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Abstract

Aim of this paper is to build a method of performance evaluation for research organization,
using a systemic approach that considers the interrelations among activities (administrative,
scientific, technologic). The method is based on the research laboratories evaluation (relev)
function which is a linear combination of seven indices, two financials, two tacit technological
transfer, two bibliometrics and one technological. The relev function summarises quantitative,
qualitative and cost aspects, it is simple and emphasizes evaluation of R&D outcomes rather
than behaviour. The validity of the relev methodology was tested on the National Research
Council Institutes operating in North West Italy.
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Performance

gives the idea  of the value of the organization

over an interval of time in carrying out activities.
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1.  Introduction

The public and private research bodies are organisations which carry out scientific

research (research projects, know-how, etc.), offer services (consultancies, calibration,

homologation, certification, etc.) and administrative operations. Nowadays they are

increasingly important players within the economic process of the industrialised

countries since they support the firms in facing the technological challenges presented

by ever more turbulent world scenarios. The need to increase the efficiency and efficacy

of these organisations places the elaboration of methodologies for measuring

productivity in R & D very much to the forefront (Bozeman and Melkers, 1993;

Georghiou, 1998; Sirilli, 1985).

Existing literature on the evaluation of the research laboratories is based above all

on the bibliometric and technometric analysis. The bibliometric and technometric

indicators do not consider the financial resources available though have an important

role to play in the activities of scientific production, since the personnel employed in the

research activities depends directly on them. Moreover an evaluation must consider the

tacit activity which can be compared to the submerged part of an iceberg, it is not

visible, but it is very substantial (Polyani, 1966). In this work it is assumed that the

research bodies or laboratories are a system which works within a macro system

represented by a large organisation, for example the laboratories of public research

organizations are an R & D cell which is part of a larger system that hands down the

directives on the basic research with a medium-long term time frame.

A system is a set made up of elements (material and non-material) interacting and

co-ordinated in order to reach a common goal (Forrester, 1997). The research bodies are

particular systems, set up and run by man, which develop a process of scientific

production mainly using resources assigned by the State or firm. The research

laboratories, like the manufacturing companies, can be considered open systems, since

they have interchanges (of energy, materials, information, etc.) with the environment

(outside the system), and feedback, since they are influenced by their past behaviour.

Within all these units it is possible to realise processes (spatial-temporal sequences of

events), each of which is connected with the progress and the history of precedents and

it is therefore possible, within a given interval of time, to distinguish an initial and a
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final state of the process. To consider the research bodies systems is to state that their

elements are connected to each other in carrying out the process of scientific production

which generates as an output, the raw research material which is essential for increasing

the wealth of the nations. Stafford Beer (1973) shows how the n elements of a system

present n(n-1) relations evidenced by the links which unite the parts. If we consider the

research bodies a system which produces goods and services with its input, production

processes (of scientific activity) and output, this can be expressed mathematically with

the following form:

Sors =  f (P, B, O, …)

where

Sors = System of the scientific research bodies

P = research personnel

B = assets

O = organisation

The system of the research bodies is not identified by the sum of the three

components, but is the result of their combination according to certain rules, which form

the operational rules of the system. The system activity is expressed in a unitary process

in which it is possible to identify the processes linked to the various complementary and

interacting processes.

The first component P (research personnel) is the most important in the research

units. In order to emphasise the importance of the human factor the German academic,

Nicklisch (1932) stated "Der Betrieb ist der Mensch" (the company is the man). The

dynamic nature of the system is above all due to this fundamental component which

differs in the individual units or groups of units, according to the functions which the

persons carry out within the system. Moreover, the research personnel are of great

importance because they are at the base of the cognitive dynamics (the means of

creation and diffusion of knowledge) of the research bodies towards the outside

environment. The knowledge is born at an individual level and then amplified and

multiplied within the organisational system (Nonaka, 1994). The research bodies, unlike

the companies, not only create knowledge, they also transfer it at a macro level towards

the world outside, where it becomes diffused knowledge for the development of the
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economic system.

Moving on the component B (assets) we can briefly say that it represents all the

available resources apart from human resources. This includes equipment, laboratories,

libraries, credit and so on. The means are acquired by the research bodies by financial

grants, assigned by the State or by the management (private laboratories), which are

spent in investment, operation and missions. Finally the component O (organisation)

affects both the personal (P), and the material and non material resources (B); it

represents the process by which the economic forces acting on the system are defined

and co-ordinated in relation to the operations to be carried out in order to reach the

objectives.

Analysing the system of the research bodies we find:

1. the input are the resources of the system which generate the cognitive process. In

a research laboratory the input includes the human factor, the information, the

ideas, the equipment, the libraries, the structures and the sources of financing. If

the laboratory is in a company the research work is carried out on the basis of

specific requests from the marketing, production, planning divisions, etc. If it is

public the work carried out will follow certain independent basic research projects

and will also involve commissions received from other external bodies (public

administration or private bodies). Commissioned work is of considerable

importance to the research bodies since it generates substantial self-financing.

2. The production process of a research body transforms the input into output

through the realisation of research projects, training courses, service activities, etc.

3. The output of the research laboratories includes the publication of books,

manuals, documents, reports, and projects, the issue of formulas, software

programs, innovations (products, processes and organisational) and patents. These

outputs come within the explicit transfer of knowledge but some studies have

shown that the research bodies, in particular public ones, carry out consistent tacit

activities through the diffusion of knowledge during internal training and teaching

of courses outside the institute. Apart from these explicit and tacit activities the

research bodies, thanks to the competence accumulated in specific areas and the

availability of advanced equipment, also offer a series of innovative services such

as consultancy, homologation, accreditation, calibration, certification, etc.
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(Coccia, 1999a; 1999b; 1999d).

4. The system which absorbs the output must be differentiated according to whether

it is a private or a public research body. In the first case they are principally the

divisions (production, marketing, etc.) or the companies which form part of the

group. In the case of public research bodies, the recipient of the transfer is more

widespread and includes users which vary according to whether the output is

explicit or tacit. In the case of explicit transfer the users are manufacturing

industries, public administration bodies, international bodies and professionals

involved in meeting needs, improving competitivity or in research which will

have positive effects for society as they increase the level of wealth. In the case of

tacit transfer the principal beneficiaries are the universities mainly interested in

increasing the cultural level necessary to create human capital to sustain the future

development of the country.

5. The results of the research bodies are the variables which have value for the

receiving systems. If the research body is private this may be a reduction in costs,

the income, new products, market shares, etc. If the research body is public it may

be an increase in the cultural level, the solution to social problems (economic

growth, reduction of unemployment, …), increased competitivity in the national

industrial system, etc.

Figure 1. The production system of the research bodies

Source: Ceris-Cnr (1999).
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The measurement and evaluation of the public and private research bodies is

based on their output, considering three dimensions: cost, quantity and quality.

Considering these three variables shows the real added value which a research body

pours into the receiving systems. The ideal evaluation system according to Brown and

Svenson (1998) should:

- have external, not internal measures

- focus on outcomes, not on behaviour

- measure output by three dimensions: cost, quantity and quality

- be simple  (6 - 7 indices)

- be mainly objective and not subjective

The present work has created the relev method (research laboratories evaluation)

based on the fact that the activity of each unit (research laboratory) is measured by k-

indices (X1,  X2,  X3,… Xk) which fit mathematically into a multidimensional space,

thanks to the vector of the values (x1,  x2, x3,… xk). Utilising a linear combination

function we have a new variable ΩΩ  which represents the score of the performance of the

bodies evaluated.

The linear combination function takes the form of:

ΩΩ  = δδ 1X1 + δδ 2X2 + δδ 3X3 + …+δδ kXk

where:

Ω = the value of each unit (Laboratory)

δ i = scalar values

Xi = indices (i = 1,2, …, k)

In this work, after the introduction, the indices used in the systemic evaluation of

performance will be described (section 2). Sections three contains a theoretical

description of the methodology elaborated for the global evaluation of the activities of

the R&D laboratories. Section 4 empirically applies the study to a concrete case

represented by the nine CNR Institutes operating in Piedmont (Italy) and belonging to
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different research areas (economic, environmental, technological, etc.). The research

closes with a series of conclusions and considerations on possible future evolution of

the research (section 5).

2. Indices for measurement of the research activities

The scientific performance of the research bodies is measured by a series of seven

indices which are grouped in four categories that consider all the aspects of the life of

the R&D bodies, from the financial to the technological and the scientific.

• The financial indices measure two aspects: the dependence of the research bodies

on the external commissions and their capacity for self-financing, the latter is also

an indicator of the strength of explicit technological transfer.

• The indices of tacit transfer measure the capacity of the bodies to transfer

knowledge in an informal manner.

• The bibliometric indices measure the capacity of the bodies to produce scientific

articles, at both national and international level, on basic and applied research

topics.

• The technometric index shows the capacity of the bodies to produce product and

process with patent activities.

We will now examine the various indices in detail (from now on the terms

"laboratory" and "research body" are used with the same meaning).

2.1. Financial indices

Α= Index of funding attributed to the research bodies

Each research body receives funding by means of transfers from the central body.

In order to evaluate the dependence of the research bodies on the funds, the amounts are

divided, in each laboratory, by the research personnel in the year in question. The index

of financial dependence, in monetary value has the following formula.
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100×=α
i

i

P
D

i  

where: 

αi  = Index of financial dependence of the body i-th 

Di  = ∑ij (sum) in the body i-th of the j funds from the central body. 

P i  = ∑i number of research personnel in the body i-th 

i ∈ 1,2, …, n 

j=1,2,…, m 

 

This index shows the volume of financial resources supplied to the laboratory by 

the central body for carrying out scientific research. 

Β = Index of self-financing (measure of explicit technological transfer) 

The laboratories’ effective capacity for self-financing is evaluated by means of the 

revenue generated by the activities of technological transfer divided by the research 

personnel in the year in question. The index of self-financing has the following formula: 

 

100×=
i

i
P
E

iβ  

where: 

β i  = Index of self-financing of the laboratory i-th 

Ei  = ∑ij (sum) in the body i-th of the j income deriving from the transfer of 

technological activities towards external subjects.  

P i  = ∑i number of research personnel in the laboratory i-th 

i ∈ 1,2, …, n 

j=1,2,…, m 

 

The present index measures the body’s capacity to locate external resources (self-

financing) but is also an indicator of the capacity for explicit technological transfer. 
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2.2. Indices of tacit technological transfer

The tacit technological transfer represents those activities which the organisations

often underestimate because they are invisible and difficult to measure, but which have

the same importance as formal technological transfer. The activity has been identified

thanks to the following indicators (Coccia, 1999c):

− number of personnel in training operating within the bodies;

− number of teaching posts held by the researchers.

X = Index of personnel in training

The index of personnel in training χi, is constructed as follows:

100×=χ
i

i

P

T
i

where:

χ i = Index of tacit transfer which measures the level of training at the laboratory i-th

Ti = ∑i number of personnel in training at the laboratory i-th

Pi = ∑i number of personnel involved in research

i ∈ 1,2, …, n

The present index measures the number of trainee at the laboratory which also

indicates the capacity for tacit transfer of knowledge to the beneficiaries (scholarship

holders, PhDoctors, bachelor degree students, loan personnel, etc.).

∆= Index of teaching activity

Another indicator of tacit activity is the measurement of teaching by researchers

in outside institutions. Here the effective capacity of tacit technological transfer has

been evaluated using the index (δ i) constructed by dividing the number of courses held

by the research personnel.

The formula of the index is:
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100×=δ
i

i

P

C
i

where:

δ  i = Index of tacit transfer measured using the teaching courses of the laboratory

Ci = ∑i number of courses held by laboratory researchers in outside institutes

P i = ∑i number of research personnel

i ∈ 1,2, …, n

The present index measures the entity of the courses held by the bodies. Like the

previous index it is an indicator of the capacity for informal transfer of knowledge

through researcher’s teaching activities at outside institutes (Universities, post-graduate

schools, etc.).

2.3. Bibliometric indices

Ε = Index of national publications

The present index is calculated by adding the number of articles published in

national journals, books published by Italian publishers, publication of the acts of

national congresses and internal reports published by the body. The total number is

divided by the total of the research personnel.

100×=ε
i

i

P

PN
i

where:

ε i = Index of the body’s national publications

PNi = ∑ij (sum) in the laboratory i-th of the national publications
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P i = ∑i number of research personnel of the body i-th

i ∈ 1,2, …, n

j=1,2,…, m

Φ= Index of the international publications

The present index is calculated by adding the number of articles published in

international journals, books published by foreign publishers and publication of the acts

of international. The total number is divided by the total of the research personnel.

100×=φ
i

i

P

PIT
i

where:

φi = Index of the international publications by the laboratory i-th

PNi = ∑ij (sum) in the laboratory i-th of the j international publications

P3 i = ∑i number of research personnel in the laboratory

i ∈ 1,2, …, n

j=1,2,…, m

2.4. Technological index

Γ= technometric index

The index is the sum of the number of patents for inventions of discoveries

(homologated and extended to different countries) by laboratory personnel.

γi = BRi

where:
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γi = Technometric index of the laboratory i-th

BRi = ∑ij (sum) in the laboratory i-th of j patents

i ∈ 1,2, …, n

j=1,2,…, m

3. The relev method

The relev methodology evaluates the performance of the research bodies (central

topic of the inquiry is the research bodies) on the basis of measurement of k-key indices

representing the principal activities carried out. The seven indices previously described

are to be considered elements of a whole ℑ associated with a giant research body. The

basic model is kept fairly simple in order to contain the subjectivity within certain

limits. Before moving on to an explanation of the methodology we will explain some

definitions and the theoretical basis of the model.

Definitions

Evaluation is the determination of the value, as objective as possible, to be

assigned to an organisation with the aim of stating a judgement or creating a

classification of efficiency and efficacy in pursuing the aims set.

Performance gives the idea of the value of the organisation over an interval of

time in carrying out activities.

Score is the sum of the points assigned and gives the value of the organisation in

carrying out its activities.

Knowledge scoring: score which expresses the research bodies capacity for

producing knowledge, generally obtained by following an analytical path based on the

final balances of the activities carried out.

Presuppositions

The following hypotheses are the theoretical basis for the model:

• The research body is a system of interacting and co-ordinated material and non-
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material elements for the production of knowledge (purpose), raw material for

increasing the social wealth of the nations.

• The weight of each index is the maximum value of the same in the vector and is

calculated on a battery of structures operating in the same research area.

• The maximum value of the index shows the best performance.

• The index of financial dependence on the central body has a non-positive effect on

the performance since these are  resources not generated within the structure.

• The capacity for self-financing, publications and patents, training personnel and

teaching outside the Institute has a positive effect on the performance of the

structure. The operators are marked by the plus sign (+).

• Since international publications generate greater diffusion of knowledge they are

given double weighting with respect to those published nationally.

The research laboratories evaluation (relev) methodology is constructed on the

basis of the following steps: the first is to calculate the seven indices for each research

body and construct seven tables by ranks, one for each index, with values in decreasing

order from the top to the bottom.

Both TA the table relative to Index Α = (α1, αi, …, αn ) where α are the values

obtained for each body per i =1, …, n  (e.g. nine).

Table TA

Laboratory i Absolute value αi

1 α1

… …

… …

N αn

Each classification contains n values for each laboratory. The present table is

constructed using six other indices Β = (β1, β2, …, βn ), Χ = (χ1, χ2, …, χn ), ∆ = (δ1, δ2,

…, δn ), Ε = (ε1, ε2, … , εn), Φ = (φ1, φ2, …, φn ), Γ = (γ1, γ2, …, γn ).

The values of these indices are used in the construction of the relev function, a

linear combination which summarises quantitative, qualitative and cost aspects (second

step).
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Model

We consider the seven indices, with the respective values of the n R&D bodies :

Α = (α1, α2,  …, αn )

Β = (β1, β2, …, βn )

Χ = (χ1, χ2, …, χn )

∆ =  (δ1, δ2, …, δn )

Ε = (ε1, ε2,  … , εn)

Φ = (φ1, φ2, …, φn )

Γ = (γ1, γ2, …, γn )

The model is developed according to the following simple function:

Relev function

Let i∈1, 2, …, n equal the number of research bodies, let A, B, X, ∆, Ε, Φ, Γ

equal the evaluation indices with the respective elements (αi, β i, χi, δ i, ε i, φi,γi ). The

research laboratories evaluation function Ωrelev is the following linear combination:









=γ≥γ+φ×
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If

X1 = (1 / max. Α) × αi

X2 = (1 / max. Β) × β i

….

X7 = (1 se γi > 1;  0 se γi  = 0)

then
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ΩΩ relev (i) = 3 – X1  + X2 + X3 + X4 + X5 + 2 X6 +X7

Property 1

If i∈1, 2, …, n e j ∈1, 2, …, 7, ∀ Xj ∈ Ωrelev (i) then Xj ∈ [0,1] ⊆ℜ,

Property 2

If i∈1, 2, …, n e j ∈1, 2, …, 7; ∀ Xj ∈ Ωrelev then Ωrelev (i) max. = 10

(Ωrelev (i) min = 2)

Property 3

If i∈1, 2, …, n e j ∈1, 2, …, 7; ∀ Xj then  Ωrelev (i) average = max − min / 2

A model (0,1) is applied to the vector Γ, that is the value 1 if the number of

patents is at least 1, the value 0 if there are no patents; the reason for this is to avoid

penalising research bodies operating in the social or mathematical sciences which do not

produce patents as do the other sciences (physics, chemistry,...).

Finally, on the basis of the values deriving from the evaluation function  Ωrelev =

(ω1, ω2, …  ωn) a table of classification is drawn up (Table 8), in decreasing order from

the top to the bottom, where each position represents the performance of the scientific

activities of the research bodies.

4. An empirical application of the relev method on the CNR Institutes present in

the Piedmont region

The validity of the relev methodology was tested on the CNR Research Institutes

operating in Piedmont, bodies recognised at an international level for their research

activities in two major areas: technology and its industrial uses, economy and

environment. The data has been taken from the final reports of the Institutions for the
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years 1995, 1996, 1997. Before analysing the results which emerged from the

methodology, for greater clarity, it is considered necessary to briefly describe the

activities of the Institution and of the individual institutes in Piedmont.

The Consiglio Nazionale delle Ricerche Italiano (CNR) is the largest Italian

public research institute with the institutional objective of promoting, co-ordinating and

organising research in order to encourage scientific and technological progress. The

institutional scientific activity is mainly carried out through the Institutes, research

bodies which are totally dependent on the CNR. Nine CNR Institutes operate in

Piedmont, a highly industrialised region in north western Italy, covering two major

areas of research: technology and its industrial uses and environment. The most

important research sectors carried out at the four Institutes belonging to the

technological area are:

• metrology and its application to advanced technology and properties of materials:

Istituto di Metrologia “G. Colonnetti” (IMGC);

• metal machinability: Istituto per la Lavorazione dei Metalli (ILM);

• technology in the working processes of the wool industry: Istituto di Ricerche e

Sperimentazione Laniera “O. Rivetti” (IRSL);

• the application of mechanisation and automation to agricultural processes: Istituto

per la Meccanizzazione Agricola (IMA).

The Institutes belonging to other areas (agriculture, environment, geology, physics

and economy) carry out the following research:

• diagnosis and control of viral plant disease: Istituto di Fitovirologia Applicata

(IFA);

• monitoring of environmental conditions in the lakes by the Istituto Italiano di

Idrobiologia “M. De Marchi” (I I I) and of the atmosphere by the Istituto di Cosmo-

Geofisica (ICGF);

• the study methods in the geological-morphological field finalised in the forecasting

and prevention of landslides and floods: Istituto per la Protezione Idrogeologica nel

Bacino Padano (IRPI);

• the study of applied economics and industrial organization: Istituto di Ricerca

sull’Impresa e lo Sviluppo (CERIS).
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The CNR Institutes have the following types of input:

− funding from the headquarters in Rome

− resources from contacts with outside subjects (self-financing)

− research and technical personnel

− equipment and instrumentation

− libraries and laboratories

The principal outputs, fruit of the scientific production process, are (Coccia,

1999a) shown in Figure 2:

• RESEARCH  PROJET
  • PROTOTIPING
  A)  STRICT SENSE  
  • TRAINING
  • INNOVATIVE KNOW-HOW
 TECHNOLOGICAL
TRANSFER

 ACTIVITIES

  

  • HOMOLOGATION
  • ANALYSIS AND TESTING
  B)  WIDEST SENSE • ACCREDITATION AND

CERTIFICATION
  • CALIBRATION

Figure 2. Technological transfer activities carried out by the Cnr Institutes
operating in Piedmont

Source: Ceris-Cnr (1999).

The relev method, as described, first calculates the tables of the indices. Since

seven indices are considered here (every index is related to the number of research

personnel at the Institute, in order to allow homogeneous comparison), there will be

seven tables (1-7) each showing the values (α, β , χ, δ, ε, φ, γ) of the various Institutes.

The first index, A, represents the funding supplied to each Institute by the

headquarters in Rome. The relative Table is:
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Table 1

Institutes Funding (*) Personnel (1) Index A

IRPI 1,001.8 59 17
IMGC 5,119 297 17.2
ILM 864.5 50 17.3
IMA 1,610.2 85 18.9
III 2,640.5 121 21.5
IFA 2,004 89 22.5
IRSL 1,035 37 28
CERIS 1,763.4 51 34.6
ICGF 3,210 93 34.9

(1) Research personnel at the institute, except for outside personnel and trainees

(*) Values × 1,000,000 in Italian lira;  1936,27 Italian lira = 1 Euro

 Source: Ceris-Cnr (1999).

The Index B shows the capacity for self-financing. The values for the various

Institutes are:

 Table 2

 Institutes  Self-financing(*)  Personnel (1)  Index B

 IRSL  1,198,289  37  32,386
 IMGC  5,586,599  297  18,810
 III  1,806,008  121  14,950
 IMA  1,212,354  85  14,263
 ILM  580,937  50  11,618
 IRPI  412,490  59  6,991
 CERIS  259,125  51  5,080
 ICGF  390,893  92  4,249
 IFA  337,355  89  3,790

(1) Research personnel at the institute, except for outside personnel and trainees

(*) Values × 1,000 in Italian lira;  1936,27 Italian lira = 1 Euro

Source: Ceris-Cnr (1999).

Following the financial indices, we move on to the indices which express the

Institutes’ capacity for tacit transfer of knowledge. The index X is an indicator which

expresses the personnel in training in each Institute:
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 Table 3

 Institutes  Trainee  Personnel (1)  Index X

 IRPI  34  35  97
 CERIS  38  42  90
 IRSL  15  22  68
 III  39  64  61
 IFA  22  38  58
 ICGF  60  106  56
 IMGC  63  113  56
 IMA  10  23  43
 ILM  6  14  43

(1) Research personnel employed at levels I, II, III, personnel on contract and
outside personnel

 Source: Ceris-Cnr (1999).
 
The index ∆ is another indicator of tacit transfer and indicates the number of

courses held by the researchers at outside institutes:

 Table 4

 Institutes  Courses held
by researchers

 Personnel (1)
 Index ∆∆

 IMGC  123  113  109
 CERIS  44  42  105
 III  55  64  86
 IFA  22  38  58
 IRPI  20  35  57
 ICGF  55  106  52
 IMA  7  23  30
 IRSL  1  22  4
 ILM  0  0  0

 (1) Research personnel employed at levels I, II, III, personnel on contract and
outside personnel

 Source: Ceris-Cnr (1999).

The index E is a bibliometric index which represents the number of publications

produced in the national sphere by the personnel of each Institute.
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 Table 5

 Institutes  Number of
national articles

 Personnel (1)  Index E

 CERIS  169  51  3.31
 IRPI  159  75  2.12
 ICGF  151  93  1.62
 IMA  105  90  1.16
 IRSL  33  37  0.89
 IMGC  258  297  0.86
 ILM  40  50  0.80
 III  97  123  0.78
 IFA  57  89  0.64

(1) Research personnel at the institute except for personnel belonging to other
organisations (e.g. universities)

Source: Ceris-Cnr (1999).

The index Φ, is a bibliometric index which represents the number of publications

produced by the research personnel of each institute in the international sphere.

Table 6

Institutes Number of
international articles

Personnel (1) Index ΦΦ

ICGF 209 93 2.24
III 125 123 1.01
IFA 57 89 0.64
ILM 37 50 0.74
IMGC 117 297 0.39
IRPI 29 75 0.38
CERIS 14 51 0.27
IMA 18 90 0.20
IRSL 3 37 0.08
(1) Research personnel at the Institute, except for personnel belonging to other

organisations (e.g. universities)

Source: Ceris-Cnr (1999).

The index Γ, is a technometric index, representing the capacity of the various

Institutes to realise innovation of products and processes measured by the number of

patents taken out during the three year period.
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Table 7

Institutes Number of
patents

IMGC 1
IMA 1
III 1
CERIS 0
IFA 0
IRSL 0
ICGF 0
ILM 0
IRPI 0

Source: Ceris-Cnr (1999).

The performance evaluation function for the Institutes (relev) is formed of eight

operators, at the start of the function the value 3 is used to obtain maximum values of

10, to avoid expressing the maximum with another value. The second operator is

negative since it represents financing of the Institutes by the headquarters. The

penultimate operator is multiplied by two because it represents international

publications and it was therefore considered desirable to give it greater qualitative

weight with respect to national publications. In this special case, I prefer to take the max

value of the index considering all research bodies and not structures operating in the

same research area because there are only four technological Institutes and five

Institutes belonging to other different areas (agriculture, environmental, geology,

physics and economics).

The operators from the second to the eighth have a range between 0 (minimum)

and 1 (maximum).

The relev function, empirically calculated is:
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The value obtained from the function for each Institute, knowledge scoring, is 

summarised in the following table 8: 

 
Table 8 

INSTITUTES FUNCTION KNOWLEDG
E SCORE 

III 3-0.61+0.46+0.62+0.78+0.23+0.9+1 6.38 
IMGC 3-0.49+0.58+0.57+1+0.25+0.34+1 6.25 
ICGF 3-1+0.13+0.57+0.47+0.48+2+0 5.65 
CERIS 3-0.99+0.15+0.92+0.96+1+0.24 5.28 
IRPI 3-0.48+0.21+1+0.52+0.64+0.32 5.21 
IMA 3-0.54+0.44+0.44+0.27+0.35+0.16+1 5.12 
IFA 3-0.64+0.11+0.59+0.53+0.19+0.86 4.64 
IRSL 3-0.8+1+0.70+0.03+0.27+0.08 4.28 
ILM 3-0.49+0.35+0.44+0+0.24+0.66 4.20 
Source: Ceris-Cnr (1999). 

 

Table 9 

 
Institutes 

Y 
Score 

X 
Average 

number of 
Employees (1)

IMGC 6.25 137 
III 6.4 62 
CERIS 5.3 31 
IRPI 5.2 31 
IMA 5.2 36 
ICGF 5.65 66 
IRSL 4.3 20 
IFA 4.6 42 
ILM 4.2 21 
(1) The average value is obtained by considering the total 

number of employees at the institute in the three year 
period (1995 - 1996 - 1997) including personnel in 
training 

Source: Ceris-Cnr (1999). 

 

The statistical-econometric study which follows aims to investigate the way in 

which the variable “human resources” influences the growth in performance. The Table 
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9 shows the knowledge score attained by the Institutes, in the second column, according 

to the relev function (Table 8) and the average number of employees in the three year 

period (1995 - 1997), in the third column. 

 

The first statistical analysis carried out is the correlation between the two 

variables X and Y with the coefficient of correlation r given by the following formula: 

 

 

 

 

 

The value of r is the result equal to 0.75 and shows a strong positive correlation 

between the two variables: as the variable X grows there is a linear growth of the 

variable Y. 

Considering the score as a dependent variable (Y) and the average number of 

employees as an independent variable (X), we proceed with an econometric analysis 

with the simple regression model. 

 

The equation of the model is the following 

 

Yi =α + βXi + εi       i = 1,…, n 

 

The plotter of the values obtained in the estimate of the relation between Y and X 

is shown in Figure 3: 
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Figure 3. Score as a function of the employees (period 1995 - 1997)

Source: Ceris-Cnr (1999).

The analysis of the regression gave the following results:

α= 4.436

β= 0.016

From both the graphic analysis and the angular coefficient β  we note the growing

trend in the relation between the two variables in question. The validity of the model of

linear regression is evaluated with the coefficient of determination R2 given the relation

between the variation explained and the total variation.

That is

It has the following range of value 0 ≤ R2 ≤1. The model has shown R2 = 0.56

which confirms that the variable X, average number of employees, explains 56% of the

total variation; the efficiency of the model could increase if other variables at present

unknown are considered. Moreover on observing Table 9 we note the following

behaviour of the Institutes:
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• with an average number of employees > 60, the Institutes tend to be positioned in

the upper part of the classification;

• with a number of employees ≤ 21, the Institutes tend to be in the lower part of the

classification;

• with an average value (av) between 22 < av ≤ 60, the Institutes tend to be positioned

at variable levels, oscillating between medium-high positions (CERIS, IRPI, IMA)

and average to low (ICGF, IRSL, IFA), which confirms the influence of factors

other than personnel on performance.

From the above statistical-econometric analysis we note that the component

personnel is very important inasmuch as it contributes to increasing the performance of

the CNR Institutes. The human resources and their organisation create an environment

which positively influences the spiral of creation of knowledge (cognitive processes);

moreover the network relations, between the members of the structure encourage the

circulation of the same within it generating the so-called phenomenon of cross-

fertilisation with considerable benefits for the outside environment. A complete study of

the importance of the human component in the cognitive processes and in the increase

in the efficiency of the research bodies would require the involvement of many

disciplines amongst which economics, psychology, law, sociology, etc. and would be

worth going into in the future.
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5. Conclusions

The aim of the work was to create an objective methodology for the evaluation of

performance in the R&D laboratories. Using a systemic approach, that is considering

the research laboratory a set of forces interacting to reach the aim of producing

knowledge, the relev method has been created considering the complexity of the

activities carried out in the research structures.

The methodology has evaluated the performance of the institutes considering the

financial (funding and self-financing), scientific (national and international articles) and

technological aspects (explicit and tacit). The method has a simple formulation and the

relev function, being a linear combination of seven indicators of evaluation, summarises

in a single value (the knowledge score) the performance of the research body examined

in consideration of quantitative, qualitative and cost aspects. In the method the cost

aspect is considered on the basis of funding received from central bodies, the

quantitative aspect, on the other hand, is considered on the basis of revenue deriving

from the activities directed the outside (monetary value) and the publications and

patents held the research body (numerical values); the qualitative aspect is based on the

attribution of a double weight of international publication with respect to national ones.

The methodology is applied to nine CNR Institutes operating in Piedmont and the

results obtained have been summarised in a decreasing classification, where the

Institutes with a higher level of performance are at the top and those with a lower level

of performance are at the bottom. The analysis of the Institutes is completed by the

statistical-econometric application to assess how far the score obtained from the relev

function in the various Institutes depends on the number of employees (independent

variable). The model of regression has estimated a straight line with β  = 0.016 and

highlighting an R2 greater than 0.56 which shows that the linear relation of growth is

explained for more than 56% by the number of employees. The index r (coefficient of

correlation) has shown a value of 0.75 evidencing the importance of the human

resources in the process of scientific research.

The construction of the relev methodology has deliberately emphasised the

simplicity of the model, based on seven key indicators, and the minimising of the

subjectivity obtained thanks to the increased weight of the quantitative and economic
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measures as against the qualitative. In support of this formulation it must be noted that

the increased weight given to the quantity and to the costs is born of the fact that the

aim was to measure the performance of the research bodies, considering them the main

topic of the inquiry, while the qualitative aspect is more important when evaluating the

individual researchers. A future development in the research could certainly be the

inclusion of two qualitative variables, with the analysis of the citations and the co-

citations of the Science Citation Index of the Institute for Scientific Information (ISI),

which would not complicate the model excessively and would maintain the area of

subjectivity within acceptable limits.

Evaluation

 is the determination of the value, as objective as possible, to be assigned to an

organization with the aim of starting a judgement or creating a classification

of efficacy and efficacy in pursuing the aims set.



Ceris-CNR, W.P. N° 12/1999

33

References

Beer, S. (1973) L’azienda come sistema cibernetico, ISEDI, Milano.

Bozeman, B., Melkers, J. (1993) Evaluating R&D Impacts: Methods and Practic,. Kluwer
academic Publichers.

Broadus, R.N. (1987) “Toward a Definition of Bibliometrics”, in Scientometrics, 12, 373-
377.

Brown, M.G., Svenson, R.A. (1998) “Measuring R&D Productivity”, in Research
Technolology Management, vol. 41, n. 6, p. 30-35.

Coccia, M., Rolfo, S. (1999a) The Technology Transfer in the Italian National Research
Council: The case of the Institutes in the Piedmont Region, 3rd International
Conference on Technology Policy & Innovation - Session New Tools and findings in
Knowledge Management, University of Texas at Austin (USA) 31 August – 2
September.

Coccia, M. (1999b) “Dati sul trasferimento tecnologico in Piemonte”, in Ricerca &
Innovazione, n.57, pp. 22-23, Torino.

Coccia, M. (1999c) "Trasferimento della conoscenza tacita: gli Istituti Cnr operanti in
Piemonte", in Working paper, n. 7, Ceris-Cnr, Torino.

Coccia, M. (1999d) "Trasferimento tecnologico ed autofinanziamento: il caso degli Istituti
Cnr in Piemonte", in Working paper, n. 2 Ceris-Cnr, Torino.

Forrester, Jay W. (1977) Industrial Dynamic, MIT Press, Cambridge, Massachusetts.

Georghiou, L. (1998) “Issue in the Evaluation of innovation and Technology Policy”, in
Evaluation, Vol. 4(1): 37-51.

Griliches, Z. (1990) “Patent Statistics as Economic Indicator. A Survey”, in Journal of
Economic Literature, 28, 1661-1707.

Luwel, M., Noyons, C.M. and Moed, F. (1999) “Bibliometric Assement of Research
Performance in Flanders: Policy Background and Implications”, in R&D Management,
29, 2, 133- 141.

Nicklisch, H. (1932) Die Betriebswirtschaft, Stoccarda.

Nonaka, I. (1994) “Come un’organizzazione crea conoscenza”, in Economia &
Management, n. 3, pp. 31-48.

Polanyi, M. (1966) The Tacit Dimension, Doubleday, Garden City, New York.

Rolfo, S., Boschi, D. and Ragazzi, E. (1997) Le Politiche per l’innovazione in Germania,
Regno Unito e Francia, 2° Rapporto Ceris/Cnel.

Sirilli, G. (1985) “Gli indicatori della scienza e della tecnologia”, in Onida F. (a cura di)
Innovazione, competitività e vincolo energetico, Il Mulino, Bologna.

Van Raan, A.F.J. (1993) “Advanced Bibliometric Methods to Asses Research
Performance and Scientific Development: Basic Principles and Recent Practical
Applications”, in Research Evaluation, 3, 151-166.



WORKING  PAPER  SERIES (1999-1993) 

1999 
1/99 La valutazione delle politiche locali per l’innovazione: il caso dei Centri Servizi in Italia, by Monica Cariola and 

Secondo Rolfo, January 
2/99 Trasferimento tecnologico ed autofinanziamento: il caso degli Istituti Cnr in Piemonte, by Mario Coccia, March 
3/99 Empirical studies of vertical integration: the transaction cost orthodoxy, by Davide Vannoni, March 
4/99 Developing innovation in small-medium suppliers: evidence from the Italian car industry, by Giuseppe 

Calabrese, April  
5/99 Privatization in Italy: an analysis of factors productivity and technical efficiency, by Giovanni Fraquelli and 

Fabrizio Erbetta, March 
6/99 New Technology Based-Firms in Italia: analisi di un campione di imprese triestine, by Anna Maria Gimigliano, 

April 
7/99 Trasferimento tacito della conoscenza: gli Istituti CNR dell’Area di Ricerca di Torino, by Mario Coccia, May 
8/99 Struttura ed evoluzione di un distretto industriale piemontese: la produzione di casalinghi nel Cusio, by 

Alessandra Ressico, June 
9/99 Analisi sistemica della performance nelle strutture di ricerca, by Mario Coccia, September 
10/99 The entry mode choice of EU leading companies (1987-1997), by Giampaolo Vitali, November 
11/99 Esperimenti di trasferimento tecnologico alle piccole e medie imprese nella Regione Piemonte, by Mario Coccia, 

November 
12/99 A mathematical model for performance evaluation in the R&D laboratories: theory and application in Italy, by 

Mario Coccia, November 
13/99 Trasferimento tecnologico: analisi dei fruitori, by Mario Coccia, December 
14/99 Beyond profitability: effects of acquisitions on technical efficiency and productivity in the Italian pasta industry, 

by Luigi Benfratello, December 
15/99 Determinanti ed effetti delle fusioni e acquisizioni: un’analisi sulla base delle notifiche alle autorità antitrust, by 

Luigi Benfratello, December 
 
 
 
1998 
1/98 Alcune riflessioni preliminari sul mercato degli strumenti multimediali, by Paolo Vaglio, January 
2/98 Before and after privatization: a comparison between competitive firms, by Giovanni Fraquelli and Paola Fabbri, 

January 
3/98 Not available 
4/98 Le importazioni come incentivo alla concorrenza: l'evidenza empirica internazionale e il caso del mercato unico 

europeo, by Anna Bottasso, May 
5/98 SEM and the changing structure of EU Manufacturing, 1987-1993, by Stephen Davies, Laura Rondi and 

Alessandro Sembenelli, November 
6/98 The diversified firm: non formal theories versus formal models, by Davide Vannoni, December 
7/98 Managerial discretion and investment decisions of state-owned firms: evidence from a panel of Italian 

companies, by Elisabetta Bertero and Laura Rondi, December 
8/98 La valutazione della R&S in Italia: rassegna delle esperienze del C.N.R. e proposta di un approccio alternativo, 

by Domiziano Boschi, December 
9/98 Multidimensional Performance in Telecommunications, Regulation and Competition: Analysing the European 

Major Players, by Giovanni Fraquelli and Davide Vannoni, December 
 
 
1997 
1/97 Multinationality, diversification  and firm size. An empirical analysis of Europe's leading firms, by Stephen 

Davies, Laura Rondi and Alessandro Sembenelli, January 
2/97 Qualità totale e organizzazione del lavoro nelle aziende sanitarie, by Gian Franco Corio, January 
3/97 Reorganising the product and process development in Fiat Auto, by Giuseppe Calabrese, February  
4/97 Buyer-supplier best practices in product development: evidence from car industry, by Giuseppe Calabrese, April 
5/97 L’innovazione nei distretti industriali. Una rassegna ragionata della letteratura, by Elena Ragazzi, April 



6/97 The impact of financing constraints on markups: theory and evidence from Italian firm level data, by Anna 
Bottasso, Marzio Galeotti and Alessandro Sembenelli, April 

7/97 Capacità competitiva e evoluzione strutturale dei settori di specializzazione: il caso delle macchine per 
confezionamento e imballaggio, by Secondo Rolfo, Paolo Vaglio, April 

8/97 Tecnologia e produttività delle aziende elettriche municipalizzate, by Giovanni Fraquelli and Piercarlo Frigero, 
April 

9/97 La normativa nazionale e regionale per l’innovazione e la qualità nelle piccole e medie imprese: leggi, risorse, 
risultati e nuovi strumenti, by Giuseppe Calabrese, June 

10/97 European integration and leading firms’ entry and exit strategies, by Steve Davies, Laura Rondi and Alessandro 
Sembenelli, April 

11/97 Does debt discipline state-owned firms? Evidence from a panel of Italian firms, by Elisabetta Bertero and Laura 
Rondi, July 

12/97 Distretti industriali e innovazione: i limiti dei sistemi tecnologici locali, by Secondo Rolfo and Giampaolo 
Vitali, July 

13/97 Costs, technology and ownership form of natural gas distribution in Italy, by Giovanni Fraquelli and Roberto 
Giandrone, July 

14/97 Costs and structure of technology in the Italian water industry, by Paola Fabbri and Giovanni Fraquelli, July 
15/97 Aspetti e misure della customer satisfaction/dissatisfaction, by Maria Teresa Morana, July 
16/97 La qualità nei servizi pubblici: limiti della normativa UNI EN 29000 nel settore sanitario, by Efisio Ibba, July 
17/97 Investimenti, fattori finanziari e ciclo economico, by Laura Rondi and Alessandro Sembenelli, rivisto sett. 1998 
18/97 Strategie di crescita esterna delle imprese leader in Europa: risultati preliminari dell'utilizzo del data-base 

Ceris "100 top EU firms' acquisition/divestment database 1987-1993", by Giampaolo Vitali and Marco 
Orecchia, December 

19/97 Struttura e attività dei Centri Servizi all'innovazione: vantaggi e limiti dell'esperienza italiana, by Monica 
Cariola, December 

20/97 Il comportamento ciclico dei margini di profitto in presenza di mercati del capitale meno che perfetti: un'analisi 
empirica su dati di impresa in Italia, by Anna Bottasso, December 

 
 
1996 
1/96 Aspetti e misure della produttività. Un'analisi statistica su tre aziende elettriche europee, by Donatella 

Cangialosi, February 
2/96 L'analisi e la valutazione della soddisfazione degli utenti interni: un'applicazione nell'ambito dei servizi sanitari, 

by Maria Teresa Morana, February 
3/96 La funzione di costo nel servizio idrico. Un contributo al dibattito sul metodo normalizzato per la 

determinazione della tariffa del servizio idrico integrato, by Giovanni Fraquelli and Paola Fabbri, February 
4/96 Coerenza d'impresa e diversificazione settoriale: un'applicazione alle società leaders nell'industria 

manifatturiera europea, by Marco Orecchia, February 
5/96 Privatizzazioni: meccanismi di collocamento e assetti proprietari. Il caso STET, by Paola Fabbri, February 
6/96 I nuovi scenari competitivi  nell'industria delle telecomunicazioni: le principali esperienze internazionali, by 

Paola Fabbri, February 
7/96 Accordi, joint-venture e investimenti diretti dell'industria italiana nella CSI: Un'analisi qualitativa, by Chiara 

Monti and Giampaolo Vitali, February 
8/96 Verso la riconversione di settori utilizzatori di amianto.  Risultati di un'indagine sul campo, by Marisa Gerbi 

Sethi, Salvatore Marino  and Maria Zittino, February 
9/96 Innovazione tecnologica e competitività internazionale: quale futuro per i distretti e le economie locali, by 

Secondo Rolfo, March 
10/96 Dati disaggregati e analisi della struttura industriale: la matrice europea delle quote di mercato, by Laura 

Rondi, March 
11/96 Le decisioni di entrata e di uscita: evidenze empiriche sui maggiori gruppi italiani, by Alessandro Sembenelli 

and Davide Vannoni, April 
12/96 Le direttrici della diversificazione nella grande industria italiana, by Davide Vannoni, April 
13/96 R&S cooperativa e non-cooperativa in un duopolio misto con spillovers, by Marco Orecchia, May 
14/96 Unità di studio sulle strategie di crescita esterna delle imprese italiane, by Giampaolo Vitali and Maria Zittino, 

July. Not available 
15/96 Uno strumento di politica per l'innovazione: la prospezione tecnologica, by Secondo Rolfo, September 
16/96 L'introduzione della Qualità Totale in aziende ospedaliere: aspettative ed opinioni del middle management, by 

Gian Franco Corio, September 



17/96 Shareholders’ voting power and block transaction premia: an empirical analysis of Italian listed companies, by 
Giovanna Nicodano and Alessandro Sembenelli, November 

18/96 La valutazione dell'impatto delle politiche tecnologiche: un'analisi classificatoria e una rassegna di alcune 
esperienze europee, by Domiziano Boschi, November 

19/96 L'industria orafa italiana: lo sviluppo del settore punta sulle esportazioni, by Anna Maria Gaibisso and Elena 
Ragazzi, November 

20/96 La centralità dell'innovazione nell'intervento pubblico nazionale e regionale in Germania, by Secondo Rolfo, 
December 

21/96 Ricerca, innovazione e mercato: la nuova politica del Regno Unito, by Secondo Rolfo, December 
22/96 Politiche per l'innovazione in Francia, by Elena Ragazzi, December 
23/96 La relazione tra struttura finanziaria e decisioni reali delle imprese: una rassegna critica dell'evidenza 

empirica, by Anna Bottasso, December 
 
 
1995 
1/95 Form of ownership and financial constraints: panel data evidence on leverage and investment  choices by Italian 

firms, by Fabio Schiantarelli and Alessandro Sembenelli, March 
2/95 Regulation of the electric supply industry in Italy, by Giovanni Fraquelli and Elena Ragazzi, March 
3/95 Restructuring product development and production networks: Fiat Auto, by Giuseppe Calabrese, September 
4/95 Explaining corporate structure: the MD matrix, product differentiation and size of market, by Stephen Davies, 

Laura Rondi and Alessandro Sembenelli, November 
5/95 Regulation and total productivity performance in electricity: a comparison  between Italy, Germany and France, 

by Giovanni Fraquelli and Davide Vannoni, December 
6/95 Strategie di crescita esterna nel sistema bancario italiano: un'analisi empirica 1987-1994, by Stefano Olivero 

and Giampaolo Vitali, December 
7/95 Panel Ceris su dati di impresa: aspetti metodologici e istruzioni per l'uso, by Diego Margon, Alessandro 

Sembenelli and Davide Vannoni, December 
 
 
1994 
1/94 Una politica industriale per gli investimenti esteri in Italia: alcune riflessioni, by Giampaolo Vitali, May 
2/94 Scelte cooperative in attività di ricerca e sviluppo, by Marco Orecchia, May 
3/94 Perché le matrici intersettoriali per misurare l'integrazione verticale?, by Davide Vannoni, July 
4/94 Fiat Auto: A simultaneous engineering experience, by Giuseppe Calabrese, August 
 
 
1993 
1/93 Spanish machine tool industry, by Giuseppe Calabrese, November 
2/93 The machine tool industry in Japan, by Giampaolo Vitali, November 
3/93 The UK machine tool industry,  by Alessandro Sembenelli  and Paul Simpson, November 
4/93 The Italian  machine tool industry, by Secondo Rolfo, November 
5/93 Firms' financial and real responses to business cycle shocks and monetary tightening: evidence for large and 

small Italian companies, by Laura Rondi, Brian Sack, Fabio Schiantarelli and Alessandro Sembenelli, 
December 

 
 

 
 

 

Free copies are distributed on request to Universities, Research Institutes, researchers, students, etc. 
Please, write to: 

MARIA ZITTINO 
Working Papers Coordinator 

CERIS-CNR 
Via Real Collegio, 30; 10024 Moncalieri (Torino), Italy 

Tel.  +39 011 6824.914;     Fax  +39 011 6824.966;  m.zittino@ceris.cnr.it; http://www.ceris.cnr.it 
 
 

Copyright © 1999  by CNR-Ceris 
All rights reserved. Parts of this paper may be reproduced with the permission of the author(s) and quoting the authors and CNR-

Ceris 




