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1., ITNTRODUCTION,

Research activities in the natural sciences, and
especially those in the field of pure research work as

opposed to applied research, are being financially
supported for various reasons, probably the least of
wvhich is the hope for a quick economic return. It

has, nevertheless, been realisecd for a number of years
that benefits of one sort or another may appear in
various and sometimes unexpected ways, where these be-
nefits are not the dircct conscquence of Lhe applica-
tion of a research result. They are rather to be com-
pared with the well-known "spin-off" effects obtained
while 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 and
even then they are not always satisfactory. A re-

"search worker may thercfore develop, for example, an
improved instrument or a new method for better or more
precise mcasurements of a desired aquantity and may
then approach a manufacturer. The manufacturer builds
the instrument, perhaps even with lhe help of the re-
scarcher and then scells the desired quantily to the
rcsearch institution. This line of approach is very
frequent, especially in research institutes where fa-
cilities for the manufaclurc of larger quanlities of
instruments or other pieces of hardware do not always

exist, If subsecquently the industrial manufacturer
sells this new instrument on the market, a new situa-
tion arisecs; he will probably incrcase 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 happen
during a number of research activities that industrial
partners profit in some way from the collaboration
with the research institulion even if nobody takes out
any 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 an
economic model has to be wused which works on data
which 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 as
the Europecan Laboratory for Particle Physics (CERN)
and the European Space Agency (ESA), it was neverthe-
less important to obtain some more precise information
on the economic advantages a number of industrial ma-
nufacturers may have obtained, and thus to understand
better what eventually happens to the tax-payer's mo-
ney.

2, BECONOMIC UTILITY,

I't will now be assumed that Lhe collaboration of an
industrial manufacturer with a rescarch institution
may be of some cconomic usefulness for this manufac-
turer, and it will be shown how this usefulness may be
quantificed.

To illustrate the argument, the example of CERN
will be described. This is also interesting for his-
torical rcasons, 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 resecarch centre may take the place of CERN.
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Consider a firm which at the end of the financial
year shows some gain,! G, If this firm had an order
from CERN during the year, it will probably be possi-
ble for the firm's management to evaluate what the hy-
polhetical gain, Ghyp, would have been, had there been
no order from CERN. The real gain, Greal, in this
year however contains the influence of the order from
CERN, and this influence may in a simplified way con-
sist of a larger sales figure than the one in the hy-
pothetical situation wilhout the CERN order, and also
some 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, Uy:

Ut = Grean = Ghyp (1)

This definition serves as the conceptual basis for the
utility quantification formula given in the subsequent
section,

It has been said that this definition 1is based on
simplified assumplions. What is meant by this remark
is the following: in a gencral case it must be as-
sumed that an order, especially a large one, may not
only influence Lhe sales figures and cause some cost
savings, but that it can also influence the price of

products sold, the purchase price of semi-finished
products, the depreciation of installations, the re-
muneration paid to employees, etc, It has, however,

turned out that the above definition, even if it is
based on a simplificalion, appcars to give a reason-
able approximation to the actual situation, and that
il has the further advantage of using only data which
are casily accessible, wherecas the consideration of
all factors being influenced will often be impossible
and Lhus may causc unpredictable errors. A more de-
tailed discussion of this point may be found in the
literature (1),

The utility, U, as defined in cquation (1), was
the object of a first study carricd out at CERN from
1973 to 1975, where a total of 199 cases concerning

I "Gain" is used in Lhis paper to denole all financial
benefits 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 1953 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
3207% 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 ESA, 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 arec 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 QUANTIFICATION FORMUILA.

For this second CERN study, it is again the defini-
tion of wuwtility, Uy, 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 ecarlier studies
has shown, It may be uscful to discuss a number of
the quantities which enter into the quantification
formula before looking at the formula itself.

The utility, Uy, as well as the quantities on which
the evaluation of Uy is based are moneclary quantities,
Mi, which in the case of CERN arc expressed in Swiss
francs. Several quantities of this kind enter into
the cvalualion: the turnover of the firm, My, lhe sa-
les to CERN, M, the cost savings, M, which could be
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realised, the opportunity cost, M., which represents
additional turnover which would have been possible but
which for well understood reasons was not realised,
and finally the utility, My = Uy

If one wishes to obtain the net influence of CERN
to the sales figures, one has to consider only that
part of the total turnover, My, which has some rele-
vance to the products sold to CERN. An example may
help to illustrate this point. Consider a firm making
transformers, electric motors and household applianc-
es. Suppose the firm has made electromagnets for CERN
which subsequently led to improvements in manufactur-
ing their main products, i.e. transformers and motors,

leading to sales increases. No influence of the CERN
contract was felt however on the side of the household
appliances. The turnover of the firm, My, therefore

has to be multiplied by a factor Cy, ¢ 1 which gives
the percentage part of the total turnover, M., which
is realised by the parts of the firm making transform-
ers and motors, i.e. those parts being influenced by
the CERN contract.

A further correction has to be applied to this re-
duced CERN-relevant turnover, Cy*M{, which is given by
the sales to CERN M. The economic utility, Uy, of
interest is the net utility the firm has succeeded in
creating by dealing with customers other than CERN,
The turnover figures with CERN, Ms, have therefore to
be deducled from the CERN-relevant turnover, Cy*M,.

The utility, Uiv = My, can be split into the part,
Mus, of My which is caused by incrcasing sales figures
and the part, Muc, which are the cost savings. It
“then becomes

Ut = My = Mus + Myo (2)

A few considerations still enter into the evalua-
tion of Uy, It is ecasily scen that only that part of
the turnover, My, must be considecred which is given by
Lhe added value, i.e. purchases of raw malecrials, pre-
fabricated partls and encrgy, ecle., which appear in the
turnover, have to be disregarded.



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

1. The economic surcerss factors which take into ac-
count the percentage influence of the firm's
different activitices, 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 Llurnover 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, arc:

M = monetary quantities, expressed in Swiss
francs.

E = economic success factors, dimensionless.

C = CERN influence factors, dimensionlcss.

The indices used are the following:

rescarch and development (tcchnology).
any other success factor index.

t = turnover of Lhe firm.
s = sales influence.,

¢ = cost savings.

o = opportunity cost,

a = additional cost.

1 = lossecs.

u = utility.

m = marketing.

n = new products.

p = price.

d = decision making process.
a = quality.

r =

X =

Wilh these conventions the following quantitiecs may
be defined, most of which have alrcady been discussced
in the preceeding scctions:
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Mt turnover of the firm.

Ms = sales to CERN.

Me = cost savings.

Me = opportunity cost.,

Ma = additional cost.

M = losses incurred on CERN contracts.
Mo = Uy = utility,

Mus = utility due to sales increcase.

Muc = utility due to cost savings.,

The individual economic success factors E then are
designed by two indices, where in Eij the first index
indicates the activity (markcting, price, quality,
etc.), wvhercas the second is either s (sales) or
c (cost savings), which follows cquation (2), where
the utility is split into these Lwo parts. In this
notation:

Ems = contribution of marketing to sales.,
Erc = contribution of rescarch and development to
cost savings.
ete....
The CERN influence factors, Cij, are defined in

analogy, again with the second index being either s or
c:

Cms
Cne

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

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

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

For Lhe dimensionless quantitiecs E and C the fol-
lowing constrainls are valid:

a) they are all 2 0 and 1

b) £ Ejs = Z Eje.= 1 for Jj =m,n,p,d,q,r,x (3)



Equation (3) says that all relevant factors which
cause the economic success (sales increase or cost
savings) must have been taken into account.

(CE)s = 2 Cys By for J = m,n,p,d,q,l',x (4)
X i ]
b

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

(CE)C = E Cjc EJC ror j = mrn;prdﬁq'r)x (5)
i

gives the same sum relating to cost savings,

With these notations the quantification formula in
equation (2)

Ut = My = Mus + Muc (2)
can now be dccomposed into

Mu s k [(CE)s(CtMy = Ms) = Mo (8)

Mu e

(CE)c(Me - Ma) - M,y (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 Lhought that this model would
also serve to evaluate the economic utility of other
‘rescarch institutions.

4. REFERENCES,

) H., Schmied, Results of Attcmpts to Quanlify the
Secondary LEconomic Effeccls Generated by Big Re-
scarch Centers, IEEE Trans. Eng. Manag. ENM-29
No. 4, p 154 (1982).

2, H. Schmied, A Study of Economic Utility Resulting

-8-



from CERN Contracts (CERN 75-5) and IEEE
Trans. Eng. Manag. EM-24 No. 4, p 125 (1977).

P. Cohendet, R. Larue de Tournemine and

H. Schmied, Economic Benefits of [SA Contracts,
ESA Contract Report, July 1978,

P. Brendle, P. Cohendel, J.A. Heraud, R. Larue de
Tournemine, H. Schmied, D. Vilry and
E. Zuscovilch, Les Effels Bconomiques Induits de
1"ESA, ESA Contract Report Vol. 3, June 1980,



