
Introduction
The complexity of medical faculties, which have a
triple vocation (medical care, teaching and research)
and in which there co-exist workgroups with hetero-
geneous interests, ranging from biological to chemi-
cal, medical and surgical, renders efforts to evaluate
the activity of their members both extremely impor-
tant and also particularly difficult. 
Much work has recently been done with regard to the
evaluation of some specific aspects, primarily the

quality of teaching (1-7); quality of care has also
been the focus of considerable attention, albeit often
limited to specific medical care sectors (8-11). Gen-
eral evaluation criteria have been developed (12-22),
but also harshly criticised (23). 
The aim of this work is to present and discuss criti-
cally the solution adopted by the teaching hospital
facility (known as the “Polo San Luigi Gonzaga” of
Orbassano, hereinafter “Polo”) of the Faculty of
Medicine and Surgery of the University of Turin, in
order to develop a system for evaluating medical
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care, research and teaching activities carried out by
the groups belonging to it. This evaluation system is
intended to be used primarily as a decision-making
tool for assigning resources among groups and for
fostering the development of the “Polo”: a tool for
evaluating its groups’ activities.
The article begins by presenting the evaluation crite-
ria used, their conceptual justification and the opera-
tional indicators used to monitor them. Then, a con-
ceptual framework of multicriteria decision making is
presented, and the calculation method used for rank-
ing university groups is described. Each part of the
description is accompanied by a box, which illus-
trates the application of the evaluation process to the
“Polo”. In the final section, the article discusses the
validity of the evaluation system, also considering da-
ta relating to the “Polo”. A worksheet has been made
available on this journal’s website, providing practi-
cal illustrations of the computations and showing how
data should be organised before proceeding with the
evaluation and the production of the final rankings.

Subjects to which the evaluation 
is applied 
The evaluation process is not applied to single uni-
versity professors, or to specific scientific disci-
plines, but to the operational units, or groups, that
carry out the faculty’s teaching, research and medical
care activities. These operational units generally cor-
respond directly (i) to specific sectors of the basic
sciences, hereinafter scientific-disciplinary (SD) sec-
tors, and (ii), with regard to medical care disciplines,
to the medical care structures defined in the hospital
deed (as indicated in the classification used in hospi-
tal and regional information systems).
The first distinction between basic science and med-
ical care disciplines is based on the activities charac-
terising the two areas, which constitute the basis of
the evaluation process. Since the activities carried
out in the basic science and medical areas do not co-
incide completely (only research and teaching in the
former, also medical care in the latter), it is difficult
to compare them. It is therefore reasonable to divide
the evaluation process into two parts, splitting the re-
sources to be allocated (typically, the staffing budg-
et) between these two areas at the start of it.

To do this, criteria are needed for this initial alloca-
tion of resources, after which the evaluation system
must provide a ranking of workgroups for the further
allocation of resources within each area.
To decide how to allocate the resources between the
basic science and medical care areas, the most feasi-
ble approach is perhaps to evaluate the quantity of
professional resources absorbed by the functions that
the two areas have in common, i.e. teaching and re-
search. For the former, this quantity can be estimat-
ed on the basis of the number of university formative
credits (CFUs, including credits for training), for the
degree course in medicine and surgery, that are as-
signed to each of the two areas. For research, on the
other hand, there is no simple, prescriptive criterion
that can be applied to establish the quantity of re-
sources likely to be absorbed in the two areas; the
quickest way, therefore, is perhaps to take the current
split of staff between the two areas (often based on
the division of CFUs) as a good indicator of the re-
search potential of each of them.
In the medical care area, university professors work-
ing in the hospital that hosts the Faculty of Medicine
and Surgery are required to devote half of their work-
ing time to hospital medical care duties. In the light
of this, the contribution, in terms of person-hours,
that each staff member is able to make to teaching
and research activities corresponds to a maximum of
50% of their working time, depending on the agree-
ment reached with the hospital (i.e., the amount of
reimbursement and support for teaching and research
the operational group is allowed).
In addition, remaining within the medical care area,
the weight of the care function differs in the non-sur-
gical and surgical sub-areas; in the latter, for example,
parameters for evaluating technical ability are pre-em-
inent and may prevail over scientific ones. In this case,
too, the issue can be resolved by applying beforehand
two different evaluation systems to the two sub-areas,
splitting the budgetary resources at the beginning of
the evaluation process, applying the same criteria men-
tioned above, i.e., considering the CFUs assigned to
the relative SD sector. Nonetheless, this further split-
ting is barely feasible even in medium-small sized fac-
ulties, due to the typically small volume of the avail-
able budget, which cannot undergo two subsequent di-
visions, the first between the basic science and medical
care areas and the second between surgical and non-

G. Costa et al.

24 BIOMEDICAL STATISTICS AND CLINICAL EPIDEMIOLOGY 2008; 2 (1): 23-36



surgical sub-areas. In this case, if the decision is taken
to maintain the division at the top level, between the
basic science and medical care areas, it is necessary to
work on an evaluation algorithm to attribute different
weightings of the three functions (research, teaching
and care delivery) for the two sub-areas.

Box 1 
Definition of basic science and medical care in the
case of the “Polo San Luigi”

With regard to teaching duties, faculty rules stipulate
that 40% (126 CFUs) of the total amount of CFUs
must be covered by the basic science area and the re-
maining 60% (189 CFUs) by the medical care area.
These two areas fulfil these teaching duties with, re-
spectively, 39% and 61% of the professors belonging
to the “Polo”.
In the light of this, it is also be possible (if we assume
that teaching and research are the only two functions
to be taken into consideration) to arrive at a reliable
estimate of the level of commitment to research: i.e.
at an a priori subdivision of the budgetary resources,
allocating about 40% and 60% respectively.
However, the agreement reached between the univer-
sity and the hospital where the “Polo” is based oblig-
es university staff specialising in the medical care area
to devote 50% of their time to medical care activities.
This means that whereas the 126 CFUs that must be
covered by the basic science area are guaranteed, as
mentioned, by 39% of the “Polo” professors belong-
ing to that area, each of whom contributes a profes-
sor-year for these purely university functions, the 189
CFUs for the clinical area are the responsibility of
60% of the “Polo” professors belonging to this area,
who instead are able to fulfil this university function in
a measure of just 0.5 professor-years each.
Therefore, since the professors from the medical care
area can devote only 50% of their time to teaching and
research activities, their CFUs should be worth dou-
ble when the budget is allocated, thus taking the total
to a nominal level of 378 credits. At this point, this
amount would be equal to 75% of the total CFUs.
The division of the budget between the two areas
should thus correspond to 25% for the basic science
area and 75% for the care area. However, since, ac-
cording to an agreement between the hospital and
the university, the professors carrying out care activ-

ities receive an integrative payment, and since the
agreement also allows hospital staff to be used for
teaching purposes (mainly for clinical tutoring), it is
agreed that a fair division of the budget would be
around 33% for the basic sciences area and 67% for
the medical care area.
With regard to the distinctions between sub-areas
within the care area, the surgical sub-area is evalu-
ated on a scale of priorities that assigns 40% priori-
ty to care, 35% to teaching, and 25% to research ac-
tivities, while the non-surgical sub-area is evaluated
on a scale that assigns 30% priority to care, 35% to
teaching, and 35% to research activities. 

Evaluation of the teaching function
The teaching aspect of the academic role can be eval-
uated through the application of various criteria, each
measurable using specific indicators: 
1. saturation of compulsory teaching hours, derived

from the comparison between the designated
hours and those actually spent on primary teach-
ing tasks by each group member; 

2. other teaching-related activities (relating to spe-
cialisations, doctorates, optional teaching activi-
ties, apprenticeships, institutional activities), for
which the workload is estimated with various lev-
els of precision;

3. student satisfaction with teaching, derived from
the conduction of surveys among students. The in-
dicators used are based on the scores obtained by
the group’s members. These scores, which corre-
spond to students’ evaluations of specific aspects
of teaching, can, for a given course, be averaged
across the members of each group, and standard-
ised to the average of evaluations expressed for
other courses in the same year (providing the nec-
essary variables are available for all courses at-
tended and that they can be drawn from survey
systems of guaranteed quality and completeness). 

Box 2
Evaluation of teaching at the “Polo San Luigi” 

The first criterion, saturation of compulsory teach-
ing hours, is measured as the ratio between the hours
assigned to primary teaching tasks (120 hours for
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ordinary and associate professors, and 90 hours for
researchers) and the total number of hours spent on
such activities. The number of hours is self-certified
and the total cannot exceed by more than 10% the to-
tal number of hours corresponding to the number of
assigned CFUs. All teaching hours (100%) devoted
to the specialty degree course in medicine and sur-
gery count as primary teaching tasks, as opposed to
50% of those spent teaching on degree courses rela-
tive to health professions pertaining to the same Fac-
ulty of Medicine and Surgery. The assignment of low-
er priority, in this second case, is due to the avail-
ability of integrative teaching provided by regional
health service professionals, which is funded by the
Piedmont Region. Hours spent on teaching activities
outside the Faculty of Medicine and Surgery are not
considered in the estimate, as they do not concern
the budgetary resources that the evaluation system
intends to allocate.
The second criterion, which evaluates other teaching-
related work, is measured through other indicators:
° hours spent in schools of specialisation, on the co-

ordination of doctorate work, and on teaching on
elective courses (ECT) are recognised, for the
purposes of the evaluation, up to a maximum of 50
hours per activity per person for each item; this is
because the volume of such teaching activities is
not deemed to be self-certifiable in a reproducible
manner; 

° apprenticeship hours are not counted since a re-
producible estimate is not available;

° hours spent on institutional activities (chairman-
ship of faculty and degree course councils, admin-
istration of schools of specialisation, doctorate
coordination) are estimated at around 20 for each
activity, up to a maximum total of 60 for all the
items.

The third criterion, the students’ satisfaction with the
teaching received, is measured using an indicator
summarising the degree of satisfaction with various
specific aspects of each course, standardised accord-
ing to the average of evaluations expressed for
courses of the same year, providing the necessary
variables are available for all courses attended and
can be obtained from identification systems which
are monitored for quality and completeness. Cur-
rently, the systems used for surveying students’ satis-
faction do not meet these requirements. 

Evaluation of the research function
This aspect of the academic role may be evaluated on
the basis of two different elements, both measurable
using simple indicators:
1. the quality of scientific production, usually meas-

ured by impact factor;
2. the ability to obtain funds for the department and

the university, measured on the basis of indicators
of the ability to obtain university (COFIN – Co-
Financing Scheme of the Italian Ministry of Uni-
versity and Research) and European funding, and
indicators of the contribution of each SD sector to
the university’s overall ranking at national level
(CIVR – Italian University System Evaluation
Committee).

Box 3
Evaluation of research at the “Polo San Luigi”

Scientific productivity is measured through the aver-
age impact factor (IF) of each group, based on the IF
derived from 10 papers presented by each professor
or researcher in the previous five years. The average
corresponds to the sum of the IFs of the group’s par-
ticipants divided by the number of participants. In
particular, the formula adopted for calculating the
IFs is adjusted by ISI class, where ISIIFScore=8(A1-
B1)/(A1-1)+2, in which A1 is the number of journals
in the given ISI class and B1 is the rank occupied by
the journal in the same ISI class. 
To illustrate the computation, let us consider how we
would compute the ISIIFScore for the journals “Cir-
culation Research” and “Basic Research in Cardiol-
ogy”. Circulation Research is ranked no. 2 (=B1) in
IF among 71 (=A1) journals of the CARDIAC &
CARDIOVASCULAR SYSTEMS ISI class, as provid-
ed by the Journal Citation Report 2004. Thus, ac-
cording to the ISIIFScore formula, its adjusted IF is
9.886. On the other hand, Basic Research in Cardi-
ology, which is ranked no. 14 (=B1) in IF in the same
category (A1=71), has an adjusted IF of 8.514.
The ability to obtain investments for research is
measured by two additional indicators: the COFIN
factor (which measures the number of COFIN and
European grants obtained in the past five years) and
the CIVR factor (which measures the number of pa-
pers included in the CIVR’s A and B lists). The vari-
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ables included in these indicators do not present par-
ticular difficulties as regards self-certification, com-
pleteness or data quality.

Evaluation of the medical care 
function 
The evaluation process takes the medical care func-
tion into consideration both because medical care ac-
tivities can be an institutional task of academic staff
(both a direct task, relative to the care of patients, and
an important teaching instrument), and also because
they reduce the time available for research work (in
this regard they may place the academic staff in-
volved at a disadvantage compared to researchers
who do not also have medical care duties to fulfil). 
Medical care activity may be examined using various
methods, whose nature and importance in the evalu-
ation are the subject of some debate; Box 4 sum-
marises this debate in relation to the academic staff
from the medical care area at the “Polo San Luigi”.

Box 4
Debate over the evaluation of medical care: the cor-
porate (hospital trust) and academic (university)
points of view

Two different aspects of care activity have been con-
sidered: the administrative side and the actual deliv-
ery of care services. Evaluation of these aspects may
differ according to whether it is the academic or the
corporate interest that is taken in consideration.
Evaluation of the administrative activity of the health
unit is relevant both to the university and to the hos-
pital. However, whereas the hospital may be interest-
ed in the way the administrative side is managed (for
example, in the management and development of the
assigned human resources), the university is more in-
terested, on the one hand, in the potential and oppor-
tunities generated by the administration of the unit
as a pre-condition for steering the latter’s activity to-
wards the other university missions of training and
research, and, on the other, in ensuring work loads
compatible with research needs (work loads may be
considered proportional to the unit’s complexity).
Evaluation of administrative activity takes into ac-
count both the nature (i.e. the level of responsibility

and decision-making autonomy in programming and
management) and the complexity (i.e. of the re-
sources to be managed) of the unit to be adminis-
tered. With regard to this latter aspect, it is agreed
that human resources are the key factor to consider,
and also the easiest to measure.
Other possibly pertinent items, such as the level of
investments, particularly in advanced technologies,
seem to be influenced more by corporate than by uni-
versity choices. Similarly, possible corporate judge-
ments on the performance of the university unit,
mainly with regard to its capacity to introduce or-
ganisational innovations, may be derived from find-
ings of the University Evaluation Committee’s ap-
praisals of innovation stimulation projects. However,
since the actual procedure of defining projects and
the relative objectives, indicators and standards is
not yet regulated by the university and hospital act-
ing in concert, effective quantitative measurement of
this criterion cannot be guaranteed.
Evaluation of the delivery of medical care services,
which are determined by the nature of the unit, is al-
so of interest both to the hospital and to the universi-
ty, although the two have different perspectives.
The hospital focuses mainly on the efficiency criteri-
on, i.e. on the relationship between the amount of re-
sources spent on care activity and the level of care
provided, adjusted (of course) for the amount of
service requests, the level of service that the unit is
asked to provide (in accordance with regional and
corporate programmes), and finally, although not al-
ways, the level of satisfaction expressed by the pa-
tients.
On the contrary, the university has no specific inter-
est in efficiency, management efficacy, or patient sat-
isfaction (other than complying with the indications
given by the hospital with which the university has a
formal agreement, and providing such indications
are not in conflict with its primary targets, namely its
teaching and research activities).
Again, it has been emphasised that the hospital’s rat-
ing of the performance of the unit reflects the hospi-
tal’s own contribution to it, and in this sense it should
be included in the evaluation process. Nevertheless,
there is still some doubt over the practical feasibility
of measuring this criterion in a comparable way (i.e.,
excluding any particular political or administrative
circumstances) in different units. The university, in
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this context, is interested in the amount of care pro-
vided, but only as an indicator of the time subtracted
from research activity. In addition, the technical ap-
propriateness of the medical care provided by uni-
versity units is taken for granted (this is why we are
able to speak of university teaching hospitals), and
therefore this criterion is not an acceptable parame-
ter for evaluation purposes.
In conclusion, the university is interested in the abil-
ity to deal with and the capacity to attract complex
cases, because of the added value that these may
confer on teaching and research activities. Having
said that, even simple cases can provide valuable
teaching opportunities for new medical graduates,
even though straightforward situations are also
readily found in other, non-university clinics within
the regional health care system.
Furthermore, it has to be recognised that the ability
to attract more complex cases does not depend only
on the ability of the university professor, but also on
the role, in the overall regional and corporate plan-
ning, that the unit is assigned, as well as on the si-
multaneous availability of similar units within the
same hospital. Finally, the university might be inter-
ested in the ability to produce innovations, in partic-
ular with regard to patient care, that may not yet
have been measured in terms of scientific production. 
We might consider taking care activity volume as a
measurable indicator, given that, from the perspec-
tive of the university units, it takes time and re-
sources away from the research activity. The problem
here is the difficulty providing a comparable indica-
tor for different types of unit. Indeed, it is quite diffi-
cult to compare the number of admissions to a hospi-
tal unit with the number of outpatient services pro-
vided by a diagnostic unit, or the interventions of a
psychiatric service with the projects handled by an
epidemiological service. A possible solution, al-
though difficult to implement, could be to translate
each activity into costs or tariffs; but this would still
not solve the problem, for example, of the anaesthe-
siology service or the psychiatric ward, whose inter-
ventions cannot be measured in terms of tariffs.
A further option is to consider the extent to which the
resources assigned to the hospital match the volume
of care provided by that hospital. A possible indica-
tor in this case might be represented by the degree of
coverage of the list of posts. This might prove to be a

rather arbitrary criterion, since a clear organisation
chart is often not available. 
In any case, all these indicators of the volume of ac-
tivity carried out are correlated with the amount of
human resources available within each unit, which is
already included in the evaluation criteria, and thus
at risk of being considered twice.

Evaluation criteria and indicators 
of care delivery
Starting from the considerations set out in Box 4,
five criteria for evaluating the medical care area can
be identified (nature and complexity of the unit’s
management tasks, efficiency, complexity of cases
dealt with, and ability to attract complex cases) as
well as many related indicators. 
The management activities of the unit can be evalu-
ated:
1. with regard to their nature, using a quality indica-

tor of the unit’s complexity (for example as de-
fined by the corporate deed: department/complex
unit/departmental simple unit /simple unit);

2. with regard to their complexity, through a quanti-
tative indicator of management tasks, for example
the size of the staff to be managed.

Medical care activities could be evaluated applying
three types of criterion and their relative quantitative
indicators: efficiency, complexity of cases, and ca-
pacity to attract cases.
With regard to efficiency, indicators are needed that
measure the efficiency of the various types of med-
ical care activity, so as to compare them with other
university healthcare units working in similar con-
texts. Therefore, the efficiency of a university cardi-
ology unit is compared with that of another universi-
ty cardiology unit, and not with that of a hospital car-
diology unit; unfortunately, this is not always possi-
ble. In addition, since there exist at least three cate-
gories of primary care (inpatient, day-hospital and
outpatient), it is necessary to choose a specific effi-
ciency indicator for each activity within each unit,
which should then be evaluated considering the dis-
tribution of this indicator regionally, in units from the
same sector. Hence, the result is reported on a stan-
dardised scale for each category of activity and
weighted by the importance of that category within
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the unit. This should make the indicator comparable
among different units.
Once again, those structures whose activities (psy-
chiatric field assistance, anaesthesiology services
and epidemiology projects) do not fall into these cat-
egories, for which quantitative indicators are avail-
able, would be excluded. Efficiency evaluation, in
these cases, could be done through a “site visit”.
With regard to the complexity of cases, “case-mix”
indicators could be used; however, in mixed hospital
facilities, where university units often represent the
only available care option for the given discipline,
the case-mix is not determined by the university na-
ture and specific competences of the unit, but rather
by regional and corporate health programming deci-
sions and patients’ needs. In addition, comparable
case-mix indicators are not available for all cate-
gories of care. That said, if we wish, in any case, to
measure this criterion, indicators valid for each cate-
gory of activity need to be identified: (i) case-mix in-
dicator in the case of inpatient admissions, (ii) aver-
age number per day in the case of day-hospital ad-
missions, and (iii) average number per day in the
case of outpatient services. These indicators are
measured in each unit, and then compared to the re-
gional average of the units belonging to the same
sector. Finally, the result is compared with a stan-
dardised scale of efficiency for each category of ac-
tivity and assigned a category-based level of impor-
tance within the unit. This procedure should make it
possible to compare different units. For the remain-
ing activities, which do not fall into these three cate-
gories, the complexity of cases can be evaluated
through a “site visit”.
With regard to the capacity to attract cases, valid in-
dicators can be used for each type of activity and unit;
for example, it is possible to compute the proportion
of non-standard users to overall users. These non-
standard users can be inpatients in the hospital units,
users of outpatient services in diagnostic units, and
external projects in epidemiological units. Again, we
encounter exceptions, in this case, unit whose user-
ship is specified in regional or national health plans:
in these situations, the capacity of attraction must
again be carried out through a “site visit”.
This evaluation system uses thus five synthetic indi-
cators of care activities, which in turn are weighted
by the number of university professors and re-

searchers who make up the group and thus share the
task of providing care.

Box 5 
Evaluation of care at the “Polo San Luigi”

On the basis of data available at the hospital admin-
istration office, the following indicators are comput-
ed for each of the five elements to be evaluated: 
1. nature of the unit to be administered. This indica-

tor is obtained from the corporate deed which
classifies the units into four categories, to which
importance is assigned in ascending order on the
basis of the level of autonomy and responsibility:
0.15 for a simple unit, 0.30 for a departmental
simple unit, 0.90 for a complex unit, 1.00 for a de-
partment administration;

2. the quantity of human resources to be adminis-
tered is estimated on the basis of the amount of
staff, relative to the previous year (employees or
professional collaborators): this indicator also
reflects the care volume;

3. efficiency is measured for inpatient admissions on
the basis of the performance comparative index
(obtained by comparison with units of the same
discipline at regional level); for day-hospital ad-
missions on the basis of the ratio between the av-
erage number of days per patient in each unit and
the average numbers of days per patient recorded
by similar units in the region; for specialist serv-
ices through the number of examinations carried
out in the unit out in relation to the staff-hours de-
voted to outpatient activity, compared to the aver-
age number recorded by other units in the region; 

4. complexity of cases can be measured on the basis
of the case-mix index for planned inpatient admis-
sions, the average number per day for day-hospi-
tal admissions, and the average weight of invoic-
es for outpatient services for the given specialty,
compared with the values for other units of the
same type in the region;

5. capacity to attract cases could be evaluated on the
basis of the proportion of inpatient activity, outpa-
tient services or project activity carried out in
favour of users or clients not belonging to the
group of users envisaged for the unit in regional
and corporate programming.

In each of the three cases (efficiency, case-mix, ca-
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pacity of attraction), the indicators obtained for each
type of activity (inpatient, day-hospital and outpa-
tient) are standardised to a scale of 0 to 1, and are
then weighted for the proportion of the total turnover
generated, within the unit, by that particular type of
activity (for example the amount of turnover of inpa-
tient, day hospital or outpatient activities compared
to the total turnover of the unit’s activities) before be-
ing added together to give the standardised efficien-
cy indicator.
In order to take account of the fact that each group
may have a different number of university professors
and researchers, the score of each synthetic care in-
dicator (nature, importance, efficiency, case-mix, ca-
pacity of attraction) is related to the number of mem-
bers of the group, for example by weighting the indi-
cator with a value 1 if there is only one academic in
the unit, 1.1 if there are two, 1.2 if there are three,
and so on.

Ranking methods
Given the complexity of the evaluation process, the
final ranking among structures can be produced
within the framework of the multi-criteria decision-
making (MCDM) models. These models are part of a
broader class of operational research models, which
deal specifically with decision-making issues in the
presence of a specific number (limited) of criteria
and alternatives. Basically, each method is a series of
numeric techniques aimed at supporting the faculty
in making a decision among a closed set of alterna-
tives. The entire mechanism is based essentially on
study of the decision-maker’s utility function, under-
lying each of the MCDM methods.
Even though MCDM models have been criticised,
mostly for their complexity, they are all widely im-
plemented in various application sectors, from the al-
location of resources in the health and environmental
policy field, to the evaluation of surgical units based
on a series of indicators (24). The Weighted Sum
Model (WSM) is perhaps the most widespread and
most used method. The Weighted Product Model
(WPM) can be considered a modification of the
WSM, some of whose theoretical limitations it was
designed to overcome.
The Analytical Hierarchy Process (AHP) (25) is a

further development of the WSM, and it is becoming
increasingly popular. Other widespread methods are
the Elimination and Choice Translating Reality
(ELECTRE) (26) and the Technique for Ordering
Preference by Similarity to Ideal Solution (TOPSIS)
(27) methods.
Basically, MCDM models are built on a three-step
procedure:
1. Understanding which element is useful for the

evaluation purposes;
2. Associating numerical measures with each ele-

ment;
3. Defining a method suitable for synthesising the

results with a view to obtaining a possibly unique
ranking of the alternatives: in our case, the SD
sectors are the possible alternatives that the deci-
sion maker wants to rank.

All data are gathered in what is called the “decision
matrix” O (28). This is nothing other than a matrix
containing elements, or criteria (in the columns the
C1, C2, C3, …, Cn) and alternatives (in the rows O1,
O2, O3, …, Om), in our case, the various groups or sci-
entific sectors to be evaluated.
The measures available for all the alternatives and
for each element, are indicated with oij, with i = 1, 2,
…, m and j = 1, 2, …, n.
In addition, each criterion is weighted for its impor-
tance in the final evaluation with a value pj, which to-
tals 1 across all criteria.

In the WSM, the best alternative corresponds to the
highest score obtained by a linear combination of the
elements oij and pj

G. Costa et al.

30 BIOMEDICAL STATISTICS AND CLINICAL EPIDEMIOLOGY 2008; 2 (1): 23-36

Criteria
C1 C2 C3 Cn

Alternatives
O1 o11 o12 o13 … o1n
O2 o21 o22 o23 … o2n
: : : : : :
Om om1 om2 om3 … omn

Weights p1 p2 p3 … pn



The underlying assumption of an additive utility
function, which underlies the WSM (in the sense that
each measurement increases the overall utility for
any given alternative by an amount proportional to
the weight) is superseded by the WPM, where each
alternative is compared with the others by multiply-
ing a set of ratios elevated by the weight of the cor-
responding criterion (29). In particular, the first step
is to compute the ratio of each pair of alternatives Ak
e Al for all criteria, and thus the product

whose maximum represents the best solution. A sim-
pler alternative to the WPM is the so-called modified
WPM or mWPM (30, 31), in which, instead of the
ratios, each value is used directly as a term in the
product 

The main drawback of the latter approach is that it
loses the property of being an a-dimensional quanti-
ty, a property recognised in the full WPM.
The AHP is a linear approach similar to the WSM, in
which the relative values are used instead of the
crude ones used in the WSM.
Indeed, for each observed value oij the relative quan-

tities are computed where . The

final AHP solution is thus

The AHP method has been criticised because of a se-
vere inconsistency, i.e., if an additional alternative is
added to the set of previously considered alterna-
tives, the final AHP solution can change, even if this
additional alternative is not the optimal one. Belton
and Gear (32) proposed the modified AHP as a solu-
tion to this problem. This approach consists of divid-
ing each relative value qij by the maximum for each
criterion. The final ranking is then obtained as in the
standard AHP. 
ELECTRE is based on the idea of a pairwise com-
parison of each alternative: in this case, the outrank-
ing relationship of two arbitrary alternatives Oi and

Oj describes the situation in which where the deci-
sion maker is opting for one of the two. For each cri-
terion, Cj, the difference between the crude and trans-
formed values of each pair of alternatives for that
given criterion is computed

gi (Oj) – gi (Ok)

Usually, before computing such differences, the val-
ues are normalised using the formula

Then, the normalised decision matrix X is weighted,
obtaining the weighted matrix 

Y = XP

Thus, the set of concordance Ckl is obtained for each
pair Ok and Ol having dimensionality mk, with l ≥ 1
and it is defined as the set of criteria for which Ok is
preferred to Ol

Ckl = {j, such that: ykj ≥ ylj},

and the complementary set of discordance is defined
oppositely as

Dkl = {j, such that: ykj < ylj}

for all criteria j = 1, 2, …, n.

The concordance index ckl, which indicates the rela-
tive importance of the alternative Ok as compared to
the Ol alternative, is thus the sum of weights pj asso-
ciated with the elements in the concordance set 

and it is always 0 ≤ ckl ≤ 1. The concordance indices,
and the corresponding discordance indices, obtained
similarly from the dkl sets, are computed for each pair
and put into two symmetrical matrices C and D.
Each value is then compared with a threshold, or
minimum acceptable performance, fkl = I (ckl ≥ c),
where the latter is determined by the relation
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The same is then done for the discordance values. Fi-
nally, the aggregate dominance matrix E, having el-
ements ekl = fkl × gkl, is used to identify the best alter-
native.
The TOPSIS method is based on the simple concept
that the final ranking of SD sectors or groups should
be structured in such a way that the highest rank has
a “minimum distance” from the ideal situation, and a
“maximum distance” from the non-ideal one. Al-
though the distance concept may be interpreted in
various ways, TOPSIS uses a Euclidean geometric
interpretation. First, all values must be normalised to
a-dimensional measures, obtaining a normalised ma-
trix R, in which each element is computed as follows 

.

The standardised and weighted matrix V is thus gen-
erated as

.

Now, the ideal O* and non ideal solution O– must be
defined as

O* = {(ma
i
x vij | j ∈ J), (min vij | j ∈ J′)}
= {v*

1, v*
2, v*

3, ..., v*
n}

and

O– = {(mi
i
n vij | j ∈ J), (max vij | j ∈ J′)}
= {v–

1, v–
2, v–

3, ..., v–
n}

where i = 1, 2, ..., m and

J = {j = 1, 2, ..., n | j is associated with “benefit criteria”}

J′ = {j = 1, 2, ..., n | j is associated with “cost/loss criteria”}

The “maximum” and “minimum” (J and J′, respec-
tively) situations are decided on the basis of two pos-
sible criteria: (i) a criterion defined prior to evalua-
tion, during which the decision maker’s absolute ob-
jectives are established; (ii) an empirical criterion,
for which those situations correspond to the maxi-
mum and minimum registered for each criterion.
From the previous definition, it is deduced that the
SD sector O* is the best one, that is to say the ideal
situation. In the same way, the SD sector O– is the
worst one, therefore the negative or non-ideal solu-
tion. The n-dimensional Euclidean distance is thus
computed to measure the separation index of each
SD sector from the ideal and non-ideal solution.
The formula to calculate the distance from the ideal
solution is:

The similarity of a specific SD sector Oi to the ideal
solution O*, is defined as: 

where 0 ≤ C*i ≤ 1 and i = 1, 2, …, m. Clearly C*i = 1 if
Oi = O*, and C–

i = 0 if Oi = O–

The preference order can be ranked according to the
C*i coefficients in descending order.
Among the MCDM models proposed in the scientif-
ic literature, the TOPSIS method perhaps shows
greater elasticity in terms of its capacity not only to
propose a ranking of units, but also to simulate a vir-
tuous cycle of behaviours, indicating targets and pri-
orities for the faculty. TOPSIS assumes that the be-
haviour of each SD sector or group has a tendency to
increase or decrease the utility function of the “Polo
San Luigi” according to a monotonic function, but
this is usually not a heavy assumption, shared in any
case by most of the methods discussed here. This as-
sumption is however compensated for by the added
flexibility of the TOPSIS approach: indeed, TOPSIS
makes it possible to rank all sectors in relation to the
ideal target with the highest and lowest utility and
not only relative to the observed performances of the
other competing sectors. The Euclidean distance cri-
terion is thus used to evaluate the proximity of each
SD sector to the ideal solution. The final ranking
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among SD sectors is obtained by comparing these
relative distances.
The TOPSIS method therefore calculates Euclidean
distances between each group and an ideal group, de-
fined in two ways:
1. through an explicit and justified choice of a “tar-

get” value for each criterion, with the set of these
target values constituting the “ideal solution”;

2. through an empirical identification of the ideal so-
lution as the combination of the maximum ob-
served values for each criterion.

With regard to the present evaluation purposes, TOP-
SIS method requires the institution involved in the
evaluation to choose explicitly the standards consti-
tuting the ideal group and the coefficients to be used
to weight each criterion in terms of its importance. 

Box 6 
An application of the procedure at the “Polo San
Luigi”

Data for the “Polo San Luigi” evaluation procedure
are presented in Table 1. All the information was col-
lected using a website, where each faculty member
could enter his/her own data. Data on care activity
were inserted thereafter by the “Polo San Luigi”
Evaluation Committee and derived using the proce-
dures described in Box 5. Weights for each of the cri-
teria considered, discussed and formally approved
by the “Polo San Luigi” faculty council, are also
presented in Table 1. We applied, as described in the
text, the TOPSIS method, which was chosen for its
characteristics of flexibility and for its close reflec-
tion of the targets of the “Polo”, which are not only
to evaluate but also to stimulate excellence. In this
first application, no specific autonomous targets
were elicited by the faculty council of the “Polo” and
thus the final ranking was produced with respect to
the internal performances of each SD sector. An Ex-
cel file is available on the journal web site
(http://www.bmscej.com/) as a complementary tool
illustrating the ranking calculation steps.
The results are presented in Table 2 and they have
been compared with both an additive utility ap-
proach (the AHP both in the standard and modified
form) and the multiplicative utility scheme. The aver-
age distance between the maximum and the minimum
ranking for each SD sector is 5.73 (range 2-12). The

distance in ranking was much smaller comparing the
TOPSIS with the AHP, on average 2.07 (range 0-6),
due to the fact that both rely on Euclidean distances,
than comparing the TOPSIS with the WSM, on aver-
age 4.27 (range 1-10).
Looking at the correspondence between the perform-
ances and the ranking, it can be noticed, that the SD
sector SD-23, which the TOPSIS gives the highest
ranking is overperforming in the teaching activity
(the ratio of actual to designated hours is more than
twice the average) and in the care activities, which
together correspond to more than half of the total
weights.

Discussion 
In the case of the “Polo San Luigi, the elaboration of
the evaluation system (clarification of the evaluation
process criteria and data collection mechanism) was
a long and laborious undertaking. Concrete applica-
tion of the system then revealed some critical points
most of which, it is hoped, future applications and
the benefit of experience will make it possible to
overcome.
The classifications elaborated using the TOPSIS
method were, in general, comparable to those ob-
tained applying the empirical methods used in the
past for deciding how the budget should be shared:
the groups in the first positions were still the same; at
most, there was some switching of places at the top
and bottom of the classification. The TOPSIS
method, however, offers the advantage of allowing
the specification of different weights and objectives
in relation to the different stimulation and evaluation
strategies, applied by the “Polo. As expected, the
variable that most influenced the evaluation was the
number of group members: this is obvious, since the
distribution of the budget has to compensate for im-
balances in the saturation of teaching, care and re-
search loads (at comparable performance levels). 
With regard to care activities, there are still numer-
ous problems. Of the five selected evaluation crite-
ria, only the size of the unit and the complexity of the
staff to be managed can be measured with a degree
of accuracy. The other three (efficiency, complexity
of cases, capacity of attraction) are still measured
quite imprecisely, due to the different mixes of activ-
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ities (inpatient, day hospital and outpatient/laborato-
ry services) performed by each group, but also due to
the poor availability of data at regional level for pro-
ducing the indicators and to methodological inade-
quacies of the indicators used.
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