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a b s t r a c t 

The Portuguese National Health Service (SNS) was created to provide universal, equal, and tendentiously 

free care. There are different levels of care (primary, secondary, continued, and palliative) and all of them 

should deliver quality care services. Quality in healthcare is assessed according to several criteria, such as 

patient safety, care appropriateness or access. However, over the last years political and economic events 

have had an impact on the SNS. Hence, structural reforms have occurred, and new healthcare policies 

have been implemented, mostly focused on improving efficiency and reducing costs. It associated to di- 

vestment can increment barriers to access, compromise infrastructures and equipment, and, above all, 

the service’s quality. This work aims to assess quality of the Portuguese public hospitals (secondary care 

providers) in this line. To this aim, we adopt a multiple criteria decision aiding approach, applying the 

Electre Tri-nC method to build a decision model with intervention of an expert, who acts as the deci- 

sion maker. Hospitals are assessed and assigned to predefined categories, taking into account the hos- 

pitals’ performances on various criteria. Each criterion is characterized by different subcriteria, resulting 

in a complex criteria tree. Thus, to construct a multidimensional scale for each criterion, we propose an 

innovative approach using an Electre Tri -based method. The results are analyzed and the robustness of 

the model is tested. This work’s findings may have potential application to healthcare policy and hospital 

funding in the SNS, in which financial sustainability is a permanent challenge. 

© 2021 The Authors. Published by Elsevier Ltd. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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. Introduction 

The health sector assumes a highly influential position in the 

ociety’s bigger picture, since it is related to both social and eco- 

omic aspects and has substantial impacts on modern civilizations’ 

ives [1] . This particular combination of elements translated into 

 susceptible sector, mainly because attaining the highest health 

tandard is one of every world citizen’s fundamental rights [2] . 

owever, ensuring access to quality healthcare services has had its 

oll over the last decades, with a significant health expenditure in- 
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rease [3] . Indeed, demographic shifts, increasing life expectancy, 

omplex and chronic diseases, expanding coverage of public health 

ervices, and technological improvements are some of the reasons 

or this escalation [4] . Furthermore, the inefficient management of 

esources by governments and healthcare institutions, and even 

heir workforce are also determinants to be reckoned [5] . 

In 2015, as part of its Sustainable Development Goals’ agenda, 

he United Nations declared its ambition to achieve universal 

ealth coverage by 2030: all people and communities should re- 

eive the quality services they need, being protected from health 

hreats, regardless of their capacity to pay [6] . Nevertheless, it is 

ital to guarantee universal access to healthcare and to ensure that 

t follows safe and appropriate guidelines to provide quality health 

are [7] , particularly nowadays with the COVID-19 ( Sars-Cov-2 ) 

andemic threatening our way of life and emphasizing pre-existing 

ystemic issues [8] . One may think that the lack of quality health 

ervices only occurs in emerging countries. Nonetheless, the Orga- 

ization for Economic Co-operation and Development (OECD) con- 
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luded that 15% of all hospital costs in OECD nations resulted from 

f patient harm from adverse events [9] . 

The scarcity of resources to allocate to healthcare is a reality, 

lthough the needs are virtually unlimited. Thus, increasing health 

xpenditure raises issues related to the system’s financial sustain- 

bility and equity in accessing healthcare [10] . It can be seen as 

n optimization problem where it is necessary to reduce costs 

ithout compromising quality, i.e. , to minimize costs while guar- 

nteeing the health system’s financial sustainability and providing 

uality healthcare to its users [11] . As one of the main healthcare 

roviders, hospitals find it essential that their quality of health- 

are is assessed to propose the adoption of the possible best prac- 

ices. Accordingly, in this paper, we conduct a study concerning the 

uality assessment of the Portuguese public hospitals – the prime 

esponsible for more than 50% of the Portuguese public health ex- 

enditure [12] . 

Moreover, the Portuguese Constitution, which grounds and gov- 

rns the Portuguese State’s principles and organization, declares: 

ny Portuguese citizen has the right to health protection and the 

uty to defend and promote it. The right to access health is en- 

ured through a National Health Service (SNS, from the Portuguese 

bbreviation of Servio Nacional de Sade ). SNS aims to promote ap- 

ropriate and equitable care, tendentiously free to its citizens. SNS 

s one of the oldest national services globally, but it is not meeting 

he needs of its users [13] . 

In 2018, 9.4% of Portugal’s gross domestic product (GDP) was 

evoted to health, 1 more than the OECD average (8.8%). 2 Despite 

he attempts to maintain the investment in the systems, the SNS 

s struggling to accomplish its goals in a sector full of new and 

omplex challenges, such as aging, population growth, and chronic 

llnesses and comorbidities [14] . Policymakers and healthcare man- 

gers have been applying measures to improve efficiency, mostly 

ia cost containment, which must never compromise the quality of 

he provided services, and, if possible, maximize them [15] . How- 

ver, the Portuguese public hospitals are funded based on contracts 

16] that do not bear in mind the quality of those services [17] . For

his reason, it is essential to assess their quality, making room for 

ncovering the effects of scarifying it and possibly setting bench- 

arks later to be inserted on funding. 

In the present case study, hospitals’ quality assessment is ac- 

omplished by using a multiple criteria approach due to the mul- 

idimensional nature of quality in health. Hence, to assess qual- 

ty over its full extent, this study is supported by a Multiple Cri- 

eria Decision Aiding (MCDA) method – Electre Tri-nC [18] . This 

ethod allows the assignment of each hospital under analysis to 

 category while considering a set of criteria to assess its per- 

ormance. It is also necessary to construct at least one reference 

ospital to define each category, i.e., a hospital representing that 

ategory. Preference parameters like weights have to be attributed 

o the criteria for constructing a decision model according to the 

ecision-maker (DM) preferences. The preference information is 

athered through a decision aiding process involving the interac- 

ion between the analyst and the DM. 

Quality in health is, in general, modeled through the use of var- 

ous indicators that can be used to form a family of criteria. It 

s necessary to study indicators, criteria, and all the variables re- 

ated to health in the interest of conducting an appropriate evalua- 

ion. We use the hospital benchmarking database of the Portuguese 

entral Health System Administration (ACSS), which provides the 

ey performance indicators regarding most hospitals of the SNS. 

hus, in this case, as it happens in several multiple criteria deci- 
1 https://www.pordata.pt/en/Europe/Health+expenditure+as+a+percentage+of+ 

DP-1962 , accessed November 02, 2020 
2 https://data.oecd.org/healthres/health-spending.htm , accessed November 02, 
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2 
ion situations, a criterion can involve a multidimensional descrip- 

ion denoted by a logical group of indicators or subcriteria. In fact, 

t the beginning of this work, a thorny decision tree has been built 

nd two possible approaches were considered: constructing crite- 

ia or applying a hierarchical method. 

A hierarchical-based method, as in [19,20] , could also be an al- 

ernative to our problem. However, it is less adequate for our case 

tudy since an active intervention of the DM is not wholly possi- 

le and her/his expressed willingness to participate in the process 

f selecting the criteria and constructing their qualitative scales 

rom the subcriteria. The DM also specified that a qualitative scale 

or each criterion should be used, to consider both qualitative and 

uantitative aspects conjointly. Besides, imperfect data character- 

stics and arbitrariness may affect the construction of the criteria’ 

cales, and compensatory effects are not suitable for this analysis. 

ince in a hierarchical method non-compensatory effects and the 

mperfect knowledge of the data cannot be taken into account, we 

ave decided to discard the hypothesis of using a method of this 

ind. 

The following approaches have been developed to construct a 

ultidimensional criterion scale that accounts the (qualitative or 

uantitative) scales of the subcriteria: 

1. The constructed attributes procedure by [21] for designing 

constructed attributes from a set of natural attributes (those 

having a common interpretation to everyone). The con- 

structed attribute levels are obtained through a value model 

by considering combinations of levels of the natural at- 

tributes. 

2. The systematic procedure for building multidimensional 

scales based on the concept of factorial design developed by 

[22] to build a scale. The possible combinations of all levels 

of the various dimensions are identified. Implausible combi- 

nations must be eliminated and plausible combinations rep- 

resenting a similar impact-level have to be considered at the 

same scale level. The number of combinations can be re- 

duced by applying a two-dimensions-at-a-time fractional de- 

sign technique [23] successively. 

3. The determinants procedure proposed by [24] , which is based 

on the sequential application of a set of key rules. These 

rules can be summed up as follows: (i) Define, for each sub- 

criterion, two reference levels, called satisfactory and neu- 

tral; (ii) Assign, to each characteristic, a label (determinant, 

important, or secondary); and (iii) Define, for each subcri- 

terion, the good level, when all determinant characteristics 

are satisfactory and the majority of important characteristics 

are satisfactory; and, the neutral when the majority of de- 

terminant and essential characteristics are neutral, without 

any negative. 

The procedures described above can be used for both, qualita- 

ive and quantitative attributes. In general, these procedures con- 

ider many combinations. The analysis of all those combinations 

ay require a tremendous cognitive effort from the DM or may 

ot even be manageable when a combinatorial explosion occurs. 

 new more adequate procedure should be developed for our cir- 

umstances. 

Due to our case’s specific characteristics, we propose a new 

echnique/procedure for building a multidimensional scale. It con- 

titutes an innovative aspect of our work and it is mainly due to 

he following reasons: (i) The participation of the DM was a cru- 

ial aspect in the construction of the criteria scales; in fact, the DM 

xpressed the intention of actively collaborating during the pro- 

ess of building the criteria scales, providing additional informa- 

ion, and sharing the knowledge and preferences about the dimen- 

ions used for assessing the quality of the Portuguese hospitals; (ii) 

uring the interaction with the DM, we considered that a qualita- 

https://www.pordata.pt/en/Europe/Health+expenditure+as+a+percentage+of+GDP-1962
https://data.oecd.org/healthres/health-spending.htm


A. Rocha, A.S. Costa, J.R. Figueira et al. Omega 105 (2021) 102505 

t

d

(

k

p

m

s

p

c

i

a

W

r

m

o

a

k

s

t

p

q

c

s

w

m

t

a

s

r

2

s

m

b

M

S

p

a

s

l

s

t

e

h

i

c

t

o

i

w

t

q

t

S

o

i

s  

i

i

p

a

u

f

d

c

a

b

fi

t

i

i

[

o

l

d

s

c

b

c

s

k

b

e

c

h

t

c

o

A

r

a

i

q

T

w

v

q

c

c

t

l

i

r

p

[

m

p

a

m

r

s

o

t

r

i

a

[

d

k

v

ive scale for each criterion was the most adequate to model the 

ifferent (quantitative and qualitative) aspects of the problem; and 

iii) The qualitative scales should take into account the imperfect 

nowledge of the data; for such a reason, we needed to create a 

essimistic and an optimistic scale for each criterion. 

In line with the previous innovative aspects, we propose to 

ake use of the Electre Tri-C outranking method to build the 

cales of each criterion. It is used in a co-constructive interaction 

rocess between the analyst and the DM, and can take into ac- 

ount both the quantitative and the qualitative nature of data, the 

mperfect character and arbitrariness of the data. In addition, it is 

 powerful tool for avoiding the systematic compensatory effects. 

e developed this innovative approach to aggregate the subcrite- 

ia scales to construct criteria scales by using the Electre Tri-C 

ethod [25] , which differs from Electre Tri-nC , since it uses only 

ne reference per category. 

Therefore, the objectives of this work are as follows: (i) Create 

 criteria tree (with criteria and respective subcriteria) based on 

ey performance indicators; (ii) Construct the criteria scales to as- 

ess the performances of the hospitals based on the assessment of 

he hospitals on the subcriteria, using Electre Tri-C as a novel ap- 

roach; and (iii) Conceive a decision model to assess the overall 

uality of the Portuguese public hospitals, using Electre Tri-nC . 

This paper is organized as follows. Section 2 introduces the con- 

ept of quality in healthcare services and the approaches for as- 

essing that. Section 3 describes the case study addressed here, 

hich is related to the Portuguese public hospitals’ quality assess- 

ent. Section 4 is devoted to the presentation and discussion of 

he main results of the study. Section 5 performs a robustness 

nalysis and discusses its results. Section 6 presents managerial in- 

ights. Section 7 provides concluding remarks and suggests future 

esearch lines. 

. Quality in healthcare services 

Hospitals must provide ’services to citizens seeking healthcare 

ervices’ to improve their quality of life. Healthy citizens are likely 

ore productive, meaning that public investments in health should 

oost national economies. According to the American Institute of 

edicine, those services delivered by hospitals must be [26,27] : (i) 

afe for both the patient and the practitioner; (ii) Centered on the 

atient, i.e. , based on evidence, guideline, and scientific knowledge, 

nd, therefore, appropriate; (iii) Effective in the sense that health 

tatus’ improvements are fully attained; (iv) Equitable, i.e. , simi- 

ar health conditions/situations demand similar treatments and re- 

ources allocation; (v) Accessible and timely; and (vi) Efficient, i.e. , 

he most significant health improvements are achieved at the low- 

st cost. 

These six domains are generally used to define the quality of 

ealthcare. Furthermore, in ethical terms, any medical and nurs- 

ng care act should focus on four main principles [28] : (i) Benefi- 

ence, i.e. , do good; (ii) Non-maleficence, i.e. , do no harm; (iii) Jus- 

ice, with equitable and fair resources allocation; and (iv) Auton- 

my, i.e. , the patient has free-will. 

It is interesting to note that these ethical principles still figure 

n the Corpus Hippocraticum that embodies the physician’s ideal 

ith the medical profession’s ethical and moral values. Based on 

hose four principles and the six domains featuring healthcare 

uality, we can formulate a framework and construct a set of cri- 

eria to assess the hospitals’ quality performance. 

Safe care is free from errors and preventable adverse effects. 

ince Dame Florence Nightingale has first introduced the concepts 

f preventable harm and first, not harm [29] , patient safety has been 

n the core of quality. Medical and nursing act frequently entails 

ome risks to the patient [30] , and such a risk arises with the

llness’s complexity and severity. Adverse effects like bloodstream 
3 
nfections and postoperative pulmonary embolisms can be either 

reventable or not [31] . Unless unpreventable and unpredictable, 

dverse effects result from care errors and, for that reason, can be 

nderstood as lack of care safety. These situations have a meaning- 

ul impact on society: patients’ physical/psychological discomfort, 

issatisfaction, and loss of trust in the healthcare system, health- 

are staff frustration, loss of productivity and households’ income, 

nd wasted financial resources due to the additional care needed 

y error. Therefore, patients’ safety is unquestionably a criterion to 

gure in any hospital performance assessment [32] . Because of the 

remendous costs associated with medical errors ($735-980 billion 

n US, see [33] ), safer care, with fewer patients harmed or injured, 

s less expensive care, thus better, more efficient, and less wasteful 

34] . 

Besides safety, medical acts must be appropriate, i.e. , centered 

n the patient, non-discriminatory, and based on evidence guide- 

ines and existing scientific knowledge [35] . Although some proce- 

ures may not harm the patient, if they are not recognized by the 

cientific knowledge ruling the traditional medicine, they are not 

onsidered appropriate care [36] . Hence, this kind of act should 

e avoided, and appropriateness should be a performance-based 

riterion [37] . At this point, attention should be paid to cesarean 

ections. There is an increasing worldwide need to reduce this 

ind of deliveries [38] . refer that sections’ cesarean rates should 

e mitigated, especially in the categories of prior cesarean deliv- 

ry and dystocia (obstructed labor). Meanwhile, [39] mentions that 

esarean sections are associated with maternal and neonatal in- 

ospital complications. For instance, an increased maternal infec- 

ion rate, a more extended period of healing, and potential compli- 

ations in subsequent pregnancies, as well as transient tachypnea 

f the newborn and persistent pulmonary hypertension on infants. 

ccording to [40] , clinical guidelines are useful to reduce those 

ates and, for that reason, to deliver appropriate care to the mother 

nd the fetus. In the same vein, [41] conclude that the reduction 

n (nulliparous term singleton vertex) cesarean deliveries results in 

uality improvements. 

The equity of access to healthcare is another quality dimension. 

here is great inconsistency in definitions of equity [42] . However, 

e may define it as the system’s ability to deliver healthcare ser- 

ices to any citizen at their/his will and if required [43,44] . The 

uality of the provided service should not depend on the patients’ 

haracteristics. Missing resources and some barriers (either physi- 

al, organizational, or psychographic) make services less accessible 

o the users. An accessible health care service exhibits acceptable 

evels of resources per (potential) user or per demanded care act; 

s located near users; charges fair fees per medical/nursing act cor- 

esponding to the users’ willingness to pay; handles its patients 

romptly; and presents short waiting lists and short waiting times 

45,46] . 

Efficient services should obtain the best health outcomes at the 

inimum possible cost [47] . However, in several cases, health care 

roviders are technically efficient because they divest on safety, 

ppropriateness, and access to reduce operating costs and invest- 

ents. It poses problems to the health care system: while it should 

emain financially sustainable, it also must deliver the best pos- 

ible care. Therefore, trade-offs may exist between efficiency and 

ther quality dimensions in healthcare [36] , and, for that reason, 

he efficiency of resource utilization should be a particular crite- 

ion. 

Avedis Donabedian, author of the remarkable paper Evaluat- 

ng the Quality of Medical Care [48–50] , defines effectiveness 

s the degree to which attainable health improvements are realized 

47] . Meanwhile, the Agency for Healthcare Research and Quality 

efines it as the capacity of providing services based on scientific 

nowledge to all who could benefit and refraining from providing ser- 

ices to those not likely to benefit (avoiding under-use and misuse, 
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espectively) ”. It means that effectiveness results from safe, appro- 

riate, timely, accessible, and efficient care. 

. Case study: Constructing the decision model 

In this section, we start by providing an overview of the case 

tudy. Then, we present the methods and describe the data sets 

sed in this study. In the next subsections, we detail the decision 

odel’s construction, namely the criteria, categories, and parame- 

ers. 

.1. Description of the study 

The Portuguese SNS was implemented in 1979 after the tran- 

ition between political regimes. The system is mainly based on 

he Beveridge model. The Portuguese Government is responsible 

or ruling and financing primary and secondary public health- 

are providers. These public entities are sustained predominantly 

hrough public taxes distributed from an annual and global budget. 

he SNS is a statutory instrument for ensuring the right to health 

rotection under the Constitution of the Portuguese Republic. The 

rimary goal of SNS is to provide appropriate and equitable care to 

ts beneficiaries (all Portuguese citizens), being tendentiously free. 

Over the last decades, there has been an increase of pressure 

n the system through different factors: demographic shifts, new 

rugs and technologies due to the emergence of increasingly com- 

lex diseases and chronic diseases, an increase of life expectancy, 

nd advances in technology, being thus of limited access. Due to 

hese events, the health expenditure in Portugal is rising. For in- 

tance, the health expenditure per capita is approximately € 1500, 

ne of the highest in the European Union. It compromises the fi- 

ancial sustainability of the SNS [15] . Thereby, it is essential for the 

erformance evaluation of all entities belonging to the SNS. This 

ase study centers on hospitals as they consume more than half of 

he national budget allocated to health. 

Hospital performance criteria must reflect the quality of the 

ervices provided. Thus, the problem of evaluating their perfor- 

ance levels arrives when neither the concept of efficiency is clear, 

or the criteria used for that reflect correctly the quality of the 

rovided services [51] . Therefore, it is requested a detailed study 

bout the quality of the SNS entities, which is possible through 

uilding an MCDA model. Note that this model must present a 

on-compensatory character to represent quality better. Accept- 

ble performance levels in a criterion should not compensate for 

eak performances in other criteria, especially if we look to life- 

hreatening events caused by poor care. The lack of patient safety 

esulting in death cannot be compensated by other criteria [52] . 

ikewise, an efficient hospital should not be considered a bench- 

ark if the medical practice within is not well-conducted or cen- 

ered on the patient or makes available all necessary resources for 

he patient’s healing. 

In the present study, we propose an MCDA approach to as- 

ess the hospitals quality performance through the construction 

f an Electre Tri-nC model. The DM asked us to create a scale 

ith qualitative levels for each criterion. Such a scale was con- 

tructed from the set of subcriteria of each criterion through a 

orting method. The objective was to provide an assessment of 

ach hospital’s quality regarding the different criteria, separately. 

fter this, the DM required an aggregation of those performance 

evels into an overall assessment in terms of a composite qualita- 

ive indicator. The DM considered that the available methods were 

ot adequate for such a purpose. In opposition, the Electre Tri-nC 

ethod allows fulfilling that goal, by providing a classification for 

ach hospital in terms of quality level. It is assumed that such a 

odel is co-constructed through the interaction between the an- 

lyst(s) and the focus group or, in this case, the DM. This coop- 
4 
ration eases gathering preference information, as well as under- 

tanding the reasoning and subjectivity associated to the opinions 

f the stakeholders, who participate in the focus group. 

The DM that accompanied and cooperated in this study is a for- 

er expert from the Ministry of Health, who possesses know-how 

n the healthcare sector and performance assessment, adding to his 

nowledge in health policy-making and administration. This study 

as conducted during several interactive sessions with the analyst 

nd the DM, who expressed his perceptions and preferences re- 

arding the decision situation here addressed. 

As previously mentioned, the possibility of an interplay be- 

ween the analyst and the DM was a prerequisite for the DM. In- 

eed, the DM participated and accompanied the whole decision 

iding process for building the model. In general, the process took 

lace in an easy way, since the DM has experience with MCDA 

ethods and a deep knowledge of the healthcare system. 

.2. Methods 

In this study, the DM created, with our help, a criteria tree 

ased on five criteria (and some subcriteria for each criterion) 

haracterizing both the activity and the quality of each hospital. 

e propose a new approach for constructing the criteria scales 

ased on those indicators, in order to assess the hospitals perfor- 

ance levels on each criterion. We need to consider such criteria 

evels and build a decision model aiming to assess the overall qual- 

ty of the Portuguese public hospitals. 

We used two sorting methods to deal with the assessment of 

he Portuguese Public Hospitals in terms of overall quality: 

1. Electre Tri-C [25] , which constructs the scales of the crite- 

ria used to assess the performances of those hospitals; and 

2. Electre Tri-nC [18] for the ultimate goal of assigning each 

hospital to an ordered category of quality, while a set of cri- 

teria and preference parameters are considered. These cate- 

gories are defined through characteristic reference actions. 

Electre Tri-nC is a generalization of Electre Tri-C , since the 

ormer imposes no constraints for the number of reference actions 

er category [18] . Electre Tri-nC allows the DM and the analyst to 

o-construct the decision process and characterize the categories 

ith paramount freedom comparatively to Electre Tri-C . A brief 

escription is provided in Appendix A . 

Both methods use the following set of elements, data and pa- 

ameters, for constructing a model with the DM: 

1. Actions: They are the objects of the decision under evalua- 

tion that will be assigned to the categories. 

2. Criteria: They are constructed based on different points of 

view for assessing the actions’ performances. A qualitative 

or quantitative scale composed of various performance lev- 

els have to be established. Also a preference direction, i.e. , 

minimize (the lower the level, the better) or maximize (the 

greater the level, the better), has to be chosen. 

3. Performance table: It contains all actions’ performances on 

the criteria. 

4. Categories: They are predefined and preferentially ordered 

to receive the actions according to the model. 

5. Reference actions: A set of reference actions (or a single one, 

in the case of Electre Tri-C ) are defined to represent each 

category. 

6. Weights: A weight is associated with each criterion to rep- 

resent its relative importance among the criteria. 

7. Veto threshold: It is associated with a criterion aiming to 

increase the power of such a criterion; it reinforces the non- 

compensatory character of the methods by the application 

of a veto power. 
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Table 1 

Hospitals considered in the case study. 

Action Code Name 

a 1 CHMA Centro Hospitalar do Médio Ave 

a 2 CHPV Centro Hospitalar Póvoa de Varzim/Vila do Conde 

a 3 CHBM Centro Hospitalar Barreiro/Montijo 

a 4 CHL Centro Hospitalar de Leiria 

a 5 CHS Centro Hospitalar de Setúbal 

a 6 CHBV Centro Hospitalar do Baixo Vouga 

a 7 CHDV Centro Hospitalar Entre Douro e Vouga 

a 8 CHMT Centro Hospitalar Médio Tejo 

a 9 CHTS Centro Hospitalar Tâmega e Sousa 

a 10 CHUCB Centro Hospitalar Universite1~rio Cova da Beira 

a 11 HSO Hospital da Senhora da Oliveira, Guimãres 

a 12 HDS Hospital Distrital de Santarém 

a 13 CHTV Centro Hospitalar Tondela-Viseu 

a 14 CHTAD Centro Hospitalar Te1~rs-os-Montes e Alto Douro 

a 15 CHUA Centro Hospitalar Universite1~rio do Algarve 

a 16 CHVNG Centro Hospitalar Vila Nova de Gaia/Espinho 

a 17 HESE Hospital Espírito Santo de Évora 

a 18 HFF Hospital Fernando da Fonseca 

a 19 HGO Hospital Garcia de Orta 

a 20 CHLO Centro Hospitalar de Lisboa Ocidental 

a 21 CHUCB Centro Hospitalar e Universite1~rio de Coimbra 

a 22 CHULC Centro Hospitalar Universite1~rio de Lisboa Central 

a 23 CHUSJ Centro Hospitalar Universite1~rio de São João 

a 24 CHUP Centro Hospitalar Universite1~rio do Porto 

a 25 CHULN Centro Hospitalar Universite1~rio Lisboa Norte 
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8. Preference and indifference thresholds: These two parame- 

ters are used for modelling the imperfect character of the 

data from the computation of the performances attributed 

to the actions. 

9. Credibility level: This parameter represents the minimal de- 

gree of credibility, bearing in mind all criteria, to validate 

the outranking relation between an action and a reference 

action or a set of reference actions (it can be compared to 

the majority level in voting theory). 

In both methods, it is assumed that the DM participates in the 

ntegral decision aiding process, through guidance of the analyst, 

roviding her/his judgements and relevant information for defining 

he above-mentioned elements of the decision model. 

.3. Data processing 

This case study focuses on assessing the quality of the Por- 

uguese public hospitals and, for that, it is important that the data 

ere reliable and significant. The Central Administration of the 

ealth System in Portugal created and maintains a benchmarking 

atabase containing several operating data (key performance indi- 

ators) regarding most hospitals of the SNS. The main goal of this 

atabase creation was to increase the transparency of the opera- 

ions within the SNS. The benchmarking database is publicly avail- 

ble online. 3 The database contains information for many key per- 

ormance indicators, measured monthly during several years. 

The first task of data processing was selecting the time in- 

erval. Even though this study’s information in the benchmarking 

atabase already included data until September 2019, it was not 

vailable for many entities. Therefore, since the data from 2017 and 

018 were complete, we decided to use the data corresponding to 

hese years. This time lag does not contain significant technology 

hifts that would influence our results. Although the information is 

rovided by month, it is simple to produce the accumulated results 

er year and institution, allowing to compare the performance be- 

ween the two whole years. 

The second task of the data processing consisted of selecting 

he hospitals out of the forty-three institutions that initially com- 

osed the benchmarking database. The exclusion criteria were as 

ollows: 

1. Substantial missing data ( e.g. , public-private partnerships, 

smaller hospitals that do not provide one specific service); 

2. Specialized hospitals, with specific technologies of produc- 

tion ( e.g. , oncology centers, maternity), thus not comparable 

with the others; 

3. Vertically integrated hospitals, providing more than one 

level of health care (primary and secondary care). 

This data selection resulted in twenty-five institutions, contain- 

ng five hospitals and twenty hospital centers. In this case study, 

he hospitals to be included are the potential actions a m 

, m = 

 , . . . , 25 , detailed in Table 1 . Finally, after collecting all data, the

esult was twenty-five hospitals operating during 2017 and 2018. 

ll in all, this represents a 600-entry sample per year, therefore a 

otal of 1200-entry samples. 

.4. Construction of the criteria 

This subsection presents the family of criteria and their corre- 

ponding family of subcriteria. They were built based on the lit- 

rature review and discussed with the DM. We selected twenty- 

our indicators from the thirty-four indicators distributed in six 
3 http://benchmarking.acss.min-saude.pt 

5 
imensions proposed by the benchmarking database: Access, Per- 

ormance Assistance, Productivity, Economic-Financial, Safety, and 

olume and Usage (we discarded these six dimensions since each 

ndicator will be allocated to a subcriterion for being operational- 

zed). During the construction of the criteria family with the 

M, the criteria were easily validated. However, some subcriteria 

hanged from a family of criteria, some were merged, and others 

ere excluded. When it comes to attributing a subcriterion to a 

riterion, some are more direct; others request a more in depth 

nalysis and interaction with the DM. The resulting family of cri- 

eria considered for this assessment consists of five criteria, de- 

oted g n , for n = 1 , . . . , 5 . The set of criteria and subcriteria re-

ulting from the decisions taken are described below. The indicator 

hat operationalizes each subcriterion is also provided. 

1. Access (g 1 ) . This criterion models the system’s ability to pro- 

vide care services to any citizen if she/he demands or re- 

quires. It is expected that accessible health care services dis- 

play adequate levels of resources per user or per demanded 

care act to preserve or improve the citizens’ health status. 

It is a criterion to be maximized and should be modeled 

through a qualitative scale built from the following set of 

subcriteria: 

(a) First medical appointments timeliness (g 1 , 1 ) . An accessi- 

ble healthcare service handles its patients in a reasonably 

timely manner whenever required. In Portugal, there is a 

legislated maximum guaranteed time for the first med- 

ical appointments in hospitals that makes possible con- 

siderations about accessibility. This subcriterion should 

be: 

- Maximized; and 

- Modeled through the indicator rate of non-urgent first 

medical appointments performed in an adequate time 

- Number of first medical appointments executed in 

tolerable time per 100 first medical appointments. 

(b) Enrolled patient for surgery (g 1 , 2 ) . The reason for includ- 

ing this subcriterion in the access’s family is in line 

with the previous. It is a matter of time and the health- 

care service’s ability to deal with its surgical waiting list 

http://benchmarking.acss.min-saude.pt
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without compromising the maximum legislated time for 

surgery. This subcriterion should be: 

- Maximized; and 

- Modeled through the indicator rate of enrolled patients 

in the surgical waiting list within the guaranteed re- 

sponse time - Number of patients enrolled in the sur- 

gical waiting list within the guarantee response time 

per 100 patients enrolled in the surgical waiting list. 

(c) Occupancy of beds (g 1 , 3 ) . This subcriterion concerns the 

healthcare entities’ occupancy rate entirely related to its 

accessibility and equity of services. The number of hospi- 

tal beds provides a measure of the resources available to 

deliver services to inpatients. Beds must be maintained, 

staffed, and immediately available to use [53] . This sub- 

criterion should be: 

- Minimized (as it regards the difference between the 

real and the ideal occupancy rate); and 

- Modeled through the indicator occupancy rate - Rate 

that associates the number of days in acute beds and 

the number of available acute inpatient beds over 

time, i.e. , 100 ×hospital days/365 ×beds. According to 

the DM, the ideal value for the occupancy rate is 85%. 

The absolute of the difference to the excellent value 

was used to measure hospital performance. 

(d) Availability of doctors (g 1 , 4 ) . Access to medical care de- 

mands the existence of strong characters: the doctors. 

More doctors available imply less waiting time for a 

medical appointment, a surgery, or an emergency. Thus, 

this subcriterion represents well the access to the proper 

healthcare services, allowing timely care, and reducing 

patients’ dissatisfaction. This subcriterion should be: 

- Maximized; and 

- Modeled through the indicator doctors per 10 0 0 inhab- 

itants - Number of doctors in a hospital per 10 0 0 in- 

habitants in that hospital’s influence area. 

(e) Availability of nurses (g 1 , 5 ) . Regarding care delivery and 

quality, no less critical is the nurses’ presence, also fun- 

damental to provide accessible care [54] . This subcrite- 

rion should be maximized and modeled through the in- 

dicator. This subcriterion should be: 

- Maximized; and 

- Modeled through the indicator nurses per 10 0 0 inhab- 

itants - Number of nurses in a hospital per 10 0 0 in- 

habitants in that hospital’s influence area. 

2. Care Appropriateness (g 2 ) . This criterion models the abil- 

ity to deliver patient-centered care services supported by 

evidence-based guidelines or scientific knowledge [55] . It is 

expected that when following evidence-base guidelines, the 

intervention or service results in health benefits ( e.g. , in- 

creased life expectancy, improved functional capacity, and 

pain relief) exceeding the expected health risks ( e.g. , mor- 

tality, morbidity, and pain resulting from the intervention) 

by a wide fair enough margin to take the intervention or 

service worth doing. Whether the healthcare services are 

not appropriate we anticipate the resolution of the patient’s 

main problem, resulting in excessive staying delay, which 

can also result in other diseases appearances ( e.g. , pressure 

ulcers and hospital-acquired infections, unstable therapy at 

discharge, unsuitable postdischarge care and, of course, the 

last scenario, readmission of the patient) [55] . It is a cri- 

terion to be maximized and should be modeled through a 

qualitative scale built from the following set of subcriteria: 

(a) Minor surgeries appropriateness (g 2 , 1 ) . Some major surg- 

eries can be executed as minor procedures supported by 

clinical evidence without harming to the patient as a 
6 
subcriterion indicating for care appropriateness. This sub- 

criterion should be: 

- Maximized; and 

- Modeled through the indicator number of outpatient 

surgeries per 100 potential outpatient procedure - Num- 

ber of outpatient surgeries per 100 potential outpa- 

tient procedures. 

(b) Avoidable readmission prior 30 days after discharge (g 2 , 2 ) . 

It represents the result of inappropriate preparedness 

and postdischarge care. This subcriterion should be: 

- Minimized; and 

- Modeled through the indicator number of readmissions 

in 30 days after discharge per 100 inpatients - Number 

of patients readmitted within 30 days after discharge 

per 100 inpatient episodes. 

(c) Excessive staying delay (g 2 , 3 ) . It reflects the inadequacy of 

the provided care because more extended stays may re- 

sult in-hospital infections (septicemia) and pressure ul- 

cers. This subcriterion should be: 

- Minimized; and 

- Modeled through the indicator number of long-stay in- 

patients per 100 admissions - inpatients staying more 

than 30 days per 100 inpatient episodes. 

(d) Hip surgeries timeliness (g 2 , 4 ) . This subcriterion was first 

included in the Access family of criteria, but we included 

this subcriterion within the Appropriate Care criterion 

after a discussion with the DM. According to the DM’s 

vision, even though hip fractures, especially in elderly 

patients, represent a significant cause of morbidity and 

mortality, there is still no consensus about the proceed- 

ing’s optimal waiting time; however, it should round two 

days [53] . It is still difficult to identify whether the time- 

liness in this type of procedures conditions access or only 

patient’s health status specially unnecessary pain and for 

that reason in this study it is considered a measure of 

care appropriateness. This subcriterion should be: 

- Minimized; and 

- Modeled through the indicator number of hip surgeries 

performed in the first 48 hours per 100 hip surgeries - 

Number of hip surgical procedures on elderly, in the 

first 48 hours per 100 elderly patients with hip surg- 

eries. 

(e) Delay before surgery (g 2 , 5 ) . It concerns the time between 

the patient’s admission and the surgery. Also, this sub- 

criterion was first included in the Access criterion; yet, 

after a discussion with the DM, it included in the inclu- 

sion of this subcriterion in Care Appropriateness. The rea- 

son pointed out was the same as the previous subcrite- 

rion, bearing in mind whether timeliness conditions ac- 

cess patients’ health. Thus, the DM, decided to consider it 

a measure of care appropriateness because delaying surg- 

eries interferes with the medical guidelines. This subcri- 

terion should be: 

- Minimized; and 

- Modeled through the indicator average waiting time 

before surgery - Number of days until a surgical 

episode occurs per scheduled surgical episode. 

3. Patient safety (g 3 ) . This criterion models the absence of pre- 

ventable harm to a patient during health care and reduc- 

tion of risk of unnecessary harm associated with health 

care to an acceptable minimum. Therefore, it is expected 

that healthcare processes do not harm patients, not expos- 

ing them to chemicals, foreign bodies, trauma, or infectious 

agents. It is a criterion to be maximized and should be mod- 

eled through a qualitative scale built from the following set 

of subcriteria: 



A. Rocha, A.S. Costa, J.R. Figueira et al. Omega 105 (2021) 102505 

 

(a) Bedsores (g 3 , 1 ) . These episodes are preventable, result- 

ing in less harm or no harm to the patients. Therefore, 

bedsores’ presence indicates a lack of clinical safety, and 

should be minimized [56] . This subcriterion should be: 

- Minimized; and 

- Modeled through the indicator number of bedsores per 

100 inpatients . 

(b) Bloodstream infections related to central venous catheter 

(CVC) (g 3 , 2 ) . Any in-hospital infection is an avoidable 

harmful event, being directly related to poor clinical 

safety. This subcriterion should be: 

- Minimized; and 

- Modeled through the indicator bloodstream infection 

rate related to CVC per 100 inpatients . 

(c) Postoperative pulmonary embolisms or thrombosis (g 3 , 3 ) . 

Any of these events are highly fatal complications for 

patients during or after surgery [57] . This subcriterion 

should be: 

- Minimized; and 

- Modeled through the indicator postoperative pul- 

monary embolism/deep venous thrombosis cases per 100 

surgical procedures . 

(d) Postoperative septicaemia (g 3 , 4 ) . Septicemia or sepsis is a 

life-threatening condition triggered by an infection, re- 

sulting in tissues and organs’ injuries [58] . For instance, 

sepsis events mainly occur after surgery, leading to or- 

gan failure and death. Thus, it results from poor safety 

within the hospital (namely, in the operating theater and 

the ward). This subcriterion should be: 

- Minimized; and 

- Modeled through the indicator postoperative septi- 

caemia cases per 100 inpatients . 

(e) Non-instrumental vaginal deliveries with severe laceration 

(g 3 , 5 ) . During childbirth, patient safety can be assessed 

by bearing in mind the potentially avoidable tearing of 

the perineum during vaginal delivery [59] . Thus, vaginal 

lacerations are directly related to a lack of clinical safety. 

This subcriterion should be: 

- Minimized; and 

- Modeled through the indicator cases of trauma on 

vaginal delivery (third and fourth degree lacerations), 

without instrumentation, per 100 assisted deliveries . 

(f) Assisted vaginal deliveries with severe laceration (g 3 , 6 ) , in 

line with the previous subcriterion. Note that a per- 

ineal laceration risk is significantly increased when in- 

struments are used to assist the delivery [59] . This sub- 

criterion should be: 

- Minimized; and 

- Modeled through the indicator cases of trauma on 

vaginal delivery (third and fourth degree lacerations), 

with instrumentation, per 100 assisted deliveries . 

4. Efficiency (g 4 ) . This criterion models the system’s ability to 

achieve the objectives concerning the resources consumed 

( e.g. , labor and capital) to produce valued outputs ( e.g. , in-

patients and outpatients). The health care systems providers 

have a genuine interest in seeking out best practices and 

identifying room for improvement. However, there are some 

cases where those health care providers are technically effi- 

cient not because the best practices are being followed, but 

because they divest on safety, care appropriateness, and ac- 

cess to increasing the number of treated patients mitigat- 

ing the lack of investment. The health entities’ primary goal 

should be a financially sustainable management of resources 

and deliver the best care possible. Efficiency is a criterion to 

be maximized and should be modeled through a qualitative 

scale built from the following set of subcriteria: 
7 
(a) Expenses with staff (g 4 , 1 ) . Staff is an essential resource 

to deliver care. It includes doctors, nurses, ancillary staff, 

technicians, and administrative staff, to name a few. All 

have roles within the hospital value chain and take part 

in the patient healing process. For the sake of sustain- 

ability, any waste of resources, including staff, is to be 

minimized. This subcriterion should be: 

- Minimized; and 

- Modeled through the indicator expenses with staff per 

(complexity and severity adjusted) patient . 

(b) Expenses with drugs, pharmaceutical products, and clinical 

consumables (g 4 , 2 ) . It is worth to mention that the three 

types of expenses were being considered independently. 

However, with the DM’s endorsement, it was considered 

that data were far more complete in case the three types 

of costs were evaluated together. Nonetheless, they be- 

long to the efficiency domain, in which a careful manag- 

ing of the resources must be performed, and the (waste 

of) expense is to be minimized. This subcriterion should 

be: 

- Minimized; and 

- Modeled through the indicator expenses with drugs, 

pharmaceutical products, and clinical consumables per 

(complexity and severity-adjusted) patient . 

(c) Expenses with supplies and external services (g 4 , 3 ) . This 

subcriterion is directly related to efficiency since it de- 

mands careful management of the resources that ideally 

should be the minimum value without compromising the 

patients. This subcriterion should be: 

- Minimized; and 

- Modeled through the indicator Expenses with supplies 

and external services per severity-adjusted patient (de- 

scribes the value in euros of the expenses with sup- 

plies and external services per severity-adjusted pa- 

tient). 

(d) Expenses with overtime (g 4 , 4 ) . This subcriterion is di- 

rectly related to inefficiency, since the health profession- 

als work extra hours to fulfill an individual hospital en- 

tity’s needs. This subcriterion should be: 

- Minimized; and 

- Modeled through the indicator Expenses with overtime 

per total expenses with staff (represents the percentage 

of the value in euros of the expenses with overtime 

within the value of expenses with staff). 

(e) Expenses with outsourcing (g 4 , 5 ) . The need to require out- 

sourcing entities to fulfill specific hospital entity’s needs 

is linked to inefficiency. Beware that according to the 

DM, the cost per hour of outsourcing services in health 

is much upper than with overtime and, of course, new 

hires. This subcriterion should be: 

- Minimized; and 

- Modeled through the indicator Expenses with out- 

sourcing per total expenses with staff (shows the per- 

centage of the value in euros of outsourcing expenses 

within the value of expenses with staff). 

5. Caesarean Appropriateness (g 5 ) . This criterion models the 

ability to deliver patient-centered care services in caesarean 

sections supported by evidence-based guidelines. Although 

this criterion is related to Care Appropriateness , g 2 , the fact 

that it has its technology of production made us opt for sep- 

arating them. When medically justified, a caesarean section 

can effectively prevent and decrease maternal and perinatal 

mortality and morbidity. Neverthless, there is no evidence 

describing caesarean delivery benefits for women or infants 

who do not require the procedure. Caesarean sections can 

cause significant and sometimes permanent complications, 
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Table 2 

Performances of the reference hospitals per category for Care Appropriateness (g 2 ) . 

Category Performance Reference hospital Subcriterion 

g 2 , 1 g 2 , 2 g 2 , 3 g 2 , 4 g 2 , 5 

C 5 Very Good b 1 5 90.00 5.00 2.70 90.00 0.50 

C 4 Good b 1 4 85.00 6.50 3.20 80.00 0.60 

C 3 Neutral b 1 3 80.00 7.40 3.70 50.00 0.90 

C 2 Poor b 1 2 75.00 8.30 4.50 30.00 1.10 

C 1 Very Poor b 1 1 70.00 9.80 5.20 20.00 1.40 
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disability or even death, especially in situations related to 

lack of the facilities or capacity to properly conduct safe 

surgery and treat surgical complications [60] . Nonetheless, 

the rates of caesarean delivery have increased over time in 

nearly all OECD countries and globally, WHO reported that 

annually there is an overuse of ineffective care of more than 

six million caesarean sections [9,53] . It led us to consider 

Caesarean Appropriateness as a criterion, since its practice 

commits quality in cases where it is not medically justi- 

fied. It is a criterion to be maximized and will be modeled 

through a qualitative scale built from the following set of 

subcriteria: 

(a) Volume of caesarean sections (g 5 , 1 ) . According to the liter- 

ature, the performance of caesarean sections is related to 

inadequate care. This subcriterion should be: 

- Minimized; and 

- Modeled through the indicator Number of cesarean 

sections per 100 deliveries (is the percentage of ce- 

sarean deliveries in the universe of deliveries). 

(b) Caesarean sections in UCFTPs (g 5 , 2 ) . According to the lit- 

erature, the performance of caesarean sections in UCFTPs 

is related to inadequate care. This subcriterion should be: 

- Minimized; and 

- Modeled through the indicator Number of cesarean 

sections in UCFTPs per 100 sections in UCFTPs (repre- 

sents in percentage the number of cesarean sections 

in UCFTPs in the universe of deliveries). 

(c) First caesarean sections in UCFTPs (g 5 , 3 ) . According to the 

literature, the performance of the first caesarean sections 

in UCFTPs is related to inadequate care. This subcriterion 

should be: 

- Minimized; and 

- Modeled through the indicator Number of first ce- 

sarean sections in UCFTPs per 100 deliveries in UCFTPs 

without cesarean section before (rate of first cesarean 

sections in UCFTPs with no cesarean section before 

within the universe of deliveries). 

he description above is summarized in Table B.1 ( Appendix B ). 

.5. Criteria scales 

In this section the characteristics for each of the five criteria 

nd the twenty-four subcriteria are presented. When a criterion 

as more than one subcriterion, it is known as a built-in criterion. 

onsequently, there is a need for building scales to cover the mul- 

idimensionality of the criterion. Concerning our subcriteria, with 

he DM’s help, it was easy to create scales based on indicators’ 

cales. However, in what concerns the criteria, each of them has 

ore than two subcriteria (multidimensional), which is a signifi- 

ant problem to tackle in this case study. 

Although some approaches have been suggested through the 

ears to build scales combining multiple dimensions, none of them 

as applicable to our case. It arrives from the fact that each crite- 

ion aggregates several subcriteria and each of them has several 
8 
evels. There are multiple possible combinations to establish the 

evels of the subcriteria. We propose an innovative approach that 

ses the results of the application of the Electre Tri-C method to 

he subcriteria set (the DM was only able to define one reference 

ction per category) to define the levels for the criteria set. The 

ollowing steps have been followed for each criterion: 

1. Define the levels for all the subcriteria; 

2. Apply the Electre Tri-C method to assess the hospitals ac- 

cording to the set of subcriteria; 

3. Convert the categories assessed in the previous step to each 

action to a level between 1 and 5 on an ordinal scale, where 

level 1 is the minimum and level 5 is the best. As we de- 

fined five categories, this conversion is direct ( C 1 represents 

level 1, C 2 represents level 2, until C 5 that represents a level 

5), unless the Electre method had assessed an interval of 

categories. In the case of that, we decided to create a lower- 

level view and an upper-level view . The lower-level view cor- 

responds to the worst category of an interval of categories 

(minimum) attributed to action. The upper-level view corre- 

sponds to the best category of an interval of categories (or 

maximum) attributed to an action. Both these views can in- 

clude the cases where only one category was assigned to an 

action, presenting both the same category. 

Let us illustrate this procedure for the case of criterion Care Ap- 

ropriateness , g 2 . To obtain all twenty-five hospitals’ performances 

n the five criteria, consider the original performances of the re- 

pective subcriteria (corresponding to the levels assigned to the in- 

icators), we built five models with Electre Tri-C . The categories 

orrespond to the final criteria scale levels, as described in Step 

 above. Regarding criterion g 2 , in interaction with the DM, a set 

f reference hospitals (one per category) were defined by provid- 

ng the performances on the respective five subcriteria, displayed 

n Table 2 . 

A set of weights were assigned to the subcriteria using the pro- 

edure SRF described in Subsection 3.7.2 (for the case of the cri- 

eria). Thus, the values considered in the case under analysis are 

resented in Table 3 . 

Indifference and preference thresholds were considered for all 

he subcriteria (see Table B.12 ). The veto effect can be used for mit- 

gating compensation (i.e., avoiding systematic compensatory ef- 

ects) among some subcriteria [61] , but in this application the DM 

id not consider relevant the use of veto thresholds for the subcri- 

eria. In this case, the focus was on the construction of the scales 

f the five main criteria from the available data regarding the indi- 

ators/subcriteria. Defining the reference profiles and weights was 

elatively easy to the decision maker, due to his knowledge about 

he healthcare system and those indicators. However, at the crite- 

ia level (upper aggregation), the DM expressed that it was crucial 

hat the model presents a non compensatory character to better 

epresent quality, as good performances in a criterion do not com- 

ensate weak performances in other criteria, especially looking to 

ife threatening ones, where for instance a poor patient safety re- 

ulting in death cannot be compensated by other criteria. For the 

redibility level, the DM established λ = 0 . 60 . Taken into account 
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Table 3 

Weight attributed by the DM to each subcriterion of Care Appropriateness (g 2 ) . 

Criterion Subcriterion Non-normalized weight Normalized weight 

g 2 , Care 

Appropriateness 

g 2 , 1 7 26.92 

g 2 , 2 10 38.46 

g 2 , 3 7 26.92 

g 2 , 4 1 3.85 

g 2 , 5 1 3.85 

Table 4 

Assessment of the hospitals considering the subcriteria of g 2 ( Elec- 

tre Tri-C ). 

Hospital 2017 2018 

Minimum Maximum Minimum Maximum 

a 1 C 3 C 4 C 3 C 4 
a 2 C 3 C 4 C 3 C 4 
a 3 C 2 C 2 C 1 C 2 
a 4 C 3 C 3 C 4 C 4 
a 5 C 3 C 4 C 4 C 4 
a 6 C 3 C 4 C 3 C 4 
a 7 C 3 C 4 C 4 C 4 
a 8 C 3 C 3 C 2 C 2 
a 9 C 4 C 4 C 3 C 4 
a 10 C 1 C 2 C 2 C 3 
a 11 C 3 C 3 C 2 C 3 
a 12 C 2 C 3 C 3 C 3 
a 13 C 2 C 3 C 4 C 5 
a 14 C 4 C 4 C 4 C 4 
a 15 C 2 C 3 C 2 C 3 
a 16 C 2 C 3 C 3 C 4 
a 17 C 3 C 4 C 3 C 3 
a 18 C 1 C 2 C 4 C 4 
a 19 C 3 C 4 C 2 C 4 
a 20 C 2 C 3 C 3 C 3 
a 21 C 2 C 2 C 3 C 3 
a 22 C 2 C 3 C 3 C 4 
a 23 C 2 C 3 C 4 C 4 
a 24 C 3 C 3 C 5 C 5 
a 25 C 2 C 2 C 2 C 2 

Table 5 

Example of conversion from categories to viewpoint for three hospitals 

of criterion g 2 in 2018. 

Hospital Category Viewpoint 

Minimum Maximum Lower-level Upper-level 

a 2 C 3 C 4 3 4 

a 3 C 1 C 2 1 2 

a 4 C 4 C 4 4 4 
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ll data (25 hospitals and 5 categories) and parameters (references, 

eights, thresholds, and credibility level), the results of this Elec- 

re Tri-C model for g 2 were obtained using appropriate software 

MCDA-ULaval v0.6.16). That is, a category or a range of possible 

ategories was assigned to each hospital. 

Both the lower-level view and upper-level view have been con- 

idered for all criteria in the next steps (model construction). We 

tudied a scenario considering the performances based on a lower- 

evel view and another with performances based on an upper-level 

iew, using data from 2017 and 2018. Table 4 displays the hospi- 

als’ assessment considering the subcriteria of g 2 using the Elec- 

re Tri-C model described above. Table 5 shows the conversion of 

he assigned categories concerning criterion g 2 , in 2018, for four 

ospitals, where occurred the case of being assigned two possible 

ategories and, consequently, we attributed two viewpoints. 

The procedure proposed above was performed for all criteria. 

he five criteria are expressed on an ordinal scale with five lev- 

ls and they are to be maximized. The data related to the remain- 
9 
ng subcriteria used for constructing the criteria scales is shown 

n Appendix B . Tables B.2 and B.3 contain the performances of 

he hospitals on all subcriteria in the years of 2017 and 2018, 

espectively. Tables B.4–B.7 show the performances of the ref- 

rence actions. Tables B.8–B.11 present the subcriteria weights. 

able B.12 provides the discriminating thresholds associated to the 

ubcriteria scales. The data were obtained over several interactions 

ith the DM, who expressed the preferences and knowledge based 

n his experience and expertise. 

.6. Performance tables 

In this study, we use the performance tables presented in 

able 6 , corresponding to the hospitals’ assessment of the five cri- 

eria for the four considered scenarios and the scales previously 

onstructed (see Subsection 3.5 ). 

.7. Construction of the parameters 

This subsection describes the decision model constructed in in- 

eraction with the DM using the Electre Tri-nC method. The pa- 

ameters are related to the criteria previously defined, considering 

lready the final scale obtained by applying Electre Tri-C , as ex- 

lained in Subsection 3.5 . 

.7.1. Categories and their reference actions 

In line with the DM, a set of five categories to receive the hospi- 

als regarding quality was predefined as C 5 - Very Good, C 4 - Good, 

 3 - Neutral, C 2 - Poor, and C 1 - Very Poor. 

Later, based on the knowledge of the DM, we defined the refer- 

nce (dummy) hospitals for each category, as displayed in Table 7 . 

.7.2. Criteria weights and veto thresholds 

In order to determine the weights, we applied the Deck of Cards 

ethod based on the revised Simos procedure, also known by the 

ame of its original software SRF (from Simos-Roy-Figueira) [62] . 

t allows any DM to easily rank a set of criteria in a given con-

ext and provide the analyst the information needed to attribute a 

umerical value to each criterion’s weight. 

In general, the SRF procedure considers two phases: a meet- 

ng with the DM to gather all the information needed to apply the 

ethod and afterwards the calculation of each criterion’s weight. 

Regarding this case study, the procedure was applied as many 

imes as the number of existing families of criteria and subcriteria. 

t means one time for the criteria and five times for the subcriteria. 

In the first phase, we collected the necessary information for 

btaining the weight values with SRF, according to the DM’s ex- 

ertise, following the steps below. 

1. Firstly, we provided the DM a set of n cards, according to the 

n criteria, containing the criterions name previously defined 

and written on it; 

2. Secondly, we asked the DM to rank the cards (or crite- 

ria) provided in ascending order. It resulted in a hierarchy, 

where the first criterion was the least important (lowest 
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Table 6 

Performance tables for the years of 2017 and 2018 and respective viewpoints. 

Hospital 2017 2018 

Lower-level Upper-level Lower-level Upper-level 

g 1 g 2 g 3 g 4 g 5 g 1 g 2 g 3 g 4 g 5 g 1 g 2 g 3 g 4 g 5 g 1 g 2 g 3 g 4 g 5 

a 1 2 3 4 2 2 3 4 4 2 3 3 3 4 3 2 3 4 4 4 3 

a 2 4 3 5 1 3 5 4 5 1 3 4 3 5 2 3 5 4 5 2 3 

a 3 2 2 3 3 3 2 2 3 3 4 3 1 4 3 3 3 2 4 3 3 

a 4 2 3 5 4 2 2 3 5 4 2 2 4 5 3 2 2 4 5 3 2 

a 5 3 3 4 2 4 3 4 4 2 4 3 4 3 3 3 3 4 4 3 3 

a 6 2 3 3 3 3 2 4 3 3 3 2 3 3 3 3 2 4 3 3 3 

a 7 2 3 4 3 4 2 4 4 3 4 2 4 3 3 3 2 4 3 3 4 

a 8 2 3 3 2 3 2 3 4 2 3 2 2 5 1 3 2 2 5 2 3 

a 9 2 4 3 4 4 2 4 3 4 4 2 3 4 3 4 2 4 4 3 5 

a 10 2 1 1 2 2 3 2 1 2 2 3 2 3 1 2 3 3 3 1 2 

a 11 1 3 4 4 3 1 3 4 4 4 1 2 4 3 3 1 3 4 3 3 

a 12 2 2 4 2 3 2 3 4 2 3 2 3 3 1 3 2 3 3 2 3 

a 13 2 2 4 4 3 2 3 4 4 4 3 4 2 4 4 3 5 2 4 5 

a 14 2 4 3 3 2 2 4 4 3 2 2 4 4 3 1 2 4 4 3 2 

a 15 3 2 2 2 3 3 3 2 2 4 3 2 3 2 3 3 3 3 2 4 

a 16 3 2 3 4 2 3 3 3 4 2 3 3 3 3 3 3 4 3 3 3 

a 17 2 3 2 3 3 2 4 3 3 3 2 3 2 2 2 2 3 2 2 2 

a 18 1 1 1 3 2 1 2 1 3 3 2 4 2 3 3 2 4 3 3 4 

a 19 3 3 3 4 4 3 4 3 4 4 3 2 3 4 3 3 4 3 4 4 

a 20 3 2 2 4 3 3 3 2 4 4 2 3 2 4 3 2 3 2 4 3 

a 21 2 2 3 4 3 2 2 3 4 3 2 3 4 4 3 2 3 4 4 3 

a 22 3 2 3 3 3 3 3 3 3 3 3 3 2 3 3 3 4 2 3 3 

a 23 3 2 2 3 3 3 3 2 5 3 2 4 3 4 3 3 4 3 4 4 

a 24 2 3 3 3 3 2 3 3 5 3 3 5 3 5 3 3 5 3 5 3 

a 25 2 2 3 4 3 3 2 3 4 3 2 2 2 3 3 3 2 2 4 4 

Table 7 

Criteria performances of the reference actions per category. 

Category Performance Reference hospital Criterion 

g 1 g 2 g 3 g 4 g 5 

C 5 Very Good b 1 5 5 5 5 5 5 

b 2 5 5 4 5 4 5 

b 3 5 5 4 5 4 4 

C 4 Good b 1 4 4 4 5 4 5 

b 2 4 4 4 5 4 4 

b 3 4 4 4 4 4 4 

C 3 Neutral b 1 3 4 4 4 3 4 

C 2 Poor b 1 2 3 3 4 3 4 

b 2 2 3 3 3 3 3 

C 1 Very Poor b 1 1 3 2 3 2 3 

b 2 1 2 2 2 2 3 

b 3 1 2 2 2 1 3 

Table 8 

Ranking of the criteria. 

Card/#Blank cards g 3 0 g 2 1 g 1 3 g 5 3 g 4 Ratio- z

Position 5 4 3 2 1 10 

Table 9 

Weight attributed to each criterion. 

Criterion Non-normalized weight Normalized weight 

g 1 , Access 7.55 23.60 

g 2 , Care Appropriateness 9.18 28.69 

g 3 , Patient Safety 10.00 31.25 

g 4 , Efficiency 1.00 3.12 

g 5 , Caesarean Appropriateness 4.27 13.34 
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4 
weight), and the last was the most important (most signif- 

icant weight). In the case of criteria having the same im- 

portance (same weight), they were grouped. According to 

the ranking’s position, the cards were attributed to different 

ranks being the lowest level Rank 1, the second-lowest level 

Rank 2, etc.; 

3. Afterward, we asked the DM if there were any consecutive 

cards or groups of cards where the importance was greater. 

According to the difference between the rankings, the DM 

added a blank card (or more) between the consecutive card 

(or group of cards). In case no blank card was added, it 

meant the difference of two consecutive levels was one unit, 

one blank card meant the difference of importance was two 

units, and so on; 

4. In the last step, we asked the DM, how many times the 

criterion/criteria presented in the most important position, 

was/were more important than the criterion/criteria present 

in the least significant position. The result was described by 
a numerical value called the ratio- z [62] . 

10 
Table 8 illustrates the ranking constructed by the DM and the 

espective value of ratio- z. In case of existence, blank cards were 

umerically represented between two consecutive ranking levels, 

umerically ordered (1 stands for the least important position). 

In the second phase of the procedure, we used the DecSpace 

latform 

4 to execute the DCM-SRF method. The data previously 

ollected was inserted, namely the criteria name, the ranking of 

he criteria cards, the blank cards, and the ratio- z. 

As output, the values of the non-normalized weights and nor- 

alized weight were provided, as presented in Table 9 . 

The DM felt relevant to assign values to the veto threshold ( v j )
o Patient Safety and Care Appropriateness criteria, mainly due to 

he importance of both assuming when evaluating healthcare qual- 

ty, which reinforces the importance of both criteria in a quality 

ssessment and the non-compensatory character of the method, as 

hown in Table 10 . 
Available at http://decspace.sysresearch.org 

http://decspace.sysresearch.org
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Table 10 

Veto thresholds attibuted to the 

criteria. 

g 1 g 2 g 3 g 4 g 5 
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.7.3. Preference and indifference thresholds 

In the present case, we did not establish values for the prefer- 

nce and indifference thresholds. These technical parameters were 

efined in the construction of the criteria scales based on the sub- 

riteria scales using our innovative approach. However, they were 

ot considered in the case study itself. The reason is twofold: the 

riteria scales have a few levels, and the imperfect knowledge is al- 

eady modeled by considering two possible viewpoints (the lower- 

evel view and the upper-level view). 

.7.4. Credibility level 

Regarding the credibility level, we started by explaining to the 

M that this parameter should take a value greater than 0.5 and 

ower or equal to 1. We explained that it could be viewed as a 

ajority measure for validating the outranking relation between a 

ospital and a reference hospital. Thus, initially, the DM expressed 

ome hesitation for choosing a value within the range [0.55,0.65], 

nd, in the end, the DM validated the credibility level with a value 

f 0.60. He considered it as an adequate value for this decision sit- 

ation. As previously stated, λ = 0 . 60 was also used in the applica-

ion of Electre Tri-C for constructing the criteria scales based on 

he subcriteria information (explained in Section 3.5 ). 

. Results 

This section is devoted to the analysis and discussion of the re- 

ults of our decision model. We describe the construction of an 

utranking relation and analyze its exploitation, and discuss the 

ain achieved results. 
Table 11 

Categorical credibility indices between the hospita

the lower-level view of 2018. 

Hospital σ (a, B h ) 

B 1 B 2 B 3 B 4 B 5 

a 1 1.00 1.00 0.87 0.63 0.31

a 2 1.00 0.97 0.83 0.84 0.84

a 3 1.00 0.71 0.00 0.00 0.00

a 4 0.87 0.63 0.63 0.60 0.60

a 5 1.00 1.00 0.87 0.60 0.27

a 6 1.00 0.76 0.31 0.27 0.13

a 7 1.00 0.76 0.45 0.42 0.24

a 8 1.00 0.40 0.00 0.00 0.00

a 9 1.00 0.76 0.76 0.73 0.42

a 10 0.87 0.84 0.14 0.00 0.00

a 11 0.76 0.76 0.26 0.23 0.00

a 12 1.00 0.73 0.00 0.00 0.00

a 13 1.00 0.69 0.69 0.27 0.00

a 14 0.87 0.63 0.63 0.60 0.27

a 15 1.00 0.97 0.29 0.06 0.03

a 16 1.00 1.00 0.55 0.27 0.13

a 17 0.87 0.27 0.00 0.00 0.00

a 18 1.00 0.76 0.45 0.42 0.24

a 19 1.00 1.00 0.69 0.45 0.27

a 20 1.00 0.45 0.01 0.01 0.00

a 21 1.00 0.76 0.26 0.26 0.01

a 22 1.00 0.69 0.41 0.13 0.00

a 23 1.00 1.00 0.69 0.45 0.27

a 24 1.00 1.00 0.55 0.31 0.16

a 25 1.00 0.33 0.00 0.00 0.00

11 
.1. Analysis of the construction of an outranking relation 

The objective of the model’s execution is to assign the actions 

o one of the five categories previously defined. This assignment 

roceeds to the establishment of the outranking relations. Elec- 

re Tri-nC builds one or more outranking relations that consider 

ach action’s performance on each criterion. These relations en- 

ble to state whether an action a , is preferred to an action b, de-

oted aSb, in case there are enough arguments to decide that a is 

t least as good as b according to a criterion g j . The credibility in-

ex measures these relations’ credibility, σ , and when considering 

 set of reference actions, it is called a categorical credibility index 

18] (see A.4 ). 

In our case, we used the software MCDA-ULaval v0.6.16 to ob- 

ain the assignment results. The software also provides those cate- 

orical credibility indices. In what follows, for the sake of simplic- 

ty, we only analyze the results for the lower-level view of 2018. 

able 11 shows the corresponding categorical credibility indices. 

While observing this table, we can quickly notice the presence 

f outranking relations justified by categorical credibility indices 

qual to 1, σ (a, B h ) = 1 or σ (B h , a ) = 1 . Other important conclu-

ions regarding the categories are described below: 

1. Most potential actions denote categorical credibility equal or 

close to one for the case σ (a, B 1 ) . In other words, the ma-

jority of the potential actions demonstrated an outranking 

relation over B 1 ; therefore, that set of potential actions are 

at least as good as the B 1 reference action set. This observa- 

tion sustains the fact that C 1 is the worst category from the 

existing five; 

2. The opposite happened for C 5 as expected: the category 

demonstrated an outranking relation over all the potential 

actions, σ (B 5 , a ) = 1 , ∀ a . It sustains the fact that C 5 is the

best category from the existing five. 

Concerning the comparison between the credibility level λ and 

he categorical credibility indices σ that allows establishing one 

f the four λ-binary relations (see A.4 ): (a) λ-outranking, (b) λ- 

reference, (c) λ-indifference, and (d) λ-incomparability. The com- 
ls and the subsets of reference actions for 

σ (B h , a ) 

B 1 B 2 B 3 B 4 B 5 

 0.00 0.68 0.97 1.00 1.00 

 0.00 0.08 0.45 0.76 1.00 

 0.66 1.00 1.00 1.00 1.00 

 0.00 0.34 0.69 1.00 1.00 

 0.00 0.71 1.00 1.00 1.00 

 0.00 0.71 1.00 1.00 1.00 

 0.00 0.71 1.00 1.00 1.00 

 0.69 0.69 0.69 1.00 1.00 

 0.00 0.58 0.87 0.87 1.00 

 0.71 1.00 1.00 1.00 1.00 

 0.29 1.00 1.00 1.00 1.00 

 0.71 1.00 1.00 1.00 1.00 

 0.00 0.00 0.55 0.58 1.00 

 0.00 0.71 1.00 1.00 1.00 

 0.58 1.00 1.00 1.00 1.00 

 0.00 0.71 1.00 1.00 1.00 

 0.71 1.00 1.00 1.00 1.00 

 0.00 0.71 1.00 1.00 1.00 

 0.00 0.68 0.97 1.00 1.00 

 0.68 0.97 0.97 1.00 1.00 

 0.29 0.97 0.97 1.00 1.00 

 0.00 0.71 1.00 1.00 1.00 

 0.00 0.68 0.97 1.00 1.00 

 0.00 0.00 0.68 0.68 1.00 

 0.84 0.97 0.97 1.00 1.00 
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Table 12 

Assignment results for the years of 2017 and 2018 and respective viewpoints. 

Hospital 2017 2018 

Lower-level Upper-level Lower-level Upper-level 

Min. Max. Min. Max. Min. Max. Min. Max. 

a 1 C 2 C 2 C 2 C 3 C 2 C 2 C 2 C 4 
a 2 C 3 C 4 C 4 C 5 C 3 C 3 C 4 C 5 
a 3 C 1 C 1 C 1 C 1 C 1 C 1 C 1 C 2 
a 4 C 2 C 2 C 2 C 2 C 3 C 3 C 3 C 3 
a 5 C 2 C 3 C 2 C 4 C 2 C 2 C 2 C 3 
a 6 C 1 C 2 C 2 C 2 C 1 C 2 C 2 C 2 
a 7 C 2 C 2 C 2 C 4 C 2 C 2 C 2 C 2 
a 8 C 1 C 2 C 2 C 2 C 1 C 1 C 1 C 1 
a 9 C 2 C 2 C 2 C 2 C 2 C 2 C 3 C 4 
a 10 C 1 C 1 C 1 C 1 C 1 C 1 C 1 C 2 
a 11 C 2 C 2 C 2 C 2 C 1 C 1 C 2 C 2 
a 12 C 1 C 1 C 2 C 2 C 1 C 2 C 1 C 2 
a 13 C 2 C 2 C 2 C 2 C 2 C 3 C 3 C 4 
a 14 C 1 C 1 C 2 C 3 C 2 C 3 C 2 C 3 
a 15 C 1 C 1 C 2 C 2 C 1 C 2 C 2 C 2 
a 16 C 1 C 2 C 1 C 2 C 1 C 2 C 2 C 2 
a 17 C 1 C 1 C 2 C 2 C 1 C 1 C 1 C 1 
a 18 C 1 C 1 C 1 C 1 C 2 C 2 C 2 C 2 
a 19 C 2 C 2 C 2 C 3 C 1 C 2 C 2 C 3 
a 20 C 1 C 1 C 2 C 2 C 1 C 1 C 1 C 1 
a 21 C 1 C 1 C 1 C 1 C 2 C 2 C 2 C 2 
a 22 C 1 C 2 C 1 C 2 C 1 C 2 C 2 C 2 
a 23 C 1 C 1 C 1 C 2 C 2 C 2 C 2 C 3 
a 24 C 1 C 2 C 1 C 2 C 3 C 3 C 3 C 3 
a 25 C 1 C 1 C 1 C 2 C 1 C 1 C 1 C 1 
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arison between an action and the subsets of reference actions of 

ach category, B h , results in one and only one of the following 

ases [18] : 

1. Action a is neither λ-indifferent nor λ-incomparable to 

B h , h = 1 , . . . , q ; 

2. Action a is λ-indifferent to at least one subset of reference 

actions B h . Furthermore, if B h is not unique, then the subsets 

of reference actions, which are λ-indifferent to an action a 

set of categories consecutive; 

3. Action a is λ-incomparable to at least one subset of refer- 

ence actions B h . Furthermore, if B h is not unique, then the 

subsets of reference actions, which are λ-incomparable to 

action a , define a subset of consecutive categories. 

In our case, the credibility level chosen was λ = 0 . 6 and the 

esults of the λ-binary relations are represented in Table B.13 : I

epresents the λ-indifference relations between the action and the 

et of reference actions that define a category; R represents the 

-incomparability relations; and the inequality symbols ≺ and �
enote preference relations, ≺ in case the set of reference actions 

s preferred to the action and �, otherwise. 

.2. Analysis of the exploitation of an outranking relation 

In this step, we finally present the predefined categories to 

hich the hospitals (actions) were assigned to, i.e., the assignment 

esults. As stated in Appendix A , the assignment procedure is done 

y comparing an action a with the reference actions, bearing in 

ind the credibility level λ, in our case λ = 0 . 6 , and applying the

wo joint rules (the ascending and the descending rules). 

The assignment procedure using both rules conjointly selects a 

owest and a highest possible categories to an action a , generating 

 range of possible categories, �(a ) [18] : 

1. When an action a is neither λ-indifferent nor λ- 

incomparable to B h , h = 1 , . . . , q , �(a ) is composed of

one or two consecutive categories; 
12 
2. When a is λ-indifferent to at least one subset of reference 

actions B h , �(a ) is composed of the subset of consecutive 

categories defined by such λ-indifference, and, possibly, by 

including one or two of the adjacent categories to them; 

3. When a is λ-incomparable to at least one subset of reference 

actions B h , �(a ) is composed of the subset of consecutive 

categories defined by such λ-incomparability, and, possibly, 

by including one or two of the adjacent categories to them. 

Let us recall that we proposed an innovative approach that used 

he Electre Tri-C assignment procedure results from the subcri- 

eria families to construct the criteria scales; in the assignment 

rocedure, some of the actions were assigned to an interval of 

ategories, which originated two viewpoints: the lower-level view, 

hich considered the worst category assigned to an action, and the 

pper-level view, which considered the best category of the inter- 

al assigned to an action. Hence, the assignment procedure results 

considering the five criteria) include both viewpoints for 2017 and 

018, which are all represented in Table 12 . 

.3. Discussion of the main results 

The number of hospitals (actions) assigned to each interval of 

ategories, and the respective percentages for each of the years and 

iewpoints, are summed up in Table 13 . Once observed this table, 

e notice variations on the hospitals’ assignment to the categories 

egarding the view and the years. 

The main variations on the assignment results are as follows: 

1. In 2017, only one interval of categories, [ C 1 , C 2 ] , maintained

the same number of hospitals assigned for both the views 

with five hospitals; and also three categories with no hospi- 

tals assigned, C 3 , C 4 , and C 5 . 

2. In the lower-level view, the most represented category was 

the worst category, C 1 , with eleven hospitals and 92% of the 

hospitals were assigned to a category equal or lower than 

C 2 . In respect to the highest category assigned, it was in the 

interval of [ C , C ] with only one action, a . 
3 4 2 



A. Rocha, A.S. Costa, J.R. Figueira et al. Omega 105 (2021) 102505 

Table 13 

Number and respective percentage of hospitals assigned per interval of category. 

Interval of category 2017 2018 

Min. Max. Lower-level view Upper-level view Lower-level view Upper-level view 

C 1 C 1 11 (44%) 4 (16%) 7 (28%) 4 (16%) 

C 1 C 2 5 (20%) 5 (20%) 6 (24%) 3 (12%) 

C 2 C 2 7 (28%) 10 (40%) 7 (28%) 8 (32%) 

C 2 C 3 1 (4%) 3 (12%) 2 (8%) 4 (16%) 

C 2 C 4 0 (0%) 2 (8%) 0 (0%) 1 (4%) 

C 3 C 3 0 (0%) 0 (0%) 3 (12%) 2 (8%) 

C 3 C 4 1 (4%) 0 (0%) 0 (0%) 2 (8%) 

C 4 C 4 0 (0%) 0 (0%) 0 (0%) 0 (0%) 

C 4 C 5 0 (0%) 1 (4%) 0 (0%) 1 (4%) 

C 5 C 5 0 (0%) 0 (0%) 0 (0%) 0 (0%) 

Fig. 1. Comparison of the assignments between the years of 2017 and 2018 for the lower-level view. 
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3. In the upper-level view, the most represented category was 

C 2 with ten hospitals, leaving behind C 1 with four hospitals 

representing a reduction of 60% compared to the lower-level 

view and 76% of the hospitals were assigned to a category 

equal or lower than C 2 representing a reduction of 17% com- 

pared to the lower-level view. Furthermore, in the upper- 

level view the highest category assigned to action was in the 

interval of [ C 4 , C 5 ] with one action assigned, again a 2 . 

4. In 2018, only two categories, C 4 and C 5 , maintained the same 

number of hospitals assigned for both the views with no 

hospitals. 

5. In the lower-level view, the most represented category was 

the worst category, C 1 , as well as category C 2 , both with 

seven hospitals assigned and 80% of the hospitals were as- 

signed to a category equal or lower than C 2 , in respect to 

the highest category assigned it was C 3 with three hospitals 

assigned. 

6. In the upper-level view, the most represented category was 

C 2 , with eight hospitals, leaving behind C 1 with four hospi- 

tals assigned, representing a reduction of 43% comparing to 

the lower-level view. 60% of the hospitals were assigned to 

a category equal to or lower than C 2 , representing a 25% re- 

duction compared to the lower-level view. Furthermore, in 
t

13 
the upper-level view, the highest category assigned to action 

was in the interval of [ C 4 , C 5 ] with one action assigned, a 1 . 

The hospitals in the lower-level view were assigned to equal 

r worst categories compared to the upper-level views, corrobo- 

ating what was expected in line with the approach created in 

ubsection 3.5 regarding the scales. In general, there was mainte- 

ance or an improvement of the quality in the hospitals between 

017 and 2018, expressed when comparing lower-level and upper- 

evel views. 

Concerning all the four assignment results, no hospitals were 

ssigned to the best category C 5 . It allows us to conclude that 

here was no under evaluation of the reference hospitals that de- 

ne that category. In opposition, regarding the worst category, C 1 , 

here were several hospitals assigned to it. 

To provide better visualization of the assignment procedure, we 

ncluded in Figs. 1 and 2 two plots representing the category or in- 

erval of categories attributed to each hospital for 2017 and 2018, 

ne for each viewpoint. Once again, it is visible that the upper- 

evel view achieved better categories than the lower-level view, for 

bvious reasons. The categories attributed to the hospitals in 2018 

end to be equal or better than in 2017, which is more visible in 

he upper-level viewpoint.In Appendix C we include Fig. C.3 for 
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Fig. 2. Comparison of the assignments between the years of 2017 and 2018 for the upper-level view. 
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howing the evolution of each hospital from 2017 to 2018, that is, 

f a hospital improves, stays equal or decreases in quality. 

Looking at the hospitals with better categories assigned, a 2 
Póvoa do Varzim/Vila do Conde Hospital Centre), it was consid- 

red: the best action for both years in the upper-level view; the 

est in the lower-level view in 2017; and, together with a 24 , the 

est in the lower-level view for 2018. These results show that the 

ction a 2 is consistently assigned to the best categories in both 

iewpoints and years inclusively. It achieves an interval of cate- 

ories [ C 4 , C 5 ] , which is almost the maximum of the scale. Con-

erning action a 24 (Porto University Hospital Centre) together with 

 2 it is assigned with the best category for the lower-level view 

f 2018 with a C 3 , having the same evaluation for the upper-level 

iew. It suggests that a 24 presents better quality healthcare among 

he largest hospital centers of the NHS. Hospitals a 9 and a 13 for 

018 in the upper-level view were assigned with an interval of cat- 

gories [ C 3 , C 4 ] , still far from the results presented by a 2 , among

he best categories attributed in this case study. 

Although, it is visible that there were hospitals continuously be- 

ng assigned to the worst categories C 1 and C 2 , where the worst 

nes were a 10 , a 3 , and a 17 , and from the largest hospital centers

 25 and a 20 . Those represent the hospitals with the lowest quality 

ealthcare performances according to the case study. Overall, there 

re other hospitals where the categories assigned are not much 

etter than the ones assigned to the previous hospitals, which sug- 

ests that the quality provided by the hospitals of the NHS is low, 

n the majority of the cases between the categories C 1 and C 2 , as it

s visible in Table 13 . 

. Robustness analysis 

This section performs a robustness analysis creating scenarios 

y changing some preference parameters’ values, namely the cred- 

bility level and the criteria weights. For this scenario analysis, we 

rstly tested two different values for the credibility level: λ = 0 . 55 

nd λ = 0 . 65 . In a second analysis, we tested three different sce-

arios that were created when the DM established the weights of 

he family of criteria using the SRF procedure, where we applied 

hanges in the number of blank cards and the ratio- z. In the last 

est, we varied at the same time, the credibility level λ, the num- 
14 
er of blank cards, and the ratio- z. Thus, we evaluate how changes 

n the inputs of our model influence its outputs. We discuss the 

esults of this analysis. 

.1. Changing the credibility level 

The change of the credibility level induces changes on the as- 

ignments, since it directly influences both ascending and descend- 

ng joint rules: 

1. If the credibility level λ increases, the ascending rule tends 

to increase the category assigned for an action a . In contrast, 

the descending rule tends to decrease the category assigned 

for that same action. In general, there is a tendency for both 

rules to converge in the category to be assigned to an action 

a , possibly coinciding in a unique category; 

2. If the credibility level λ decreases, the ascending rule tends 

to decrease the category assigned for an action a . In contrast, 

the descending rule tends to increase the category assigned 

for that same action. In general, there is a tendency for both 

rules to diverge in the category to be assigned to an action 

a , possibly generating an interval of categories. 

It suggests the existence of a critical λ responsible for assign- 

ng the majority of the actions to a particular category [63] . As 

or that, in this robustness analysis, the credibility level was varied 

wo times, assuming two distinct values, λ = 0 . 55 and λ = 0 . 65 ,

o be compared to our analysis where λ = 0 . 60 , to find a solution

lose to the critical value of λ that assigned the majority of the 

ctions to a unique category. 

In Table 14 and Table 15 we present the assignment results for 

= 0 . 55 and λ = 0 . 60 , and the results for λ = 0 . 60 and λ = 0 . 65 ,

espectively. Note that in both tables, whenever it was registered a 

ifference between the category or interval of categories assigned 

hen λ = 0 . 60 and the two variations of λ, the cell was repre-

ented with a grey background for a better visualization. 

Taking into account Table 14 , considering the lower-level view 

f 2017, there were three alterations ( 12% ), where a 2 was assigned 

o a unique category (rather than an interval of categories) re- 

ulting in a more substantial assignment relation comparing to 

= 0 . 60 , as for a 13 and a 14 were assigned to a different category

but not an interval of categories). 



A
.
 R

o
ch

a
,
 A

.S.
 C

o
sta

,
 J.R

.
 Fig

u
eira

 et
 a

l.
 

O
m

eg
a
 10

5
 (2

0
2

1
)
 10

2
5

0
5
 

Table 14 

Assignment results for λ = 0 . 55 and λ = 0 . 60 . 

λ = 0 . 55 λ = 0 . 60 

2017 2018 2017 2018 

Lower-level view Upper-level view Lower-level view Upper-level view Lower-level view Upper-level view Lower-level view Upper-level view 

Hospital Min. Max. Max. Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. 

a 1 C 2 C 2 C 2 C 4 C 2 C 3 C 2 C 4 C 2 C 2 C 2 C 3 C 2 C 2 C 2 C 4 
a 2 C 3 C 3 C 4 C 5 C 3 C 3 C 4 C 5 C 3 C 4 C 4 C 5 C 3 C 3 C 4 C 5 
a 3 C 1 C 1 C 1 C 1 C 1 C 1 C 1 C 2 C 1 C 1 C 1 C 1 C 1 C 1 C 1 C 2 
a 4 C 2 C 2 C 2 C 2 C 3 C 5 C 3 C 5 C 2 C 2 C 2 C 2 C 3 C 3 C 3 C 3 
a 5 C 2 C 3 C 2 C 4 C 2 C 3 C 2 C 4 C 2 C 3 C 2 C 4 C 2 C 2 C 2 C 3 
a 6 C 1 C 2 C 2 C 2 C 1 C 2 C 2 C 2 C 1 C 2 C 2 C 2 C 1 C 2 C 2 C 2 
a 7 C 2 C 2 C 2 C 4 C 2 C 2 C 2 C 2 C 2 C 2 C 2 C 4 C 2 C 2 C 2 C 2 
a 8 C 1 C 2 C 2 C 2 C 1 C 1 C 1 C 1 C 1 C 2 C 2 C 2 C 1 C 1 C 1 C 1 
a 9 C 2 C 2 C 2 C 2 C 2 C 2 C 2 C 4 C 2 C 2 C 2 C 2 C 2 C 2 C 3 C 4 
a 10 C 1 C 1 C 1 C 1 C 1 C 1 C 1 C 2 C 1 C 1 C 1 C 1 C 1 C 1 C 1 C 2 
a 11 C 2 C 2 C 2 C 2 C 1 C 1 C 2 C 2 C 2 C 2 C 2 C 2 C 1 C 1 C 2 C 2 
a 12 C 1 C 1 C 2 C 2 C 1 C 2 C 1 C 2 C 1 C 1 C 2 C 2 C 1 C 2 C 1 C 2 
a 13 C 1 C 1 C 2 C 2 C 2 C 3 C 3 C 3 C 2 C 2 C 2 C 2 C 2 C 3 C 3 C 4 
a 14 C 2 C 2 C 2 C 4 C 2 C 4 C 2 C 4 C 1 C 1 C 2 C 3 C 2 C 3 C 2 C 3 
a 15 C 1 C 1 C 1 C 2 C 1 C 2 C 1 C 2 C 1 C 1 C 2 C 2 C 1 C 2 C 2 C 2 
a 16 C 1 C 2 C 1 C 2 C 1 C 2 C 2 C 3 C 1 C 2 C 1 C 2 C 1 C 2 C 2 C 2 
a 17 C 1 C 1 C 2 C 2 C 1 C 1 C 1 C 1 C 1 C 1 C 2 C 2 C 1 C 1 C 1 C 1 
a 18 C 1 C 1 C 1 C 1 C 2 C 2 C 2 C 2 C 1 C 1 C 1 C 1 C 2 C 2 C 2 C 2 
a 19 C 2 C 2 C 2 C 3 C 1 C 2 C 2 C 3 C 2 C 2 C 2 C 3 C 1 C 2 C 2 C 3 
a 20 C 1 C 1 C 2 C 2 C 1 C 1 C 1 C 1 C 1 C 1 C 2 C 2 C 1 C 1 C 1 C 1 
a 21 C 1 C 1 C 1 C 1 C 2 C 2 C 2 C 2 C 1 C 1 C 1 C 1 C 2 C 2 C 2 C 2 
a 22 C 1 C 2 C 1 C 2 C 1 C 2 C 2 C 2 C 1 C 2 C 1 C 2 C 1 C 2 C 2 C 2 
a 23 C 1 C 1 C 1 C 2 C 2 C 2 C 2 C 3 C 1 C 1 C 1 C 2 C 2 C 2 C 2 C 3 
a 24 C 1 C 2 C 1 C 2 C 3 C 3 C 3 C 3 C 1 C 2 C 1 C 2 C 3 C 3 C 3 C 3 
a 25 C 1 C 1 C 1 C 2 C 1 C 1 C 1 C 1 C 1 C 1 C 1 C 2 C 1 C 1 C 1 C 1 

1
5
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Table 15 

Assignment results for λ = 0 . 60 and λ = 0 . 65 . 

λ = 0 . 60 λ = 0 . 65 

2017 2018 2017 2018 

Lower-level view Upper-level view Lower-level view Upper-level view Lower-level view Upper-level view Lower-level view Upper-level view 

Hospital Min. Max. Max. Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. 

a 1 C 2 C 2 C 2 C 3 C 2 C 2 C 2 C 4 C 2 C 2 C 2 C 3 C 2 C 2 C 2 C 3 
a 2 C 3 C 4 C 4 C 5 C 3 C 3 C 4 C 5 C 3 C 3 C 4 C 5 C 3 C 3 C 4 C 5 
a 3 C 1 C 1 C 1 C 1 C 1 C 1 C 1 C 2 C 1 C 1 C 1 C 1 C 1 C 1 C 1 C 2 
a 4 C 2 C 2 C 2 C 2 C 3 C 3 C 3 C 3 C 2 C 2 C 2 C 2 C 2 C 3 C 2 C 3 
a 5 C 2 C 3 C 2 C 4 C 2 C 2 C 2 C 3 C 2 C 3 C 2 C 4 C 2 C 2 C 2 C 3 
a 6 C 1 C 2 C 2 C 2 C 1 C 2 C 2 C 2 C 1 C 2 C 2 C 2 C 1 C 2 C 2 C 2 
a 7 C 2 C 2 C 2 C 4 C 2 C 2 C 2 C 2 C 2 C 2 C 2 C 4 C 2 C 2 C 2 C 2 
a 8 C 1 C 2 C 2 C 2 C 1 C 1 C 1 C 1 C 1 C 2 C 2 C 2 C 1 C 1 C 1 C 1 
a 9 C 2 C 2 C 2 C 2 C 2 C 2 C 3 C 4 C 2 C 2 C 2 C 2 C 2 C 2 C 3 C 4 
a 10 C 1 C 1 C 1 C 1 C 1 C 1 C 1 C 2 C 1 C 1 C 1 C 1 C 1 C 1 C 1 C 2 
a 11 C 2 C 2 C 2 C 2 C 1 C 1 C 2 C 2 C 2 C 2 C 2 C 2 C 1 C 1 C 2 C 2 
a 12 C 1 C 1 C 2 C 2 C 1 C 2 C 1 C 2 C 1 C 1 C 2 C 2 C 1 C 2 C 1 C 2 
a 13 C 2 C 2 C 2 C 2 C 2 C 3 C 3 C 4 C 1 C 1 C 2 C 2 C 2 C 3 C 3 C 4 
a 14 C 1 C 1 C 2 C 3 C 2 C 3 C 2 C 3 C 2 C 2 C 2 C 2 C 2 C 2 C 2 C 2 
a 15 C 1 C 1 C 2 C 2 C 1 C 2 C 2 C 2 C 1 C 1 C 2 C 2 C 1 C 2 C 2 C 2 
a 16 C 1 C 2 C 1 C 2 C 1 C 2 C 2 C 2 C 1 C 1 C 1 C 2 C 1 C 2 C 2 C 2 
a 17 C 1 C 1 C 2 C 2 C 1 C 1 C 1 C 1 C 1 C 1 C 2 C 2 C 1 C 1 C 1 C 1 
a 18 C 1 C 1 C 1 C 1 C 2 C 2 C 2 C 2 C 1 C 1 C 1 C 1 C 2 C 2 C 2 C 2 
a 19 C 2 C 2 C 2 C 3 C 1 C 2 C 2 C 3 C 2 C 2 C 2 C 3 C 1 C 2 C 2 C 3 
a 20 C 1 C 1 C 2 C 2 C 1 C 1 C 1 C 1 C 1 C 1 C 2 C 2 C 1 C 1 C 1 C 1 
a 21 C 1 C 1 C 1 C 1 C 2 C 2 C 2 C 2 C 1 C 1 C 1 C 1 C 2 C 2 C 2 C 2 
a 22 C 1 C 2 C 1 C 2 C 1 C 2 C 2 C 2 C 1 C 2 C 1 C 2 C 1 C 2 C 2 C 2 
a 23 C 1 C 1 C 1 C 2 C 2 C 2 C 2 C 3 C 1 C 1 C 1 C 2 C 2 C 2 C 2 C 3 
a 24 C 1 C 2 C 1 C 2 C 3 C 3 C 3 C 3 C 1 C 2 C 1 C 2 C 3 C 3 C 3 C 3 
a 25 C 1 C 1 C 1 C 2 C 1 C 1 C 1 C 1 C 1 C 1 C 1 C 2 C 1 C 1 C 1 C 1 

1
6
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Table 16 

Number of alterations in the assignment results comparing case ’DM’ and Z = 10 and each of the scenarios varying 

ratio- z. 

2017 Lower-level view 2017 Upper-level view 2018 Lower-level view 2018 Upper-level view 

Case Z = 9 Z = 10 Z = 11 Z = 9 Z = 10 Z = 11 Z = 9 Z = 10 Z = 11 Z = 9 Z = 10 Z = 11 

DM 0 0 0 2 0 2 0 3 

A 0 0 0 0 0 0 0 0 0 0 0 0 

E 0 0 0 0 0 0 0 0 0 0 0 0 

I 0 0 0 0 0 0 0 0 0 0 0 0 
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Regarding the upper-level view of 2017, there were three alter- 

tions ( 12% ), where all the hospitals were assigned to an interval 

f categories comparing to λ = 0 . 60 resulting in a weaker assign- 

ent, note that in the case of a 1 and a 14 both were assigned to a

on-consecutive interval of categories. 

Regarding the lower-level view of 2018, there were four alter- 

tions ( 16% ), where the hospitals were assigned to an interval of 

ategories comparing to λ = 0 . 60 resulting in a weaker assignment, 

ote that in the case of a 4 and a 14 both were assigned to a non-

onsecutive interval of categories. 

As to the upper-level viewpoint of 2018, there were seven alter- 

tions ( 28% ), where six of the hospitals were again assigned to an

nterval of categories from which only a 15 and a 16 were assigned 

o an interval of consecutive categories comparing to λ = 0 . 60 re- 

ulting in a weaker assignment, the exception was a 13 that was 

ssigned to a unique category resulting in a more robust assign- 

ent. 

All in all, there were eighteen alterations, where fifteen of them 

 83% ) resulted in hospitals assigned to an interval of categories and 

nly three of them ( 17% ) resulted in assignments to a unique cate- 

ory. 

In the case where it was used λ = 0 . 65 , considering the lower-

evel view of 2017, there were four alterations ( 16% ) where a 2 and

 16 , were assigned to a unique category resulting in a more sub- 

tantial assignment relation comparing to λ = 0 . 60 , a 13 and a 14 

hanged from a unique category to another. Regarding the upper- 

evel view of 2017, there was only one alteration ( 4% ) assigned to a

nique category comparing to λ = 0 . 60 , resulting in a more robust 

ssignment. 

Regarding the lower-level view of 2018, there were two alter- 

tions ( 8% ), where a 14 was assigned to a unique category compared 

o λ = 0 . 60 , resulting in a more substantial assignment relation; 

he opposite happened that a 4 was assigned to an interval of cate- 

ories. 

As to the upper-level viewpoint of 2018, there were three al- 

erations (12%), where only a 14 was assigned to a unique category 

omparing to λ = 0 . 60 , resulting in a more robust assignment, a 1 
nd a 4 were assigned to an interval of categories, resulting in a 

eaker assignment. 

All in all, considering these ten alterations, three of them ( 30% ) 

esulted in hospitals assigned to an interval of categories and five 

f them ( 50% ) resulted in hospitals assigned to a unique category, 

he other two alterations ( 20% ) represent a change of unique cate- 

ory to another. 

In the case where λ = 0 . 55 , there was an increase in hospi-

als assigned to an interval of categories, suggesting that this level 

f credibility is not close to the critical level. Regarding the case 

here λ = 0 . 65 , the balance reflects three more hospitals assigned 

o a unique category than for the case where λ = 0 . 60 , which sug-

ests that the critical level of credibility might be between these 

wo values of λ. 

.2. Changing the weights 

We tested how variations the SRF parameters, which were re- 

ponsible for attributing the weight to the criteria, influenced our 
17 
odel’s results. The SRF procedure makes use of the DM knowl- 

dge, for ranking the criteria, adding the blank cards, and choosing 

he ratio- z, as stated in Section 3.7.2 . At the time, the DM ranked

he five criteria, and when he was adding blank cards, he was not 

ure whether to add two or three blank cards between the Ac- 

ess (g 1 ) and the Caesarean Appropriateness (g 5 ) criteria; and also 

hether to add three or four cards blank cards between the Cae- 

arean Appropriateness (g 5 ) and the Efficiency (g 4 ) criteria. In the 

nd, the DM opted for adding three blank cards between each of 

he criteria in these cases, however this situation allowed us to 

reate three different cases: 

1. Case A: Two blank cards were added between Access (g 1 ) 

and the Caesarean Appropriateness (g 5 ) , instead of three 

cards; 

2. Case E: Four blank cards were added between Caesarean Ap- 

propriateness (g 1 ) and Efficiency (g 4 ) , instead of three cards; 

3. Case I: Two blank cards were added between Access (g 1 ) and 

Caesarean Appropriateness (g 5 ) criterion, instead of three, 

and also four blank cards between Caesarean Appropriateness 

(g 5 ) and the Efficiency (g 4 ) , instead of three. 

Furthermore, we opted to include two variations of the ratio- 

, since this ratio influences the weight attributed to each of the 

riteria. Thus, the variations of the ratio- z were Z = 9 and Z = 11 ,

o contrast with the value chosen by the DM, Z = 10 . Note that

hese variations were only tested for the attribution of weight of 

he criteria and not to the groups of subcriteria. 

Due to the extensively of the results, we resume the number of 

lterations in Table 16 . We observe that in a universe of 1100 as- 

ignments, only seven alterations of categories ( 0 . 64% ) were regis- 

ered, which shows that the results are genuinely consistent, even 

hen using different parameters in the model. 

.3. Changing both the credibility level and weights 

Here we tested both previous changes on the parameters at 

he same time, that is, we analyzed several scenarios that resulted 

rom the combinations of the following: 

1. Credibility level: λ = 0 . 55 , λ = 0 . 60 , and λ = 0 . 65 ; 

2. Blank cards: Three cases, A, E, and I, created in the previous 

section; 

3. Ratio- z: Z = 9 , Z = 10 , and Z = 11 . 

Table 17 summarizes the number of alterations resulting from 

omparing the new conditions and the DM case with Z = 10 and 

= 0 . 60 . 

As observed in Table 17 , there are 192 alterations in 2400 pos- 

ibilities, which represents 8% of alterations, a small percentage 

aking into account that in these tests it was changed from one 

arameter ( λ) until three parameters ( λ, case, and ratio- z). There 

ere less alterations for λ = 0 . 65 , than for λ = 0 . 55 , what once

gain it is related to the fact that the critical λ is closer to λ = 0 . 6

nd λ = 0 . 65 . The maximum number of alterations of assignments 

as registered for all the scenarios of the upper-level view of 2018 

ith λ = 0 . 55 , with six alterations per scenario, and the minimum 
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Table 17 

Number of alterations in the assignment results comparing case ’DM’ and Z = 10 and each of the scenarios varying 

ratio- z and the credibility level λ. 

2017 Lower-level view 2017 Upper-level view 2018 Lower-level view 2018 Upper-level view 

Z = 9 Z = 10 Z = 11 Z = 9 Z = 10 Z = 11 Z = 9 Z = 10 Z = 11 Z = 9 Z = 10 Z = 11 

Case λ= 0.55 

DM 1 1 1 3 3 3 4 4 4 6 6 6 

A 1 1 1 3 3 3 3 3 3 6 6 6 

E 1 1 1 3 3 3 4 3 3 6 6 6 

I 1 1 1 3 3 3 3 5 3 6 6 6 

Case λ= 0.65 

DM 0 0 0 1 1 1 2 2 2 3 3 3 

A 0 0 0 1 1 1 2 2 2 3 3 3 

E 0 0 0 1 1 1 2 2 2 3 3 3 

I 0 0 0 1 1 1 2 2 2 3 3 3 
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umber of alterations registered was zero, which happened for all 

he scenarios of the lower-level view of 2017 with λ = 0 . 65 . 

All in all, this analysis with 96 scenarios, once again, proved 

hat our model is consistent, because even though we inserted so 

any changes in the inputs, the output was nearly the same for all 

f them. 

.4. Discussion of the robustness analysis results 

Aiming to test the robustness of the decision model constructed 

ith the DM, we performed an extensive scenario analysis. It fo- 

used on changes in the credibility level and the criteria weights, 

reating three cases and inducing changes in the SRF procedure, 

amely in the order of the cards and in ratio- z. 

We tested 96 scenarios, in total, and in 2400 assignments gen- 

rated only 192 alterations were produced, equivalent to 8% , to our 

riginal model. It suggests that the model created is robust. More- 

ver, there were fewer changes alterations when considering the 

redibility level λ = 0 . 65 , than when considering λ = 0 . 55 , suggest-

ng that the credibility level, validated by the DM, is a consistent 

alue. 

. Health policy and managerial implications 

Evaluating the hospitals’ performance has been considered a 

ust-do practice to ensure the financial sustainability of health- 

are systems worldwide. In general, such an exercise bases itself on 

 single dimension of quality (efficiency), through benchmarking 

echniques, including (but not limited to) Data Envelopment Anal- 

sis and models alike, and Stochastic Frontier Analysis. Although 

oined as more objective, these benchmarking techniques hardly 

ccount for the DM’s subjective assessment, which should be ubiq- 

itous in any performance and policy recommendations resulting 

rom it. Besides, the inclusion of qualitative data (like satisfaction 

ith healthcare) in those techniques is, at least, questionable. Not 

o mention the compensatory/pure mathematical nature of these 

echniques in the computation of coefficients or multipliers, from 

hich one tends to retrieve (likely biased) economic implications, 

ncluding marginal products and marginal rates of substitution. Be- 

ause of this, decision-makers may consider these techniques like 

lack-boxes , not entirely trusting on their outputs. As the one car- 

ied out in this research, MCDA appears, then, as an alternative to 

valuating hospital performance as a whole (not just efficiency). It 

s more appealing for the DM, who understand it more straight- 

orwardly as its fundamental points of view and judgments are 

ncluded in the analysis. The resulting policy and managerial im- 

lications are naturally under subjectivity. However, such an issue 

ay be mitigated by considering at least one individual ( bona fide 

nd independent) representing each group of stakeholders (poli- 
18 
ymakers, hospital managers, clinical staff, non-clinical staff, labor 

nions, and citizens). 

Our results may impact hospital financing. According to a bud- 

et defined every year, these entities are financed, fixing prices 

nd payments based on the minimal observed unitary costs [64] . 

he indicators used in this research to quantify patient safety, 

are appropriateness, access, and cesarean appropriateness are also 

onitored by the Health Ministry and used for financed purposes 

65] . proposed a pay-for-performance alternative to optimize pay- 

ents, exploring the concepts of quality, access, and environmen- 

al subsets. The optimization of payments follows Data Envelop- 

ent Analysis, with additional constraints related to those sub- 

ets. Concerning the environmental subsets, the authors suggest 

xing bandwidths, easily computed through well-known methods 

such as the Silverman’s bandwidth), to compare like with like. 

n the case of quality and access subsets, they suggest compar- 

ng each hospital with the ones as good as the former, or at least 

ith the quality or access levels above a threshold defined by the 

M. Although the proposed optimization tool gets promising re- 

ults in substantial cost savings, there are some difficulties related 

o the definition of thresholds and maybe the bandwidths. Indeed, 

he DM may struggle with the imposition of a minimal level per 

uality or access indicator, which the thresholds intend to model. 

herefore, instead of adopting not-so-straightforward methodolo- 

ies to create those quality and access comparability subsets, we 

ay use the outputs of Electre-Tri-nC and Electre-Tri-C together 

o form those subsets. Indeed, the procedure would be relatively 

imple: (i) start by classifying hospitals based on their perfor- 

ance, namely in terms of their quality and access; (ii) fix the low- 

st classification allowing a hospital to be part of the comparability 

ubset, e.g. , the DM may impose that no hospital with the average 

erformance or below can belong to the subset – thus, the sub- 

et contains hospitals with good or very good performance levels, 

nly; (iii) in line with [64,65] , construct a frontier composed of the 

ospitals forming the comparability subset using any benchmark- 

ng technique and the appropriate inputs ( e.g. , operating costs) and 

utputs ( e.g. , patients adjusted by complexity); (iv) project each 

ospital in the frontier and obtain the optimal values for inputs 

nd outputs; and (v) estimate optimal payments using the optimal 

nputs and outputs from the last step. 

The results achieved in this research are worrying, especially 

oncerning the pandemic outbreak we are living in nowadays. Re- 

ently one of the most prestigious medical journals globally, The 

ancet, published an editorial about the Portuguese SNS [13] . The 

ublication concluded that it no longer meets the needs of the 

opulation. Portugal is one of four countries (out of 33 analyzed) 

here the public health expenditure was reduced between 20 0 0 

nd 2017. As a result of that, the hospitals were not modernized, 

nd the medical equipment became obsolete. 
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Moreover, the public care has been losing space to private care, 

hich has enjoyed the migration of public medical workforce from 

he public service because of poor work conditions, lack of mo- 

ivation from managers, and staff burnout. The application of a 

ulticriteria approach to perform a quality assessment of the Por- 

uguese public hospitals proved to be a reliable tool. If there is a 

eed to reformulate and invest in the SNS, quality must be con- 

idered to assure patients’ needs and safety, the workforce, and 

he health institutions. Our results support that the article’s claims 

s hospitals of the Portuguese SNS exhibited relatively low perfor- 

ance levels. An intensive effort should be carried out to search 

or the best practices within this field, not only in Portugal but also 

n other countries, especially those whose healthcare systems are 

everidgian [66] . Nonetheless, and recalling the Sars-COV-2 pan- 

emic outbreak, the lack of quality in Portuguese hospitals casts 

oubts about their capacity to treat patients most safely and ap- 

ropriately. This effect is aggravated by the reduced response to 

hronic and acute patients, motivated by the exaggerated focus di- 

ected to the cases of COVID-19 and the inattention to the other 

ases. 

. Conclusions 

According to our model and results, the hospitals were assigned 

o a category or an interval of categories. In general, there was 

aintenance or improvement of quality in the healthcare entities 

etween 2017 and 2018, expressed both in lower and upper-level 

iews. Based on the results, we can draw the following conclu- 

ions: 

1. No hospitals were assigned to the best category. Thus, there 

was no under evaluation of the reference hospitals used to 

characterize such a category. 

2. Regarding the worst category there were several hospitals 

assigned to. This fact was also sustained by the results, 

where actions were continuously being assigned to the two 

worst categories. 

3. For example, considering the year with better results, 2018, 

and the upper-level view, 60% of hospitals were assigned to 

a category or an interval of categories equal or less than the 

worst performance category. Only three hospitals were as- 

signed to a category higher than the neutral performance 

category; 

4. Centro Hospitalar de Póvoa do Varzim/Vila do Conde was con- 

sidered the best hospital in both years and views, inclusively 

being assigned to the highest categories twice. It suggests 

the possibility of using this entity as a benchmark. 

5. After a robustness analysis, we verified that only 8% of the 

assignments could change, suggesting that our results are 

robust. 

Models are developed to represent real situations. They are not 

erfect, neither our model is. Thereby the major limitations are 

ereby presented. In the case study, it was used the data present 

n the ACSS benchmarking, as it includes clinical quality indica- 

ors that were significant and reliable to the DM. Even though the 

enchmarking presents several quality indicators, according to the 

iterature review there are more indicators, than the ones we had 

ccess to. Therefore, to increase the robustness of our criteria tree 

nd consequently our model, it would be needed more data gath- 

red and provided by the benchmark. Information centered in the 

utcomes, such as patient satisfaction, which is of difficult access, 

r about the infrastructures would be interesting to apply on this 

ethod. The results of this work highly depend on criteria prefer- 

nce, a task that it is developed conjointly between the analyst and 

he DM. Once we only had one DM to collaborate with us, we were

eprived of generating more robust results from our model that 
19 
ould allow us to compare assignments and different perspectives. 

aving access to other DMs to test our model would provide infor- 

ation about the models adaptability to other opinions and sce- 

arios. 

The application of a multicriteria approach to perform a qual- 

ty assessment of the Portuguese public hospitals proved to be a 

eliable tool. If there is a need to reformulate and invest in the 

NS, quality must be considered to assure the patients’ needs and 

afety, the workforce, and the health institutions. 
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ppendix A. ELECTRE TRI-NC : A multicriteria method 

1. Overview 

The Electre methods family, stands for ELimination and Choice 

xpressing the REality (in French, ELimination Et Choix Traduisant la 

Ealit ), which has been developing since the introduction of Elec- 

re I [67] . These methods have been used to deal with a wide

ange of real-world MCDA situations and are based on two main 

omponents [61,68–70] : 

1. A multiple criteria aggregation procedure, which allows to 

build one or more outranking relations based on the perfor- 

mances of each action on each criterion with the perspective 

of comparing in a more comprehensive way each pair of ac- 

tions; 

2. An exploitation procedure, which is used to obtain adequate 

results, meaning that they bear in mind the nature of the 

problematic (choosing, ranking, or sorting). 

An outranking relation is a binary relation, S, defined on the set 

f potential actions, A , such that a is preferred to b ( aSb) if there

re enough arguments to decide that a is at least as good as b, 

hile there is no essential argument to refute that statement [71] . 

Electre Tri-nC is a sorting MCDA method that assigns a set of 

ctions to a set of ordered and pre-defined categories, according to 

he performance of each action in a set of criteria [18] . Categories 

an be defined by one or more reference actions, while in Electre 

ri-C only one reference action per category is possible [25] . Note 

hat an increase of the reference actions for the same category can 

ontribute for enriching the definition of the category and allows 

o obtain more narrow intervals of categories to which an action 

an be assigned to [61] . 

Electre Tri-nC uses other preference parameters, such as 

eights and veto thresholds. An interaction process between the 
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M and the analyst should be adopted with the aim of assign- 

ng value to these parameters. The method uses two joint rules 

the ascending and the descending rules), each of them responsi- 

le for attributing one category to an action, what can result in one 

ingle category or an interval of categories in case both rules do 

ot coincide. Moreover, this method was conceived to verify a set 

f fundamental structural requirements (conformity, homogeneity, 

onotonicity, and stability) [18] . 

In Electre Tri-nC , there are two main components: the con- 

truction of outranking relations, through comparing the level of 

redibility with the credibility index, calculated between each ac- 

ion and the set of reference actions of each category; and the ex- 

loitation of the outranking relations through the two joint rules, 

hich assigned each action to a category. 

2. Main data 

Let A = { a 1 , a 2 , . . . , a i } denote the se t of potential actions , which 

an be fully known a priori or be progressively built up during 

he decision aiding process [72,73] . The method intends to as- 

ign these actions to a set of completely ordered categories , de- 

oted C = { C 1 , C 2 , . . . , C h , . . . , C q } , with q � 2 . As for that, it is nec-

ssary to build a coherent family of criteria [74] , denoted G = 

g 1 , g 2 , . . . , g j , . . . , g n 
}

, which will be used to assess the perfor- 

ance of the potential actions, g j (a ) . 

3. Parameters 

A set of preference parameters is necessary for constructing a 

lectre Tri-nC model. The categories are defined by a set of ref- 

rence actions , denoted B = { B 1 , B 2 , . . . , B h , . . . , B q , . . . } , where B h = 

b r 
h 
, r = 1 , . . . , m h 

}
is a subset of the reference actions (actual or 

ummy) that characterize category C h , such that m h � 1 and h =
 ,..., q [18] (in Electre Tri-C , m h = 1 , for all h ). The method uses

airwise comparison between each action from A and each action 

orm B . A weight , w j , such that w j > 0 , with j = 1 , . . . , n , represent-

ng the relative importance of the criterion, has to be defined for 

ach criterion. Also a veto threshold can be associated to each cri- 

erion, v j , contributing to avoid systematic compensatory effects. 

he last preference parameter is the credibility level , denoted λ (see 

ubsection A.4 ). 

Two technical parameters, discriminating thresholds , can be as- 

ociated to the criteria [75] . Each criterion, g j , is considered a 

seudo-criterion or criterion with thresholds, since it is associ- 

ted with two thresholds: the preference threshold , p j , between the 

erformance of two actions, corresponds to the smallest perfor- 

ance difference that, when exceeded, the best performing action 

s considered to be strictly preferable, and the indifference thresh- 

ld , q j , between the performance of two actions, corresponds to 

he largest performance difference that is judged compatible, with 

 situation of indifference between two actions, with different per- 

ormances. Notice that p j � q j � 0 . The purpose of these thresh-

lds is to take in account the imperfect character of the data from 

he computation of the performances g j (a ) , for all a ∈ A , as well

s the arbitrariness that affects the definition of the criteria. It is 

xpected that all criteria g j ∈ G are to be maximized, thus the pref-

rences increase when the criteria performances increase too [25] . 

hen using the mentioned thresholds, the following binary rela- 

ions can be derived for each criterion when comparing an action 

 and action b (they represent an action from set A and a generic 

eference action from set B , respectively, for the sake of simplicity 

f notation): 

1. 
∣∣g j (a ) − g j (b) 

∣∣ � q j where a is indifferent to b according to 

criterion g j , in the right notation written aI j b; 

2. g j (a ) − g j (b) > p j where a is strictly preferable to b accord- 

ing to criterion g j , represented by aP j b; 
20 
3. q j < q j (a ) − q j (b) � p j where the judgment is ambiguous, 

and there are no sufficient reasons to conclude an indiffer- 

ence situation, nor a strict preference between the two ac- 

tion. There is a hesitation between indifference and strict 

preference, meaning that a it is weakly preferable to b, rep- 

resented by aQ j b. 

Regarding the statement, p j � q j � 0 , q j may be equal to zero 

nd/or equal to p j . If p j = 0 , any difference of performances in fa-

or of one action over another can be considered as significant for 

 strict preference on criterion g j . On the other hand, this is not 

lways true as a result of the imperfect data characteristics or to 

rbitrariness that may affect the definition of the criteria. 

4. Construction of an outranking relation 

As previously stated, an outranking relation is represented by 

S j b, which means that “the action a is at least as good as b”, ac-

ording to a criterion g j . For the construction of outranking rela- 

ions one needs to consider three concepts that allow to justify 

he same construction: agreement, non-disagreement and degree 

f credibility [18] : 

1. Concordance : It refers to the conformity between criteria 

that favors aS j b to be accepted, meaning a sufficient major- 

ity of criteria must be in favor of this relation. The concor- 

dance is estimated by the global concordance index, c(a, b) , 

that associates each criterion to a weight w j , such that w j > 

0 , with j = 1 , . . . , n and 

∑ n 
j=1 w j = 1 (assuming that the sum

of all weights is 1). By definition: 

c(a, b) = 

∑ 

j∈ C(aPb) 

w j + 

∑ 

j∈ C(aQb) 

w j + 

∑ 

j∈ C(aIb) 

w j + 

∑ 

j∈ C(aQb) 

w j ϕ j 

(A.1) 

being the parameter ϕ j defined by: 

ϕ j = 

p j −
(
g j (b) − g j (a ) 

)
p j − q j 

∈ [0 , 1[ . (A.2) 

2. Non-discordance : When none of the minority criteria that 

opposes aS j b exercises its power to veto this assertion, in 

other words refuting it. The discordance is estimated by the 

discordance index that associates each criterion to a veto 

power, v j , such that v j > p j . The veto effect is modeled us-

ing the partial discordance index, d j (a, b) , j = 1 , . . . , n , and

is defined as: 

d j (a, b) = 

⎧ ⎪ ⎨ 

⎪ ⎩ 

0 if g j (a ) − g j (b) � −p j 
g j (a ) −g j (b)+ p j 

p j −v j 
if − v j � g j (a ) − g j (b) < −p j 

1 if g j (a ) − g j (b) < −v j 

3. Credibility index : Denoted by σ (a, b) , it is the degree of cred- 

ibility to consider that the action “a is at least as good as the 

action b”, taking into account the family of criteria, defined 

by F. To estimate this index is considered the global con- 

cordance index and the partial discordance index, following 

expression: 

σ (a, b) = c(a, b) 
n ∏ 

j=1 

T j (a, b) (A.3) 

being T j (a, b) defined by: 

T j (a, b) = 

⎧ ⎨ 

⎩ 

1 −d j (a,b) 

1 −c(a,b) 
if d j (a, b) > c(a, b) 

1 otherwise 
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The Electre Tri-nC method, defines a credibility level as the 

inimum degree of credibility denoted by λ, which is necessarily 

onsidered by the DM for validating or not an outranking state- 

ent taking in account all criteria from G . The credibility level can 

e seen as a cutting level, since it converts a fuzzy relation into a 

risp outranking relation [76] . Typically, λ takes a value within the 

ange ]0.5,1] [18] . 

For the definition of the following outranking relations, the 

redibility level λ is compared to the credibility indices of 

he different actions and to the set of reference actions of 

ach category: σ (a, B h ) = max r=1 , ... ,m h 
{ σ (a, b r 

h 
) } and σ (B h , a ) =

ax s =1 , ... ,m h 
{ σ (b s 

h 
, a ) } . The credibility level allows to define four λ-

inary relations that later assume a role to propose an assignment, 

he relations are presented below: 

a) λ-outranking: aS λB h ⇔ σ (a, B h ) � λ; 

b) λ-preference: aP λB h ⇔ σ (a, B h ) � λ ∧ σ (B h , a ) < λ;
c) λ-indifference: aI λB h ⇔ σ (a, B h ) � λ ∧ σ (B h , a ) � λ;
d) λ-incomparability: aR λB h ⇔ σ (a, B h ) < λ ∧ σ (B h , a ) < λ. 

5. Exploitation of an outranking relation: The assignment procedure 

The assignment procedure is performed to attribute one cate- 

ory or an interval of categories, to an action a , which is com- 

ared to the reference actions B h considering the level of credi- 

ility λ. As for that, Electre Tri-nC makes use of two joint rules: 

he ascending rule and the descending rule. Both rules include a 

unction ρ(a, B h ) that allows the choice of one of two consecutive 

ategories to be assigned to an action a . The selection function is 

ollowing presented: 

(a, B h ) = min { σ (a, B h ) , σ (B h , a ) } . (A.4)
Table B.1 

Criteria and subcriteria. 

Criterion Subcriterion 

g 1 , Access g 1 , 1 : First medical 

appointments timeliness 

g 1 , 2 : Enrolled patients for 

surgery 

g 1 , 3 : Availability of beds 

g 1 , 4 : Availability of doctors

g 1 , 5 : Availability of nurses 

g 2 , Care Appropriateness g 2 , 1 : Minor surgeries 

appropriateness 

g 2 , 2 : Avoidable re-admissio

prior 30 days after discharg

g 2 , 3 : Excessive staying dela

g 2 , 4 : Hip surgery timeliness

g 2 , 5 : Delay before surgery 

21 
The two joint rules are defined in order to assign one or more 

ossible categories to an action a [18] : 

1. Descending rule : Choose a credibility level λ in the range of 

]0.5,1]; and decrease h from ( q + 1 ) until the first value, t , such

that σ (a, B t ) � λ ( C t is called the descending pre-selected cate- 

gory): 

a) If t = q , select C q as possible category to assign action a ; 

b) For 0 < t < q , if ρ(a, B t ) > ρ(a, B t+1 ), then select C t as a pos-

sible category to assign a ; otherwise, select C t+1 ; 

c) For t = 0 , select C 1 as a possible category to assign a . 

2. Ascending rule : Choose a credibility level λ in the range of 

]0.5,1]; and increase h from 0 until the first value of k , such 

that σ (B k , a ) � λ ( C k is called the ascending pre-selected cate- 

gory): 

a) For k = 1 , select C 1 as a possible category to assign action a ;

b) For 1 < k < (q + 1) , if ρ({ a } , B k ) > ρ(a, B k −1 ), then select C k 
as a possible category to assign a ; otherwise, select C k −1 ; 

c) For k = (q + 1) , select C 1 as a possible category to assign a . 

ach rule selects one possible category to each action. However, 

he fact that rules act simultaneously, can result in two differ- 

nt possibilities: the minimum and maximum categories are over- 

apped that results in the attribution of one single category; or the 

inimum and maximum categories are different, which results in 

n interval of categories. 

ppendix B. Additional tables 
Measure Direction 

Number of non-urgent first 

medical appointments 

performed in adequate time 

per 100 first medical 

appointments 

Maximize 

Number of enrolled in the 

surgical waiting list within the 

mean guaranteed response 

time 

Maximize 

Difference between the real 

occupancy rate and the ideal 

occupancy rate 

Minimize 

 Doctors per 1000 inhabitants Maximize 

Nurses per 1000 inhabitants Maximize 

Number of outpatient 

surgeries per 100 potential 

outpatient procedure 

Maximize 

n 

e 

Number of readmissions in 30 

days after discharge per 100 

inpatients 

Minimize 

y Number of long-stay 

inpatients per 100 admissions 

Minimize 

 Number of hip surgeries 

performed in the first 48 

hours per 100 hip surgeries 

Maximize 

Average waiting time before 

surgery 

Minimize 

( continued on next page ) 
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Table B.1 ( continued ) 

Criterion Subcriterion Measure Direction 

g 3 , Patient Safety g 3 , 1 : Bedsores Number of bedsores per 100 

inpatients 

Minimize 

g 3 , 2 : Bloodstream infections 

related to CVC 

Bloodstream infection rate 

related to CVC per 100 

inpatients 

Minimize 

g 3 , 3 : Postoperative pulmonary 

embolisms or thrombosis 

Postoperative pulmonary 

embolism/deep venous 

thrombosis cases per 100 

surgical procedures 

Minimize 

g 3 , 4 : Postopertative 

septicaemia 

Postoperative septicemia cases 

per 100 inpatients 

Minimize 

g 3 , 5 : Non-instrumental vaginal 

deliveries with severe 

laceration 

Cases of trauma on vaginal 

delivery (third and fourth 

degree lacerations), without 

instrumentation, per 100 

assisted deliveries 

Minimize 

g 3 , 6 : Assisted vaginal deliveries 

with severe laceration 

Cases of trauma on vaginal 

delivery (third and fourth 

degree lacerations), with 

instrumentation, per 100 

assisted deliveries 

Minimize 

g 4 , Efficiency g 4 , 1 : Expenses with staff Expenses with staff per 

severity-adjusted patient 

Minimize 

g 4 , 2 : Expenses with drugs, 

pharmaceutical products and 

clinical consumables 

Expenses with drugs, 

pharmaceutical products and 

clinical consumables per 

severity-adjusted patient 

Minimize 

g 4 , 3 : Expenses with supplies 

and external services 

Expenses with supplies and 

external services per 

severity-adjusted patient 

Minimize 

g 4 , 4 : Expenses with overtime Expenses with overtime per 

total expenses with staff

Minimize 

g 4 , 5 : Expenses with 

outsourcing 

Expenses with outsourcing per 

total expenses with staff

Minimize 

g 5 , Caesarean Appropriatenesss g 5 , 1 : Volume of caesarean 

sections 

Number of cesarean sections 

per 100 deliveries 

Minimize 

g 5 , 2 : Caesarean sections in 

UCFTPs 

Number of cesarean sections 

in UCFTPs per 100 sections in 

UCFTPs 

Minimize 

g 5 , 3 : First caesarean sections 

in UCFTPs 

Number of first cesarean 

sections in UCFTPs per 100 

deliveries in UCFTPs without 

cesarean section before 

Minimize 

22 
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Table B.2 

Performance table for 2017 for all subcriteria. 

Hospital g 1 , 1 g 1 , 2 g 1 , 3 g 1 , 4 g 1 , 5 g 2 , 1 g 2 , 2 g 2 , 3 g 2 , 4 g 2 , 5 g 3 , 1 g 3 , 2 g 3 , 3 g 3 , 4 g 3 , 5 g 3 , 6 g 4 , 1 g 4 , 2 g 4 , 3 g 4 , 4 g 4 , 5 g 5 , 1 g 5 , 2 g 5 , 3 

a 1 69.2 94.58 2.6 1.13 1.68 82.37 7.46 3.18 52.84 0.75 0.00 0.00 0.10 0.33 0.47 0.64 2089 544.99 649.00 13.4 7.80 31.7 33.0 33.0 

a 2 96.8 97.75 7.9 1.16 1.80 70.26 6.36 0.85 92.17 0.61 0.00 0.00 0.00 0.18 0.21 8.80 2298 334.63 660.00 14.4 8.40 29.0 26.1 26.1 

a 3 76.2 59.81 2.9 1.60 3.08 66.44 7.81 4.47 51.14 0.90 0.04 0.06 0.11 0.59 0.37 3.16 1941 699.15 511.00 11.6 6.20 29.1 29.9 29.9 

a 4 65.6 77.74 7.1 1.03 2.14 82.13 9.22 2.19 32.38 0.79 0.00 0.00 0.00 0.05 0.08 0.79 1745 578.45 519.00 11.0 8.00 28.7 48.3 53.4 

a 5 75.0 61.97 0.8 1.72 3.07 88.25 4.94 3.90 67.09 1.03 0.02 0.00 0.09 0.34 1.36 3.21 1866 1153.02 572.00 13.2 8.90 31.9 40.6 41.8 

a 6 61.3 76.14 0.6 1.36 2.44 82.28 7.22 2.72 58.29 0.52 0.17 0.00 0.15 0.67 1.41 2.22 2030 746.17 488.00 12.0 5.60 23.5 29.0 28.2 

a 7 57.6 78.79 1.0 1.27 2.05 80.03 6.29 2.68 22.11 0.59 0.00 0.01 0.05 0.10 0.62 3.18 1799 689.04 468.00 14.8 7.90 25.2 28.0 28.0 

a 8 67.4 73.84 5.9 1.38 3.19 82.07 9.83 3.36 36.06 0.74 0.00 0.39 0.03 0.45 0.63 1.53 2042 670.77 846.00 11.7 16.10 27.4 28.2 28.2 

a 9 47.2 83.25 6.8 0.79 1.26 83.41 6.31 3.17 53.31 0.89 0.03 0.01 0.15 0.12 0.41 1.51 1535 539.33 546.00 12.0 9.30 22.7 22.8 22.8 

a 10 69.8 77.59 6.8 2.40 4.78 73.22 8.74 3.52 63.36 0.64 0.32 57.16 1.52 9.23 1.76 3.24 2286 766.22 619.00 13.9 2.90 36.7 48.0 48.0 

a 11 60.9 63.64 14.7 1.01 1.59 80.73 8.27 4.10 49.03 0.63 0.00 0.02 0.11 0.27 0.49 3.79 1402 988.09 449.00 11.0 5.20 28.5 29.5 29.5 

a 12 67.8 54.71 4.4 1.82 3.61 85.56 10.43 3.27 25.25 0.67 0.01 0.00 0.08 0.37 1.14 4.31 1945 843.51 653.00 15.0 5.70 28.2 29.6 29.5 

a 13 67.9 57.80 9.6 2.83 3.48 90.96 8.42 4.48 34.64 1.86 0.03 0.02 0.07 0.43 0.78 4.65 1695 754.83 374.00 12.6 2.20 22.4 28.3 28.3 

a 14 67.5 70.91 1.5 1.20 2.12 88.84 10.78 2.99 78.56 0.98 0.01 0.09 0.04 0.21 0.14 0.59 1719 709.42 515.00 14.0 4.20 37.7 48.7 48.7 

a 15 74.0 60.24 5.2 2.01 3.72 73.76 7.30 5.76 23.42 1.46 0.08 1.80 0.21 0.69 0.42 1.94 1977 920.05 608.00 14.6 7.00 26.6 25.8 25.5 

a 16 59.1 81.58 1.6 2.90 3.69 75.98 7.49 3.61 60.36 0.83 0.03 0.03 0.15 0.82 0.66 1.67 1540 991.53 306.00 12.0 3.10 29.4 30.6 30.6 

a 17 61.1 65.29 5.1 2.37 3.42 71.80 6.42 3.41 24.34 0.52 0.14 0.03 0.04 1.22 0.49 4.63 1687 850.57 661.00 14.0 4.70 34.0 38.8 31.0 

a 18 54.9 59.55 3.9 1.39 1.80 72.88 8.32 5.04 32.69 0.69 0.06 0.11 0.42 1.29 0.79 2.76 1363 826.27 569.00 15.5 7.30 31.6 51.8 38.0 

a 19 90.2 54.20 2.5 1.48 2.57 85.50 7.44 4.03 9.00 1.05 0.01 0.04 0.31 0.70 0.87 4.70 1413 903.95 411.00 12.1 5.60 26.3 25.8 25.4 

a 20 77.2 64.81 4.4 3.88 5.73 76.74 8.16 5.14 35.43 1.39 0.09 0.08 0.18 0.48 0.37 0.00 1575 1220.87 405.00 10.6 3.00 27.5 31.7 31.7 

a 21 73.3 66.10 8.6 3.38 5.23 79.04 9.15 4.14 39.04 1.30 0.02 0.03 0.10 0.34 0.23 0.34 1530 1023.26 416.00 12.4 0.60 29.9 33.2 33.2 

a 22 82.6 59.31 4.2 4.93 7.19 84.83 7.90 5.26 29.99 1.31 0.04 0.01 0.16 0.72 0.55 2.67 1640 1101.73 383.00 13.7 1.00 30.9 30.8 30.7 

a 23 61.2 78.34 3.4 4.64 7.09 77.67 6.83 3.35 55.60 0.95 0.09 0.04 0.23 0.61 0.70 2.21 1317 1012.11 339.00 13.8 1.40 28.0 27.2 26.7 

a 24 68.1 69.21 9.1 3.30 6.40 79.09 6.21 3.42 42.17 0.65 0.05 0.02 0.15 0.95 0.45 2.55 1372 1281.35 346.00 14.0 1.40 27.6 29.2 26.3 

a 25 69.5 71.77 1.4 4.45 5.58 80.70 4.89 4.49 48.73 0.98 0.02 0.02 0.18 1.35 0.62 4.49 1409 1361.12 375.00 11.8 1.10 24.9 28.8 28.8 
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Table B.3 

Performance table for 2018 for all subcriteria. 

Hospital g 1 , 1 g 1 , 2 g 1 , 3 g 1 , 4 g 1 , 5 g 2 , 1 g 2 , 2 g 2 , 3 g 2 , 4 g 2 , 5 g 3 , 1 g 3 , 2 g 3 , 3 g 3 , 4 g 3 , 5 g 3 , 6 g 4 , 1 g 4 , 2 g 4 , 3 g 4 , 4 g 4 , 5 g 5 , 1 g 5 , 2 g 5 , 3 

a 1 76.1 96.00 3.2 1.14 1.80 83.10 7.30 3.96 29.70 0.75 0.02 0.00 0.14 0.46 0.17 0.93 2559 541.65 566.72 10.6 6.80 31.7 33.0 33.0 

a 2 95.8 99.20 7.6 1.19 1.83 69.80 6.56 1.52 84.30 0.54 0.00 0.00 0.00 0.22 0.34 1.52 2566 341.12 598.84 14.4 7.30 29.0 26.1 26.1 

a 3 83 69.40 0.1 1.63 3.09 70.20 8.38 4.90 45.40 0.99 0.02 0.01 0.08 0.48 0.28 2.97 2063 845.06 526.06 9.3 6.04 29.1 29.9 29.9 

a 4 56.2 82.70 0.6 1.06 2.15 88.50 8.18 2.31 32.40 0.74 0.01 0.00 0.00 0.09 0.00 0.27 1759 2543.22 537.76 11.9 6.72 28.7 48.3 53.4 

a 5 74.1 62.80 2.8 1.81 3.09 81.80 5.36 3.85 65.00 0.87 0.10 0.00 0.08 1.02 0.99 4.35 2022 691.12 534.50 10.5 8.43 31.9 40.6 41.8 

a 6 66.4 82.20 1.1 1.48 2.46 83.10 6.93 2.96 66.50 0.48 0.05 0.00 0.23 0.65 1.35 2.26 2135 525.45 508.70 12.1 5.25 23.5 29.0 28.2 

a 7 59 80.90 4.1 1.15 1.65 84.60 6.90 2.65 23.80 0.63 0.00 0.00 0.20 0.21 0.37 2.04 2091 633.31 490.63 13.2 5.86 25.2 28.0 28.0 

a 8 83.9 72.70 10.4 1.41 3.16 85.20 9.78 4.13 31.30 0.64 0.00 0.00 0.03 0.65 0.46 0.57 2373 139.59 897.92 11.8 13.91 27.4 28.2 28.2 

a 9 60.4 85.90 6.2 0.87 1.35 85.70 6.69 3.50 59.00 0.85 0.04 0.00 0.14 0.36 0.33 0.00 1739 616.93 624.30 12.0 8.48 22.7 22.8 22.8 

a 10 76.3 68.00 5.1 2.45 4.84 72.90 7.20 3.71 53.10 0.70 0.13 0.00 0.11 0.39 0.45 0.00 2472 862.13 628.96 16.0 2.74 36.7 48.0 48.0 

a 11 57.1 74.10 1.5 1.09 1.57 79.60 7.98 4.57 43.50 0.60 0.00 0.00 0.07 0.64 0.64 3.22 1474 1200.58 499.27 11.5 5.04 28.5 29.5 29.5 

a 12 67.6 57.20 8.6 1.88 3.51 81.80 10.50 3.13 33.20 0.54 0.01 0.00 0.15 0.54 0.35 3.21 2702 945.41 827.94 13.7 6.58 28.2 29.6 29.5 

a 13 80.6 49.50 3.4 2.92 3.52 96.80 5.40 4.05 36.70 1.67 0.12 0.00 0.19 1.09 0.98 3.86 1736 841.26 419.30 11.3 2.43 22.4 28.3 28.3 

a 14 64.1 70.10 2.6 1.25 2.21 86.20 11.44 2.91 73.50 1.11 0.02 0.01 0.08 0.44 0.29 0.62 1932 696.23 611.23 12.0 4.33 37.7 48.7 48.7 

a 15 73.2 66.60 4.1 2.03 3.75 79.80 7.09 5.64 12.50 1.38 0.05 0.01 0.26 0.64 0.54 0.90 2318 1019.48 492.76 12.8 7.63 26.6 25.8 25.5 

a 16 55.7 80.80 1.9 2.78 3.51 84.60 7.44 3.76 71.80 0.96 0.08 0.02 0.18 0.61 0.32 1.99 1617 1108.94 329.66 13.2 2.58 29.4 30.6 30.6 

a 17 61.5 65.40 3.4 3.56 3.48 76.00 6.07 3.94 16.50 0.44 0.11 0.06 0.18 0.75 1.01 2.43 1872 987.87 625.34 14.4 4.23 34.0 38.8 31.0 

a 18 76.7 66.10 3.0 1.38 1.73 82.70 4.84 5.53 34.90 0.49 0.03 0.00 0.32 2.01 0.60 2.48 1412 822.24 573.02 15.1 7.26 31.6 51.8 38.0 

a 19 86.5 51.80 4.4 1.57 2.60 90.20 7.09 4.50 26.80 1.29 0.02 0.01 0.24 0.49 1.17 3.62 1378 874.07 404.06 11.4 5.13 26.3 25.8 25.4 

a 20 70.2 63.90 6.7 3.98 5.76 80.20 7.05 4.50 51.20 1.35 0.07 0.05 0.24 0.85 0.09 0.70 1878 1210.46 405.98 9.6 3.56 27.5 31.7 31.7 

a 21 66 65.70 8.0 3.45 5.38 81.10 8.83 4.06 39.20 1.35 0.03 0.00 0.14 0.39 0.14 1.03 1612 151.75 430.98 11.6 0.63 29.9 33.2 33.2 

a 22 75.1 60.90 5.7 5.08 7.04 83.80 6.54 4.82 35.40 1.30 0.07 0.00 0.21 0.56 0.82 3.27 2019 1216.67 435.95 10.2 1.14 30.9 30.8 30.7 

a 23 50 74.60 2.3 4.82 7.11 81.40 5.11 3.25 62.70 0.95 0.04 0.03 0.31 0.55 0.18 3.19 1594 1149.94 348.36 10.7 1.96 28.0 27.2 26.7 

a 24 72.7 79.70 11.3 3.50 5.20 78.40 1.40 2.73 58.30 0.37 0.09 0.00 0.16 0.09 0.41 1.65 1433 1410.01 310.35 11.9 1.45 27.6 29.2 26.3 

a 25 63.5 68.40 0.5 4.52 5.46 79.80 9.44 4.53 43.80 1.05 0.02 0.01 0.25 1.85 0.69 5.97 1491 1538.55 403.17 14.7 0.97 24.9 28.8 28.8 
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Table B.4 

Performances of the reference hospitals per category for Access (g 1 ) . 

Category Performance Reference hospital Subcriterion 

g 1 , 1 g 1 , 2 g 1 , 3 g 1 , 4 g 1 , 5 

C 5 Very Good b 1 5 95.0 95.00 0.0 4.30 6.40 

C 4 Good b 1 4 85.0 85.00 2.0 2.70 4.80 

C 3 Neutral b 1 3 80.0 80.00 5.0 2.10 3.50 

C 2 Poor b 1 2 70.0 75.00 7.0 1.20 2.10 

C 1 Very Poor b 1 1 60.0 70.00 9.0 1.00 1.70 

Table B.5 

Performances of the reference hospitals per category for Patient Safety (g 3 ) . 

Category Performance Reference hospital Subcriterion 

g 3 , 1 g 3 , 2 g 3 , 3 g 3 , 4 g 3 , 5 g 3 , 6 

C 5 Very Good b 1 5 0.00 0.00 0.00 0.00 0.05 0.15 

C 4 Good b 1 4 0.03 0.02 0.08 0.03 0.16 0.35 

C 3 Neutral b 1 3 0.05 0.04 0.15 0.06 0.33 0.64 

C 2 Poor b 1 2 0.10 0.06 0.21 0.76 0.64 1.00 

C 1 Very Poor b 1 1 0.12 0.09 0.31 1.20 0.81 2.05 

Table B.6 

Performances of the reference hospitals per category for Efficiency (g 4 ) . 

Category Performance Reference hospital Subcriterion 

g 4 , 1 g 4 , 2 g 4 , 3 g 4 , 4 g 4 , 5 

C 5 Very Good b 1 5 1408 537.94 348.12 10.6 1.14 

C 4 Good b 1 4 1536 689.56 407.24 11.6 2.62 

C 3 Neutral b 1 3 1829 847.82 509.85 12.08 5.22 

C 2 Poor b 1 2 2039 1082.11 605.71 13.98 7.29 

C 1 Very Poor b 1 1 2381 1287.73 660.08 14.82 8.51 

25 
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Table B.7 

Performances of the reference hospitals per category Caesarean Appropriate- 

ness (g 5 ) . 

Category Performance Reference hospital Subcriterion 

g 5 , 1 g 5 , 2 g 5 , 3 

C 5 Very Good b 1 5 15.0 15.0 80.0 

C 4 Good b 1 4 20.0 20.0 85.0 

C 3 Neutral b 1 3 28.4 31.2 90.0 

C 2 Poor b 1 2 30.0 30.0 95.0 

C 1 Very Poor b 1 1 35.0 35.0 100.0 

Table B.8 

Weight attributed by the DM to each subcriterion of Access (g 1 ) . 

Criterion Subcriterion Non-normalized weight Normalized weight 

g 1 , 

Access 

g 1 , 1 2.00 27.10 

g 1 , 2 1.88 25.47 

g 1 , 3 1.50 20.33 

g 1 , 4 1.00 13.55 

g 1 , 5 1.00 13.55 

Table B.9 

Weight attributed by the DM to each subcriterion of Patient Safety (g 3 ) . 

Criterion Subcriterion Non-normalized weight Normalized weight 

g 3 , 

Pa- 

tient 

Safety 

g 3 , 1 5.09 14.69 

g 3 , 2 7.55 21.79 

g 3 , 3 10.00 28.87 

g 3 , 4 10.00 28.87 

g 3 , 5 1.00 2.89 

g 3 , 6 1.00 2.89 

Table B.10 

Weight attributed by the DM to each subcriterion of Efficiency (g 4 ) . 

Criterion Subcriterion Non-normalized weight Normalized weight 

g 4 , 

Efficiency 

g 4 , 1 7.43 20.72 

g 4 , 2 10.00 27.88 

g 4 , 3 10.00 27.89 

g 4 , 4 7.43 20.72 

g 4 , 5 1.00 2.79 

Table B.11 

Weight attributed by the DM to each subcriterion of Caesarean Appropriateness 

(g 5 ) . 

Criterion Subcriterion Non-normalized weight Normalized weight 

g 5 , 

Cae- 

sarean 

Appropriateness 

g 5 , 1 1 20 

g 5 , 2 2 40 

g 5 , 3 2 40 

Table B.12 

Indifference and preference thresholds of the subcriteria. 

Threshold Subcriterion 

g 1 , 1 g 1 , 2 g 1 , 3 g 1 , 4 g 1 , 5 

q 2.0 2.0 2.0 0.4 0.4 

p 5.0 5.0 3.0 0.5 0.5 

g 2 , 1 g 2 , 2 g 2 , 3 g 2 , 4 g 2 , 5 
q 3.0 1.0 0.3 3.0 0.2 

p 5.0 2.0 0.5 5.0 0.3 

g 3 , 1 g 3 , 2 g 3 , 3 g 3 , 4 g 3 , 5 g 3 , 6 
q 0.01 0.01 0.01 0.01 0.02 0.02 

p 0.01 0.01 0.01 0.01 0.02 0.02 

g 4 , 1 g 4 , 2 g 4 , 3 g 4 , 4 g 4 , 5 
q 50.0 50.0 25.0 0.5 0.5 

p 100.0 100.0 50.0 1.0 1.0 

g 5 , 1 g 5 , 2 g 5 , 3 
q 3.0 3.0 1.0 

p 5.0 5.0 3.0 

Table B.13 

The existing λ-binary relations between 

the hospitals and the categories for λ = 

0 . 6 . 

Hospital C 1 C 2 C 3 C 4 C 5 

a 1 � I I I ≺
a 2 � � � I ≺
a 3 I I ≺ ≺ ≺
a 4 � � I ≺ ≺
a 5 � I I ≺ ≺
a 6 � I ≺ ≺ ≺
a 7 � I ≺ ≺ ≺
a 8 I ≺ ≺ ≺ ≺
a 9 � � I I ≺
a 10 I I ≺ ≺ ≺
a 11 � I ≺ ≺ ≺
a 12 I I ≺ ≺ ≺
a 13 � � � R ≺
a 14 � I I ≺ ≺
a 15 � I ≺ ≺ ≺
a 16 � I ≺ ≺ ≺
a 17 I ≺ ≺ ≺ ≺
a 18 � I ≺ ≺ ≺
a 19 � I I ≺ ≺
a 20 I ≺ ≺ ≺ ≺
a 21 � I ≺ ≺ ≺
a 22 � I ≺ ≺ ≺
a 23 � I I ≺ ≺
a 24 � � ≺ ≺ ≺
a 25 I ≺ ≺ ≺ ≺
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Fig. C.3. Evolution of the hospitals’ quality from 20
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