial ma-
nufacturers, as experience with the earlier studies
has shown. It may be useful to discuss a number of
the quantities which enter into the quantification
formula before looking at the formula itself.

The utility, Ut, as well as the quantities on which
the evaluation of UL is based are monetary quantities,
M1, which in the case of CERN are expressed in Swiss
francs. Several quantities of this kind enter into
the evaluation: the turnover of the firm, ML, the sa—
les to CERN, M5, the cost savings, MC, which could be
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realised, the opportunity cost, Mo, which representsadditional turnover which would have been possible butwhich for well understood reasons was not realised,
and finally the utility, Mu = U1.

If one wishes to obtain the net influence of CERNto the sales figures, one has to consider only thatpart of the total turnover, Mi, which has some rele-vance to the products sold to CERN. An example mayhelp to illustrate this point. Consider a firm makingtransformers, electric motors and household applianc—es. Suppose the firm has made electromagnets for CERNwhich subsequently led to improvements in manufactur—ing their main products, i.e. transformers and motors,leading to sales increases. No influence of the CERNcontract was felt however on the side of the householdappliances. The turnover of the firm, ML, thereforehas to be multiplied by a factor Ct § 1 which givesthe percentage part of the total turnover, Mt, whichis realised by the parts of the firm making transform-
ers and motors, i.e. those parts being influenced bythe CERN contract.

A further correction has to be applied to this re—duced CERN—relevant turnover, CL*M1, which is given bythe sales to CERN Ms. The economic utility, U1, ofinterest is the net utility the firm has succeeded increating by dealing with customers other than CERN.The turnover figures with CERN, Ms, have therefore tobe deducted from the CERN—relevant turnover, Ct*ML.

The utility, U1 = Mu, can be split into the part,Mus, of Mu which is caused by increasing sales figuresand the part, Muc, which are the cost savings. It‘then becomes

vi = Mu = Mus + Muc (2)

A few considerations still enter into the evalua-tion of UL. It is easily seen that only that part ofthe turnover, Mt, must be considered which is given bythe added value, i.e. purchases of raw materials, pre—fabricated parts and energy, etc., which appear in theturnover, have to be disregarded.



Two kinds of weighting factors are used, which help
in identifying the source of utility. '

1. The economic success factoflfi which take into ac—
count the percentage influence of the firm's
different activities, such as marketing, price
competitivity, quality, research and development,
etc., on the turnover on one hand and on the cost
savings on the other.

2. The CERN influence factors on the same activi-
ties.

The product of corresponding factors gives the influ—
ence of CERN in the field of marketing, price, quali—
ty, etc., on the turnover of the firm under considera—
tion (see equations 4—7 below).

It is now possible to present the quantification
formula in equation (2) with the different quantities
which enter into its evaluation. These quantities,
denoted by capital letters with indices, are:

M Ill monetary quantities, expressed in Swiss
francs.
economic success factors, dimensionless.
CERN influence factors, dimensionless.

E
C

The in Q. ices used are the following:

turnover of the firm.
sales influence.
cost savings.
opportunity cost.
additional cost.
losses.
utility.
marketing.
new products.
price.
decision making process.
quality.
research and development (technology).
any other success factor index.X
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x
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With these conventions the following quantities may
be defined, most of which have already been discussed
in the prceccding sections:
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Mi turnover of the firm.
M5 = sales to CERN.
Me = cost savings.
Mo = opportunity cost.
Ma = additional cost.
M1 = losses incurred on CERN contracts.
Mu = U1 = utility.
Mus = utility due to sales increase.
Muc = utility due to cost savings.

The individual economic success factors E then aredesigned by two indices, where in Eij the first index
indicates the activity (marketing, price, quality,etc.), whereas the second is either 3 (sales) orc (cost savings), which follows equation (2), where
the utility is split into these two parts. In this
notation:

EmS = contribution of marketing to sales.
Ere = contribution of research and development to

cost savings.
etc....

The CERN influence factors, C11, are defined in
analogy, again with the second index being either 8 orc:

Cms

Cnc
CERN influence on sales via marketing.
CERN influence on cost savings with new
products.

Two more quantities which also have been discussed
in the proceeding sections are:

C; = percentage factor for CERN relevant turnover.
k = percentage factor for added value.

For the dimensionless quantities E and C the fol-
lowing constraints are valid:

a) they are all z 0 and § 1

0" V M F! 2.. II M E1 : ll 1 for j = m,n,p,d,q,r,x (3)



Equation (8) says that all relevant factors which
cause the economic success (sales increase or cost
savings) must have been taken into account.

(CE); = E C s E's {0! J: m,n,‘p,d,q,r,x (4)’ 1 J
J

then denotes the sum of all factors relating to sales,
while

(CE)c = E Cjc c for j = m.n.p.d.q,r.x (5)3

gives the same sum relating to cost savings,

With these notations the quantification formula in
equation (2)

UL = Mu = Mu. + Mu. (2)
can now be decomposed into

Mus k [(CE).(C.M. - M.) — Mo] (6)

Mu. (CE).(Mc — M.) — M1 (7)
Equations (2), (6) and (7) are the basis of the

second study of economic utility created by CERN con—
tracts in industry. As the first interviews with in—
dustrial firms indicate, the formulas are based on
quantities which are not only available in industry
but which firms in general are also willing to commu-
nicate. It is therefore thought that this model would
also serve to evaluate the economic utility of other

'rescarch institutions.
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