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Introduction

Professor Daniel Weihs:

This study -- a technometric study of comparative advantage in selected high-technology
industries in Israel-- was funded by the German-Israel Foundation. Its director, Dr. Amnon
Barak, will attend this symposium.

This project is a good example of the kind of research that the GIF can and should support.
It resulted in a fruitful, direct contact between two working groups and hopefully, as far as I

understand from the researchers, may ultimately generate as many as ten published papers.

Professor Shlomo Maital:

Our lecturer today is Dr. Hariolf L. Grupp. His topic is: From Basic Research to Knowledge
Based Exports: An Integrated System of Quantitative Indicators for the Technological Innovation

Process.

Dr. Grupp is not a stranger to Israel. He was a student trainee here as a Physics student from
Germany. He came here to work with Professor Zeev Levi at the Hebrew University in 1971.
Dr. Grupp got his Ph.D. in Solid State Physics from Heidelberg University, served for two
years as an assistant professor in Heidelberg, and then for four years was a senior researcher

at the Bundestag, the Parliament of West Germany, in the office of Technology Assessment.

In 1985 he joined Fraunhofer-Institute for Systems Analysis in Karlsruhe. Fraunhofer, as
you know, is a chain of independent Research and Development institutes or laboratories. Dr.
Grupp's branch, in Karlsruhe, does evaluative research and Dr. Grupp is head of the
technological change group. He is also the vice-chairman of the scientific council of all 49
Fraunhofer labs.

Dr. Grupp tells me that as vice-chairman of this scientific council, he has learned a great deal
about the process of technological change and ongoing trends in this area. We are very
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pleased to have Dr. Grupp as the guest of the S. Neaman Institute for Advanced Studies in
Science & Technology.



From Basic Research to Knowledge-Based Exports:
An Integrated System of Quantitative Indicators for the
Technological Innovation Process

Dr. Hariolf Grupp

Thank you very much, ladies and gentlemen, for this very warm welcome. It is really my
pleasure to speak today at the Technion after several years of joint work and I would like to
thank cordially the Neaman Institute, in particular the director, Professor Weihs, for the
invitation to speak here today. I also say this on behalf of my colleague, Knut
Koschatzky, who participated in this project but was unfortunately unable to attend the
workshop this week.

In this symposium, we will devote the next few hours to discussing the results of our joint
research with Shlomo Maital and Amnon Frenkel of the Technion. As has already been
indicated by Prof. Weihs, the original proposal submitted to the German-Israeli Foundation
was drafted by myself and by Prof. Zehev Tadmor, who was then Director of the S.
Neaman Institute, and although he is absent and very busy, I would like to thank him as
well for stimulating this research. It was a great help that in both countries, Israel and
Germany, there was keen interest from the very beginning of this project. But in order to
bring it to fruition, one has to have people actively working in each country. I would like
to thank all those who were involved in the preparation and in the research itself.

Now I would like provide a introduction describing our methodology. In order to convince
you about the usefulness of technometrics, I would like to give you an example -- an
historic case. In fact it is not very "historic" -- it related to the year 1987 -- and for this
example I can show you what the economic impact of innovation was, from 1987 until

now.

Before I start I would like to give you my "coordinates”. This is a map of the unified
Germany, together with the old borders. You can see that Fraunhofer is a research

organization for applied research, private, and non-profit, which is decentralized.
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Its headquarters are in Munich and there are branches in many cities all around the
Germany, dedicated to special fields of applied science and engineering. In the past two
years, we have taken over several institutes from the former Academy of Sciences of the
German Democratic Republic. My own institute is close to the border with France.

We are very much oriented towards European projects; the share of our collaboration with
non-German partners is increasing, and already amounts to about 30% of our work, with
only 70% focused solely on Germany. The cooperation with an Israeli institution is always
something special and therefore I very much enjoyed and appreciated this cooperation from
the very beginning.

The baseline of our work comes from economics, from innovation research, therefore I
would like to start with a very short evolutionary perspective on innovation, how it comes
about in theoretical models, then I would like to speak about bench-marking, and as
Shlomo informed me that this does not translate well into Hebrew, I can also assure you
that it does not translate into the German, so it is "bench-marking", in German, Hebrew
and in English. My third topic will be an introduction to the so-called "technometrics"
approach, and fourth, a case study on photovoltaics which was done earlier in 1987, and
not in the framework of this cooperative research.  Fifth, I will give you an historic
evaluation of the utility of technometrics as a tool for policy and evaluation, and then I

conclude with our general recommendations for innovation strategy.

What we do, principally, is to try to understand the often invisible mechanisms for creation
or acquisition of technological knowledge to bring about innovations. While this is very
much a central concern to economists, it is not a central concern to administrators and
managers, nor to many scientists and engineers -- they consider others as responsible for
innovation and the marketing of innovations. Therefore this is a non-typical research field
lying somewhere inbetween several disciplines. Now, we all know that core disciplines
develop faster than side-disciplines and this applies here, to our project as well. It is always
very difficult to say to which faculty or part of the sciences it belongs to.

In very general terms -- and here everybody agrees -- technological innovation is problem
solving. Tt is nothing special -- you have a problem and you have to solve it. Companies do

the innovation, Of course there are other institutions to support it, but without companies,
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without the intention to achieve revenues or sales or turnover, innovation will not be oceur,
simply for its own sake.

This is different from other fields of research, which are done for reasons of curiosity or
for medical care, or for defence, to have a safer world. Innovation is done for company
revenues. Without companies, it is impossible.

So companies pursue innovative activities -- but we know relatively little of what goes on
inside companies. Because of competition and rivalry between companies, researchers
often cannot learn very much of what is going on inside of companies. So we are dealing
with processes which are not as easy to study as processes in the public realm. The private
world is private and therefore the right to keep important information confidential is widely
accepted.

Statistics collected and published by governments are generally anonymous, in that they do
not permit attribution to individual firms. They are aggregated by branches of the industry
but not by single companies; whenever fewer than three companies fill one element of the
statistics, then the data are not published, so that one cannot attribute them to one company.
So we are dealing with a special research problem -- difficulties in data access.

Companies pursuing innovative activities are strongly selective. They do not try to do
everything, in all fields. Some innovations come from new companies. But mainly, they
come from the really effective companies with good productivity -- input to output relation -
- that accumulate knowledge, already have products and revenues and they try to improve

them, introduce new ones and so on. So innovation occurs in cumulative steps.

How does one define "innovation?" I will stick to the definition of the OECD, the 24-
member Organization for Economic Cooperation and Development, which says innovation
is a certain type of research and development activity which results in a product that is
introduced on the market. We have invention, we have discovery in research, this is very

important. But only if an invention is introduced on the market, we do speak of innovation.

What comes before that are innovative activities, but innovation essentially requires that a

product is introduced on markets for the first time. For some companies, their innovation
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is really imitation, because their product already existed, they put green instead of blue
color on it, and that is fine, but it is not innovation in our terms.

I know that business people say that innovation is what is new to us, to my company, I
don't care what is going on in American and Japan, when it is new for us it is innovadon.
We have to live with these different uses of the word, but the OECD says innovation is
R & D processes which lead to the first introduction of new products, services, and

processes, in international markets,

What we have to study is not just the appearance of innovation on the market, but how the
production of new products occurs. The question that is most interesting to researchers is,
how do innovations come about? How do companies manage to get the relevant
knowledge, and is it from internal or external sources, or maybe from university sources,
in order to bring about an innovation. The problem is well known. But analytic instruments

to study it are not so widespread.

I would like to read a sentence from a publication of 1962. There an American economist
wrote: "The production of knowledge is an economic activity.” In 1962 people said, that
is not right. The production of knowledge is indeed an economic activity, an industry if you
like, but economists have largely neglected to analyze the production of knowledge. In
mainstream economics, capital and labor are most important and what you cannot explain
with labor and capital, you may explain, as a residual, as the influence of technology. As a

result, economists never put the question of technology at the center of their interest.

After that introduction, I begin my presentation by describing what we wanted to
accomplish in this project --to illuminate this process of knowledge generation and its
conversion into innovative products. And above all we wanted to measure this process.
That is our starting point. We are modeling, in a very simple and quantitative way, the

innovative process.

There is theory and model development, mostly in universities. This is very important, but
not every theory and not every model leads to an innovative product. Some of them are of
such a nature that they can be realized in technological artifacts and prototypes. Some
cannot. This is neither good nor bad, just a matter of fact.



Some of the technically realized effects are suitable for industrial development but not
everything which is possible is suitable for industrial development. For instance, it may be
too expensive, too dangerous, and so on. Among those items susceptible of industrial
development, some are realized on the market -- this is innovation in the strict sense, and
other companies then try to imitate, it which is a very difficult task. But a follower should
not be regarded as an innovator.

Utilization is a very important part of innovation. some problems are created by utilization.
To cite one example -- waste disposal. Sometimes only when you think of how to getrid
of products, do you ask new questions for research, such as recycling, how can you
recycle cans and so on. Utilization as a source for innovative activities is very important and
is of growing importance.

What is written in scientific papers is mostly oriented towards more basic work. A
company planning to introduce a new product will not disclose it in a scientific paper. There
are of course patent applications, sometimes basic ones, but often more applied knowledge
is protected as intellectual property through secrecy. Certainly imitation is impossible to
protect by patents because when something is already known, any further patent application
will be rejected by the patent offices. At the end of the process, there is diffusion of
knowledge.

In studying innovation, we found that a key, vital piece of information is missing, between
data on scientific papers, citations and patents, and economic statistics from statistical
offices on exports and output -- information which throws some light on the direct outcome
of innovation. Therefore we started in the mid-'80s to develop the technometrics method in
- order to get some information directly on the outcome of the innovation process before it
wends its way through the economic system and finds expression in the marketplace.

The data on inputs in innovation are far better known than data on outputs-- statistics on
persons, on money, on technical consultants, on expenses for know-how fees, royalties
and so on, on investment. All these are input figures. They are good but not good enough,
because in statistics they are anonymous, you cannot attribute them to a specific company,

so therefore these input data are important but do not tell you what is the resuft of
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innovation but only what resources were invested in it.

This is not intended to mean that innovation works like a pipe-line, outputs flowing from
inputs. That is not the intention. The intention is to say, if we want to create understanding
about what is going on, we need certain tools for observation, for monitoring, and the tools
should throw light on selective parts of the whole process. Technometrics is such a tool.

The Case of Photovoltaic Cells:

Let us take the case of photovoltaic cells -- cells that convert solar energy into electricity --

in order to explain technometrics.

First of all, we have to outline what types of innovations occurred in the last 10 years. Here
I'must say that there are many technological solutions and only a few of them are realized.
These are called dominant configurations, or some say, trajectories. In photovoltaics there
is a lot of laboratory work going on, and many ideas and discoveries and inventions. But
in the market-place only three principal types of products have appeared as of now. They
are, first, cells based on mono-crystalline silicon, very durable but quite expensive to
produce. It is a wasteful product. You have to cut a lot of silicone and this is wasteful and

expensive.

The second of the three principal solutions to the problem is poly-crystalline modules,
with high durability, somewhat cheaper, somewhat less wasteful. Then, third, there are
the amorphous silicone modules. There are a lot of other materials -- thin films for instance
-- but they are not successful in mass applications, they are less durable, and the material
degrades after some years of use. These are the three principle technological solutions to
the problem of how to generate electricity from solar energy.
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 The case of photovoltaics

(solar cells)

Distorted markets while governments intervene by subsidies.
Societal interest since oil price adjustments 1973,
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T} ining technological trajectories:
Mono-crystalline modules (space).
Poly-crystal modules (high durability).

Amorphous modules (thin films; mass applications).
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Eight important features (measuring units):
Peak power (W)

Power variety (W)

Voltage (standard conditions; V)
Voltage stability (Uoc Isc/P)
Area-seecific power (cm cm/W)
Weigh't-specific power (kg/W)

Life time (warranty time; a)
Production technology (DM/W)
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Table I World's Photovoltaic module production by dominant design
configuration (in percent)

Monocrystal Polycrystal Amorphous Others
1983 50.2 14.3 14.3 212
1988 37.2 22.4 39.5 0.9
1989 42.5 25.5 31.1 0.9
1990 35.3 32.9 31.6 0.2
1991 35.6 37.8 24.9 1.7
1992 37.1 349 25.6 24
Breakdown
1990: 100 100 100 100
USA 43.9 35.3 14.3 100
Europe 18.9 38.6 8.2 0
Japan 15.2 22.9 73.5 0
Other 22.0 3.2 4.0 0
than triad

There are many more feasible solutions to the problem, but on the market we have just these
three basic ones. Table 1 shows world production of photovoltaic cells, according to the three
principle types. First came the monocrystalline silicone. That was the early market. The
polycrystalline modules came later. The amorphous materials for mass application of
consumer products, pocket calculators and in watches and so on, came even later, had a very
strong increase, but now the problem is diminishing consumer markets, there are fewer
products sold, so this type of phovoltaic cell its going down in terms of its share. And what
is very interesting, the companies in the principal countries have different strengths. All
companies in the world can draw from on the same science and technology , but although
they can, there is obviously something like a national system or tendency --in the United
States, the most important share of photovoltaic cells is the mono-crystalline type now,
Europeans are in the poly-crystalline field and the Japanese did most of the production in the

amorphous technology.
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This is somewhat astonishing -- the distribution of principal sclutions of companies in
different parts of the world is very different. So the selection processes of the companies,
what to market, apparently function very differently. Among many technologically feasible
solutions, only a very few come to the market.

These data refer to production, not to exports. For exports there are no precise export figures
because of original equipment manufacturing. Some of the photovoltaic cells produced are
then exported as part of other equipment, so there are no good data. But in principal we have
no indication that the export shares depart from the production figures. The Japanese export
their photovoltaic products as part of their pocket calculators and watches and the customs
officials say: that is a watch, that is not a solar cell, and then you have lost the track of it .
By the way, this is measured in mega-watts, not in dollars or yen because it is hard to know
how to convert yen into dollars at an appropriate rate of exchange . So the unit for the
percentage is megawatts of electricity to be produced.

Technometrics involves collecting detailed data on the principal specifications of those three
types of solar cells. By consulting export experts in various countries, we were told that the
most important specifications are: Peak Power, Power variety, Voltage, Voltage stability,
Area-specific power, Weight-specific power, Lifetime, and Production technology. All can
be measured quantitatively, in physical units,

There are more specifications than that but those are the relatively few specifications which
matter for the customer. That is power, small for a watch, large for a central electricity
producing station; the variety, how can you tune it or not; voltage conditions, you have
different conditions for a watch than for a satellite; stability and so on. Then there are

questions of weight and size when you want to mount the equipment.

So these are the most important specifications of these types of cells and the problem remains
to collect data on the photovoltaic products. This is a time consuming task but not so difficult.
The next problem is, how to compare the data. In economics we are used to quantities like
dollars or labor hours but here we have watts, voltage, something like voltage under normal

conditions, power, cm?, kg and so on and you can not compare them one to another. Fraction
mathematics does not allow us to calculate any index from properties which are measured in

different units.
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Here the technometrics model comes in, this is not a metrics in a mathematical sense, but it is
an n-tuple for the mathematicians. So one has to have a recipe in order to transform the
original technical data into a metrics, in terms of mathematics, that we can calculate and
compare. These are the details of the special technometrics used here which converts original
data and physical units into zero-one intervals of data. In effect, without formula, the
following happens. We have here, physical or technological specifications for many
products, a distribution and a mean value. Some are above the mean, some are below. We
cannot compare them as the units are difference. The technometrics converts them into a type

of index, without units, normalized on a scale of zero to one.
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TECHNOMETRIC MEASUREMENT CONCEPT

(Or: tacit judgements by indicator measurement)

Evolutionary principle: Derive norms for goodness from existing variety.
Avoid introduction of externally given norms (as for self-regulated systems).
Little variety (i.e., small variance in technical specifications) means
stronger distinction in metric values.
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Question: As I understand it, you must have a variety of products in order to compare them.
Dr. Grupp: Yes.
Question: So these are all actually imitations ?

Dr. Grupp: If there is only one product developed, we cannot use the technometric index.
We need several products that can be compared.

Question: So a product has to be in the market for several years.

Dr. Grupp: In principal yes, but think of substitution. There already exists, for several
years, an older product, and it performs all the customer wants to a sufficient degree. Then
an innovation occurs. You can compare one innovation in all its aspects to the older,
substituted technology. Therefore you can always measure one innovation in comparison to
an earlier product used before for the same purpose.

The question, for any given technology, is whether the experts for this technology can define
you a set of basic specifications which are sufficiently detailed to really define the new
technology.

Question: If there is no existing product how can we check if the new product fits the new

demand, when it is simply not in the same frame of reference?

Dr. Grupp: Yes. That is a basic consideration. Can we define such a set of specifications in
order to compare the new product vs. the old one or is it impossible. If it is impossible, then I
must say yes, the method fails.

This was an explanation with artificial data. Now let us take a a real case. We compared for
the year 1987 photovoltaic solar cells based on mono-crystalline technology for three leading
companies. Hoxan Company from Japan, Arco Solar from the United States and Siemens
from Germany and what you see here in Figure 4 is this technometric index.
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So the value "1" is world leve] specifications, and "0" is the lowest marketed specification --
this might have good reasons, it might be cheaper and so on. It is not bad, but just lowerin
sophistication and probably in price.

What we can learn from this technometric profile? First of all, the Siemens product is strong
and is leading only in some specifications -- that is power, voltage, voltage stability and the
variance, can you tune it. Here it is most sophisticated. The rival products are less
sophisticated here, in these specifications, but on the other side, in electricity rate, life-time
and so on, this Siemens product is less sophisticated and the others are leading. These are the
facts. Now we have to explain them.

The explanation goes in the following direction. Siemens aimed its products at central grid
electricity production because it was done by an affiliate of the company active in nuclear
power and they wanted to offer, aside from nuclear products, also renewable products, so
they aimed at central grid applications -- so here you have to have voltage stability and so on,

while other specifications were not so important.

The other companies aimed at mobile stations for isolated houses and so on, where the
stability and voltage factors are not so important, but failure, rate of output and life-time, if
the site is remote, matter a lot. So because they aimed at different applications, their products

were designed from the same technology with different emphasis.

The interesting question then shifts to markets -- which are the more interesting and significant
markets, which are the growing markets? If the mobile electricity generator markets are more

important than the other ones, how can a company with Siemens' specifications compete
there?

The market information is available to everybody. But what we would like to fill in is
information on the quality of the product and on this there is little objective, quantitative
information. Our method addresses exactly this point. Later, I will come back and explain
how this race between different types of photovoltaic cells was ultimately decided.

Question: These properties or specifications -- are they the result of innovation or not? 1
mean, you have a basic innovation of the multi-cell. Now these properties that you are
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talking about, can you define them in terms of some innovation within the area? Because then
your distribution would make sense.

Dr., Grupp: Yes I can. First of all, you have the information that the products which were on
the market in 1987 were introduced less than two years earlier, later than 1985, not at the
beginning of the 1980s. Not all of those products are introduced in 1987, but all were
introduced between 1985 and 1987.

We now come to the next piece of information which is information about inventions, via
patents of those three companies. Patents are theoretical intellectual property, so when we
look at the U.S. market, compared with the European market, you get different figures. That
is normal -- that is, scientific publication is always world wide, you publish once, and it is
forever.

Patents have to be duplicated because the legal validity is just for one market. So US and
European rankings are different. But what is interesting, the companies listed here, that is the
top five in each case, are different from the innovators. Now I take out my red pen and cross
out some. First of all the leading US corporation, RCA -- a lot of inventions, a lot of work
done, but the result does not appear on the market. Why? RCA as a company did not go for
marketing its products, but its photovoltaic activities were taken over by Solarex; so
acquired, the technology was marketed by this company.

Next, energy conversion devices. This company was strongly engaged in amorphous
technology but the firm performed contract research for others, not for its own marketing:
contract résearch for IBM, Arco Solar, which is not in here, but it was on the market, and
even the Japanese Sharp Company, so own products were never marketed, the company did

contract research for others.
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Next is Exxon. Exxon intended to supplement its oil business by a solar business but then
gave up and sold its technology inventory in its laboratories to Solarex, here, so Exxon is
also gone. The US Government did not go for commercial products but was active in
researching and developing the technologies. And I can go through the list for the Japanese
and German companies. This is a chemical company for basic materials, not for solar
products, they have a lot of technology but don't manufacture solar cells; this an affiliated
company of Hertz, the same -- silicone substrate but no final products. Finally, AEG was
taken over by NVB.

So the inventors of the technology and the company holding the trademark of the product are
different. There always has to be a conversion of this type, a transfer from the one who holds
the technology and generated the technology, to the one who markets it, this is innovation,
not imitation, and by which means technology becomes effective in the markets.

Therefore, the information on products through technometrics and the information on
inventions and scientific activities, which universities are active, are all important
information, but they are not the same, they are complementary. Each piece of information
contains a different part of the picture.

Now I come to the conclusion -- What happened to all of those companies? I will first show
you a correlation which failed.

Here on the ordinate turnover the world wide turnover, 1985-1988, by those same three
companies and here on the abscissa are their patents. The patents are in all of the trial
countries. You see that this is the "Milky Way". There is nothing like a clear correlation,
because some companies have patents but no products and others have products but patents

‘from another side. So you get nothing like a simple correlation.

We expect however, that the technometrics data do give a real correlation, because there you
have good products, good specifications, you should have pay-off from the markets. And
indeed this was true for most of the companies. Here again is the turnover in '85, plotted
against the technometric indicator value. The higher the index, the more sophisticated the
product. For most of the companies there is a correlation between more sophisticated
products and larger market shares. But then there are some cases which fall apart. This
applies to AEG, Siemens, and Kyocera.
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Siemens was a company with excellent technology for central grid application, but
unfortunately this market did not expand. Nobody wanted to have it. There were so many
nuclear and coal plants in Germany and nobody wanted solar plants; lack of space was also
played a part.

AEG-Telefunken company, now part of an aerospace company, was dedicating its product
towards space application. That is the original space-solar company, even for the US satellites
in their early phases, and it was successful there. But as compared to the terrestrial
applications of photovoltaics this was just a dead end market. The number of satellites did not
increase to the same amount as the number of pocket calculators. So that is good technology
but the market did not increase to such a size.

Kyocera, a Japanese company, has excellent technology but not like other Japanese
companies, not for the consumer markets, but for street lamps, which is also good
technology, but also this part of the market did not expand to such an extent as the consumer
market. So most of the Japanese were in the amorphous silicone technology, but in
consumer products, while this company was different. They went for mono-crystalline
products, for street lamps and so on, and safety calls and highways and so on, and this is a

good business, but it is not as powerful, in terms of the past 5-6 years, as the others.
Question: Were your weights for the technometric indicators equal?

Dr. Grupp: Yes the weighting can be constant or specifications can be wighted differently
according to priorities. We used equal weights.

Question: Equal weights, even for different products?

Dr. Grupp: Yes. Because I want to show that precisely this point matters. If you go for one
market then another part of technology is more important than for another market. But for
most of the companies it does not matter. For most of them which are not so specifically
tuned to a market need, it is right that more sophisticated technology correlates positively with
a larger share of the market, however you weight the specifications.
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Question: How will this analysis change if you put in non-technological specifications, such
as price, or kind of supply, availability, things like that. That might be a big influence.

Dr. Grupp: Lets say for those three companies, I speak now based on statistics, the variance
is explained only by the technometrics specifications to such a large extent that there is little
room for other explanations. You put in a dummy variable for the rest of non-technological
factors and it is very small. Most of the problems companies had are explained by the
technological factors.

Photovoltaics is perhaps a special market because of the government programs and the
government interference in those markets; delivery times are not so important as in a very
competitive market. But in this case I think technological factors and market size here are
sufficient for the explanation, then there might be some third order effects also. You will hear
of other examples today where the result is different.

So I would like to conclude from this analysis of an historic case: I tend to show that
traditional information on markets combined with relatively new information on the
sophistication level of products -- technometrics -- can provide some new pieces of

information to explain phenomena which are difficult to explain otherwise.

Some people we talked with stated their opinions in a very general way. But when they are
forced to provide data, quantitative information, things become clearer for both sides -- the
expert talking about things and the researcher trying to understand things. Of course I will not
deny that one can do a very intelligent study on what is going on in an industry, market or
product, without any data. But it is much more difficult.

How can you assure that you mean the same thing, when you speak the same words.
Whether the meaning of what you are saying is the same. So the compulsion to quantify
makes information which may be acquired otherwise, more reliable, or at least it can be
checked by others. When you speak to a company in terms of technometric or patent data,
you can understand that company much better than if you use only words and elicit only

opinions.
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I do not want to say this is the solution to every problem, but this type of approach, based on
data, looking for qualitative explanations, of course, makes understanding of innovation a
bit easier or a bit more reliable. Some of this work is done for government, some is done for
companies. For companies the advantage is that they can take action more precisely --
knowing precisely where a competitor is better in technology is good.

For a company it is important to have general information, of course, but "harder”
quantitative information is easier to transfer into action, into operational measures. I do not
want to say this is a method which beats everything else - that is not true. But we think that
the quality of assessment in terms of more objectivity is more improved if you try to
supplement your qualitative findings -- which are always important --by quantitative type
of data. ‘

This was just the introduction to our method, and the data were not part of our cooperative
study. I wanted to start with an historic case that was easy to understand, and that served to
explain the technometric methodology that was used in our joint research on Israeli products.



