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Abstract

In Portugal, public hospitals provide universal, general, and tendentiously free access to all Portuguese
citizens, having only a handful of Public-Private Partnerships (PPPs). Since some significant reforms,
which started in 2002, four hospitals were created under the PPP regime. The creation of those four
hospitals presupposed a choice made in favour of another, being the other the establishment of regular
public hospitals. In Portugal, the discussion on which one of these two models improves hospital per-
formance increased, leading to the need to compare Public and PPP hospitals. The present document
starts by presenting the Portuguese health care system. While focusing on secondary health care, the
concept of PPP is brought up, and the four Portuguese PPPs are considered. This study uses Data En-
velopment Analysis (DEA), which can be used to empirically measure hospital technical efficiency, and
Malmquist index, a robust non-parametric index which can be applied to measure group performance,
alongside recent data about Portuguese hospitals (FY2015-FY2019). The sample contains information
about 28 hospitals, from which four are PPPs. The DEA results show that PPP hospitals have the best
average performance. However, they also show that although public hospitals presented the best levels
of productivity, they also had the highest efficiency spread.

Keywords: Public-Private Partnerships, Public Hospitals, Healthcare Management, Data Envelopment

Analysis, Malmquist index for group comparison

1. Introduction

PPPs in the health care sector in the last years
have experienced considerable growth. In Portu-
gal, PPPs in health care have emerged in four
major hospitals: Hospital de Cascais, Hospital de
Braga, Hospital de Vila Franca de Xira and Hos-
pital Beatriz Angelo - Loures, in what is called the
first health care PPP wave. Some of the PPPs are
facing the end of their contracts, and the discus-
sion in whether or not to renew those contracts or
even to create new ones is in the spotlight.

Empirical evidence of the benefits of using PPPs
in health care is mixed [25]. Little attention has
been paid in the literature regarding differences be-
tween Public Hospitals and Public-Private Partner-
ships, especially in terms of the performance gap
between them. The coexistence of both PPP and
public hospital models demands in-depth analysis
S0 a reasoned decision can be reached about the
suitability of each model. It is necessary to have
unbiased information available and compare the
performance of both models, to achieve such a de-
cision.

The primary goal of this study is to apply the
most suitable benchmarking alternative to the most

detailed set possible, in order to compare the two
groups of hospitals and draw lessons from it. The
objective can be simplified to the question made on
the title "Do PPP hospitals outperform the corpora-
tized ones?”.

The rest of this study is organized as follows.
Section [2| introduces the reader to the Portuguese
NHS and Section [3] explains the concept of PPP
and does a literature review. Section |4] explains
and details the adopted methodology based on the
literature review made. Section [§ details the vari-
ables and model specifications, while the results
and discussion are provided in Section [6] Finally,
Section [7] provides a summary of the results and
some final remarks on the more relevant findings.

2. The Portuguese National Health Service

In 1974 a democratic revolution occurred in Portu-
gal, putting an end to a dictatorship that lasted over
40 years. Two years later, the Portuguese Con-
stitution was approved, being recognized citizens’
right to health care by "the creation of a universal,
free-of-charge National Health Service[] [2]. On
July 28, 1978, an order was published, known as

"Decree number 10/04 of 1976, article 64



"Despacho Arnaut” which was an anticipation of
the NHS since it allowed access to all citizens to
medical-social services, regardless of their ability
to pay.

Following the constitution and "Despacho Ar-
naut’, in 1979, the law that enabled the right to
health care was approved and, accordingly, the
NHS was createdf] The NHS guarantees uni-
versal, general and free health care services to
all citizens. Universal access means access to
all citizens regardless of their economic or social
status (ability or willingness to pay), and general
means to all areas and needs [20]. Although both
of these last constitutionally principles (universality
and generality) have prevailed to this day, the "free-
of-charge” principle did not. A revision of the con-
stitution was made in 1989] making the access
"tendentiously free” instead of free, which means
the users of the NHS now have to pay fees [2].

The NHS provides health care services at differ-
ent levels, such as primary care, secondary care
(or differentiated care), post-hospital care and re-
habilitation (continued care), and palliative care
(end-of-life care) [2].

Primary health care in Portugal consists of a net-
work created by all Regional Health Administra-
tions (RHAs) which aids, simultaneously, in health
and disease prevention, management of severe
health situations according to physical, psychologi-
cal, social and cultural dimensions [20]. Secondary
health care, also known as hospital care since it is
provided by hospitals and hospital centres, is the
most specialized type of care in the NHS [20]. The
public sector in Portugal provides secondary care
through public hospitals. The post-hospital rehabil-
itation care known as "continued care”, is a network
that aims at trying to stabilize and guarantee the
full physical recovery of a patient after hospitaliza-
tiorf_f] [2]. Palliative care is specialized medical care
to handle people living with serious illnesses [2].

2.1. Secondary health care in Portugal: Hospitals
Secondary care, as said before, is mainly pro-
vided by the hospital’s clinical staff. The report
"Estatisticas da Saude 2017” defines hospital as
a health facility that provides medical and surgical
treatment and nursing care for sick or injured peo-
ple, and may contribute to disease prevention, sci-
entific research, and teaching [18].

It is possible to differentiate hospitals into two dif-
ferent types, public and private. In a public hospital,
its owner and main supporter is the state, which
can provide universal or restricted access. A pri-
vate hospital has a private entity as its owner and

2Law number 56/79, 15" September
3Law number 1/89, 8t July
4Decree-Law number 101/2006, 61 June

main supporter, for-profit or not, and may be of uni-
versal or restricted access.

In 2017, there were 225 hospitals in Portugal,
which represents an increase of 27 hospitals when
compared to 2007. The existing hospitals in 2017
were divided into 114 private hospitals (15 more
than in 2007), 107 public hospitals and 4 PPP
hospitals. Given that all PPP hospitals were also
of universal access, the number of universal ac-
cess hospitals per 100,000 inhabitants was 1.0 in
2017 [18].

2.2. Hospital management models

Between 1979 and 2002, all public hospitals were
under the management of the Administrative Public
Sector (Sector Publico Administrativo (SPAF) [11],
which means that they were subjected to pub-
lic/administrative law, being publicly managed and
owned. Following the NPM ideology, which con-
sisted in bringing and adopting management and
organization principles from the private sector to
the health system, and reinforcing the agreements
with the private and social sectors [20]. At the end
of 2002, 31 out of the 34 traditional SPA hospi-
tals have already been transformed into public lim-
ited companies or hospital enterprises (Sociedade
Anénima (Public Limited Company) (SA)E]). SA
hospitals have limited liabilities and are subjected
to commercial/private law [13].

In 2005, all 31 SA hospitals and 5 SPA hospi-
tals were transformed into corporate public enti-
ties (Entidade Publica Empresarial (Public Enter-
prise) (EPE)E]) to maintain the unequivocal public
nature of the hospitals, and enhancing the supervi-
sion and intervention of the Ministry of Health and
Finance. Ten new EPE hospitals were created in
2007 [16]. SA and EPE management differs from
public management because they have more au-
tonomy in certain aspects. They do not follow a pri-
vate management model because their autonomy
is supervised. This is an intermediate situation re-
garding the type of management between a SPA
hospital and a private hospital [16].

Meanwhile, it was announced by the government
some hospital projects that would be launched un-
der a PPP [24]f] PPPs have private investment,
public funding, private management, and public
ownership. Under this PPP model, four hospitals
were created, and some more were announced,
but their creation was after dismissed.

51n order to simplify notation hospitals that belong to the pub-
lic sector are going to be referred as SPA hospitals

6This occurred under the Law number 27/2002, 8" Novem-
ber

"Decree-Law number 93/2005, 7t June

8Decree-Law number 185/2002, 201" August



3. Public-Private Partnership

PPPs were created and used for the first time in the
United Kingdom in the 1970s. They appeared as a
way to undertake major public projects without the
prerequisite of exclusive public funding, while also
sharing the risk with the private sector [25].

There is not a textbook definition of PPP. Some-
times it is only referred to as a traditional project
carried out by the public sector, as it can be de-
fined as a simple contract between the private and
public sector. However, as Reich explains in his
book [23], a good PPP definition always has three
points. First, the existence of at least one private
for-profit organization and one not-for-profit or pub-
lic organization. Second, both entities want as a
goal the creation of social value. Third, both enti-
ties share efforts and gains.

In Portugal, the government created a decree-
lawP] where it is possible to find the definition of
PPP: “contract or the union of contracts whereby
private entities, designated as private partners, un-
dertake, on a long-term basis, towards a public
partner, to ensure the performance of an activity
aimed at the satisfaction of a collective need, and
assume responsibility, in whole or in part, for the
financing and operation thereof”.

3.1. PPPs in health care

PPPs in health care can be used in the hospital
sector since hospitals consume about half of the
health sector budget. The different PPP projects
in this sector are differentiated based on the group
of activities included in the contract. Arrangements
can go from just considering the management of
the hospital infrastructure by a private entity to hav-
ing a full-service provision at all levels of care [14].
In the health sector, there are mostly three models:
Unite Kingdom (UK) model (model 1), Portuguese
model (model 2) and Alzira model (model 3) [3].

UK model. A partnership made to cre-
ate/restructure and operate hospital infrastructure.
It is not linked with hospital and clinical manage-
ment. This model can build or restructure the hos-
pital depending on the option chosen. The wide
acceptance of this model has to do with not includ-
ing clinical management by the private sector, leav-
ing the hospital’s core business to the public sec-
tor [26]

Portuguese model. A contract that includes in-
frastructure and soft facilities services as the UK
one, but also clinical and medical activities. There-
fore, it is the responsibility of the private contrac-
tor to recruit, train and manage clinical staf{’®} as

®Decree-Law number 86/2003, 261 April (amended by
Decree-Law number 111/2012, 23" May)

10Although, if this model is applied to a running hospital (sub-
stitution hospital), the clinical staff as to be maintained under
the new management.

well as to maintain, operate and purchase medical
supplies. The Portuguese model was applied in all
of the four hospitals of the first health care PPP
waved]

Alzira model. It is characterized by having full-
service provision at all levels of care. It is not
limited to the hospital perimeter, as it also ex-
tends to primary care centres [14]. An example
of this model is the Hospital de La Ribera, Valencia
(Alzira), Spain [4].

3.2. PPP hospitals in Portugal

The first experience of implementing a private
management model in a public hospital began in
1995 with the signing of a contract for the private
management of a general hospital, Hospital Fer-
nando Fonseca [9], in Amadora, a district hos-
pital with 670 beds and integrated into the NHS.
By government decision, this partnership ended in
2008 and was turned into an EPE hospital. Since
2001, this kind of contracts in health care became
more frequent, being announced in that year the
first wave of hospitals in a PPP regime.

The first wave is based on a management con-
tract with two managing entities, one for build-
ing management and another for the clinical ser-
vices component. Four hospitals emerged from
this wave, Hospital de Braga, Hospital de Vila
Franca de Xira, Hospital de Cascais, and Hospi-
tal de Loures. Table [1] briefly presents the main
features of the first wave of hospital PPPs.

Table 1: Main features of the Portuguese first wave of hospital
PPPs.

Private partner responsible for the
infrastructure management

Private partner responsible for the
clinical management

Model DBFOT, including clinical services

Contract Issues  To design, build, and preserve
(manage) the infrastructure and hard
facilities (ancillary services)

To manage clinical staff and
deliver health care to all citizens

Duration 30 years 10 years

Responsible Hospital building management

company

Hospital facility management
company

Activity Design, construction and maintenance
of hospital facilities, hard facilities
management and heavy fixed
equipment

Hospital management, clinical service
management, soft facilities
management and mobile equipment

Payment Based on services availability (penalties

for service failures)

Based on contracted production
(penalties for low quality)

Source: author. Adapted from [27] and |3} 9]

3.3. Past research on PPP hospitals in Portugal

Since the objective in this case study is focused on
the Portuguese reality, a thorough review is made
on the literature that encompasses Portuguese
hospitals. The most important works studying the
reality of hospital PPPs in Portugal were consid-
ered. From that review, some noteworthy works,
such as, Ferreira [10] who seeks to understand if
the existent hospital PPPs in Portugal have given

" Currently some of them have or are scheduled to change
the model type, having Hospital de Braga already change to a
public hospital.



rise to value gains for the financing entity (the
State) or have led to inefficient management of
the financed resources. As a result, he concludes
that, in order to achieve a successful PPP, improve-
ments are needed in decision making, budgeting,
transparency, accountability and participation, and
increased state bargaining capacity.

Nunes and Matos [21], studied the performances
of hospitals in a PPP regime, designing a bench-
marking exercise with the DEA for the years 2013,
2014 and 2015. As results obtained that from the
four hospitals analyzed, three of them were effi-
cient in the three studied years, being only one
considered inefficient. The aim of implementing
PPPs in hospitals to improve hospital efficiency
and productivity, according to the results of this
study, was in part achieved. Most of the PPP hospi-
tals were efficient when compared with themselves
and with other hospitals of the NHS.

Ferreira and Marques [14] uses Benefit of
Doubt (BoD) with data about Portuguese hospitals
(FY2012-FY2017) to evaluate if PPP hospitals can
deliver health care with social performance levels
at least as good as public hospitals. Concludes
that PPPs are not expected to have lower perfor-
mance levels when comparing to public hospitals.
However, there may be an interface problem lead-
ing to a potential conflict of interests between both.

4. Methodology

A comparison between homogeneous entities ex-
hibiting similar production technologies can be
made, using a frontier where most efficient orga-
nizations within the sample of organizations under
analysis are placed. This frontier can be called the
efficient frontier.

Models to estimate the efficiency frontier can
be divided into two broad categories: paramet-
ric and non-parametric. Parametric models use
econometric tools, and require specification of a
particular functional form of the production func-
tion. Non-parametric models, place no conditions
on the functional form, estimating the shape of the
frontier using observed data and, thus, requiring
smaller assumptions [17]. To this day, Stochastic
Frontier Analysis (SFA), is the predominant form of
the parametric models used. In the non-parametric
case, most methods take the form of DEA and its
derived models [19].

DEA, or some particular case of it, is the most
used tool in works that measure performances of
hospitals. Consequently, this study will use DEA
to evaluate hospitals’ performance. The Malmquist
index is also often used to complement the DEA
methodology, being also added to the methodology
of this study.

4.1. Data envelopment analysis

DEA is a non-parametric model that can take mul-
tiple inputs and outputs using them in a linear pro-
gramming (optimization) model that gives a sin-
gle score of technical efficiency per observation.
DEA plots the production frontier for a sample of
health care providers using linear programming
techniques [17]. The providers that lie on the fron-
tier are considered efficient, and the ones who lie
inside are inefficient.

DEA models can follow two distinct orientations:
Input and Output orientation. When efficiency is
input oriented there is a focus on reducing inputs
to increase efficiency, holding outputs. However, in
output orientation, the goal is the output augmen-
tation to increase efficiency, holding inputs [22].

DEA also has two main approaches, Constant
Returns to Scale (CRS) and Variable Returns to
Scale (VRS). CRS reflects the fact that output
will change by the same proportion as inputs are
changed. VRS does not assume that the scale of
economies maintain constant as the size of the ser-
vice facility increases [22].

4.1.1. Mathematical formulation
The general mathematical formulation of DEA cor-
responds to the resolution of a set of n linear pro-
grams, in order to estimate the efficiency scores of
Decision Making Units (DMUs). Since the objective
of this work is to measure performances of differ-
ent hospitals to compare them, the DMUs in this
example are hospitals. Let’s consider a set of m in-
puts, z7,i=1,...,m, and a set of outputs, 3/, r=1,
...,S, evaluated for n hospitals (j= 1, ...,n). Hospi-
tal k can be represented by the vector (7, y7) [17].
It is required the creation of a group of other hospi-
tals to evaluate the efficiency of a given hospital, k,
against which comparison will be undertaken.
Technical efficiency of hospital k can be calcu-
lated by minimizing or maximizing the objective
function 6*. Hospital k is technically efficient if
0% =1, 6% € [0,1], that is, input consumption is op-
timal [8]. Otherwise, to become efficient hospital k
must reduce its resource consumption and waste.
The input-oriented and output-oriented DEA mod-
els can be described as follows:
DEA output-oriented:

max ®*

s.t.

Z?zl)\j:rg <zFi=1,....m

E?:1 Nyl > ®kyk r=1,... s

Z;‘:l M=1 (VRYS)

MN>0,7=1,...,n

(1)

where, n - number of hospitals; m - number of in-
puts; s - number of outputs; A - scale coefficient €
[0,1]; x - inputs; y - outputs.



4.2. Benefit of doubt

The label “Benefit of Doubt (BoD)” derives from
one conceptual point of DEA, which is, knowledge
on the right weighting scheme for hospital perfor-
mance benchmarking can be acquired from the
hospital data themselves [6]. Behind this lies the
idea that, when hospital k performs well in a par-
ticular indicator, that policy dimension is relatively
essential to the hospital. Thus, giving this inter-
pretation of higher importance to relative strengths,
hospitals will set their own “optimal” weighting
schemes [6].

The BoD approach can be considered equivalent
to the original DEA model since it considers all indi-
cators as outputs, but a “dummy input” equal to one
for all the hospitals [7]. Considering inputs equal
to one, for example, the output-oriented model be-
comes:

DEA output-oriented:

max o

s.t.

> i1 Nyl > ®Fyk r=1,...,s
E;;l M =1(VRS)
M>0,7=1,...,n

The main advantage of applying the BoD is the
flexibility that it provides in the weight choice. Any
other weighting approach would worsen the posi-

tion of the evaluated hospital relative to the other
hospitals [7].

(@)

4.3. Malmquist index
The Malmquist index is usually applied to measure
productivity changes over time. The most widely
applied Malmquist index approach uses distance
functions, usually through DEA, using them to con-
struct quantity indices as ratios [19]. Then, it can
be decomposed into two components, efficiency
and technological change.

The most common way of formulating the
Malmquist index is [12, [19]:
D5 (Xps1, Yegn)

METY (X, Y, Xy, Vi) =
(@) ( ty Lty At41, t+1) Dto (Xta}/t)

=B(X+,Ys, Xt41,Yy)
2
DY (Xus1,Yes1) - Db (X0, Yi) 1"

3)
DEY (X1, Yeg1) - D5 (X4, Yr)

=T(X:,Ye,Xr,Yet1)

As mentioned, the Malmquist index is defined
using distance functions, hence D, represents
those functions in periods t and ¢t + 1. If Mg > 1,
performance has decreased between period ¢t and
period t+1. E represents the change in the techni-
cal efficiency levels between ¢t and ¢+ 1, whereas T
represents technological change, changes in pro-
ductivity levels due to technical progress, in the
same period [12].

4.4. Malmquist index for group comparison
Malmquist index for group comparison, already
used by Ferreira [11] and Camanho [5], focus on
group comparison for a given moment in time [5].
The general approach to use the Malmquist in-
dex for group comparison starts with applying DEA
methodology to identify the group frontiers. Then,
using Malmquist indexes, it is measured group per-
formance. With this, a new aggregated perfor-
mance measure is obtained, which can be multi-
plicatively decomposed into the two indexes pre-
viously mentioned. The overall performance mea-
sure can be written as follows [9]:

1/8
[AB _ [Hé'A p4 <XJA’YJA>] B

j=1
(132,07 (<P )] 7
=IEAB
1/6 1/6g71/2
(M2, 27 (xfvi) ™ (2 0P (xP.vpP)) 7

(4)

(2 02 (523) 7™ (102, 02 ()

=IFAB

IEAB is a ratio that compares how efficiency
spreads within groups, and IF4% evaluates the
difference in productivity between the frontiers of
the two groups. This decomposition shows that
improvements in performance can be caused by:
low scatter in efficiency levels of the DMUs in one
group when in comparison with another, and/or the
best practice frontier is dominant. When IE4E is
less than one, there is better consistency in effi-
ciency levels in DMUs of group A than in those of
group B. When I F4E is less than one means that
productivity of the frontier of group A is greater than
the one of group B [5]. The use of this Malmquist
index version is likely to help to answer the re-
search question: "Do PPP hospitals outperform the
corporatized ones?”. If one constructs two differ-
ent clusters (one for PPPs and another for public
hospitals), then they can be compared through the
Malmquist index above. It is worth to mention that
the applied model will couple the Malmquist index
with the BoD with weight restrictions to include de-
cision making preferences.

5. Data & variables

In order to evaluate the performance of hospitals,
an extensive, and reliable database is needed. As
such, the selection of the variables, as well as the
sources, must be carefully made. In general, the
choice of variables follows criteria like data avail-
ability and quality, as well as a comprehensive lit-
erature review. The data used in this study was
primarily provided by the official database of the
Portuguese Ministry of Health, the Central Admin-
istration of Health Systems (ACSS)'<|, and also by
the online platform Transparénci

"Zhttp://benchmarking.acss.min-saude.pt/
"Bhttps://www.sns.gov.pt/transparencia/
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5.1. Variables
Based on the literature review made in Subsec-
tion [3.3] a crossing between the most used vari-
ables in the literature with the variables provided by
the sources ACSS and Transparéncia was made.
Some variables were not precisely the same, but
proxies were made to overcome that obstacle.
Figure [1| provides the variables selected for this
study. Three different types of Key Performance
Indicators (KPls) were created, efficiency, access,
and quality. Efficiency is subdivided in services
availability, which regards the existence of re-
sources to be used when needed, productivity, pro-
viding ratios between outputs and inputs of the
hospital, and financial KPIs, measurements that
describe economic units. Access, in this particu-
lar case, access to healthcare services, is defined
by the ability of one citizen to use a specific ser-
vice whenever necessary and at her/his will. Qual-
ity KPIs refer to patients’ care appropriateness and
clinical safety, where the first regards the ability
to provide patient-centred care services backed by
evidence-based guidelines, and the second is the
ability to prevent complications or even preventable
deaths from happening during care.

SERVICES '

AVAILABILITY {f.‘ M, Inpatient per hospital beds,
k3 M, Inpatient per FTE doctor,

PRODUCTIVITY < ki M, Inpatient per FTE nurse,

kj , Hospital accupancy rate,

EFFICIENCY

FINANCIAL {Ah Operational costs per inpatient,

k, m, Inpatient per hospital beds
ky m, Inpatient per FTE doctor
k3 m, Inpatient per FTE nurse
kg , % of first non-urgent medical appointments
within the maximum (legislated) guaranteed time
ki , % LSS subscribers with waiting time
less than or equal to METG (P1 - 270 days)
ky , Average delay before surgery (in days)
kg . % of hip surgeries in the first 48 hours after fracture

ACCESS

“|‘u‘ % Ambulatory surgery (HDG) for
outpatient procedures ,

kyy, % Readmission within 5 days after discharge
(different civil years),

ky3, % Readmission within 30 days after discharge
(different civil years),

k4, % Readmission within 31-180 days after discharge
(different civil years),

k4, % of admissions with delay over 30 days ,

ks, % of caesarean deliveries ,

ks, % Surgical outpatient (surgical interventions) ,

KPIs

Care
APPROPRIATNESS

QuaLITy

k5, Pressure ulcer rate ,

k5, % of Hemorrhagic stroke mortality,

kg, % of Ischemic stroke mortality,

k. Catheter related bloodstream infections rate ,

k. Postoperative pulmonary embolism/deep vein
thrombasis per 100 inpatients,

k., Posloperative seplicaemia cases per 100 inpatients,

ko, % of Instrumented vaginal births with
3% and 4" degree lacerations ,

CLINICAL
SAFETY

Figure 1: KPI's selected. Note: k™ identifies the desirable
variables while £~ identifies the undesirable ones. Variables
in italic mean that they will be subsequently removed from the
data base. FTE - fulltime equivalent; LSS - list of surgery sub-
scribers; MRTG - maximum response time guaranteed; HDG -
homogeneous diagnostic groups

Source: author

A statistical analysis of the sample was made for
each KPI selected. Two tests were implemented
to complement the statistical analysis, the two-

sample t-test and Kruskal-Wallis test. In this case,
it was used to compare the two groups of hospitals
(public and PPP hospitals). These tests reject the
null hypothesis at the 5% significance level.

From this analysis, only in three KPIs (k;, k13,
and k), the null hypothesis was rejected, that is,
both public and PPP hospitals show similar results.

Excluding some exceptions, both tests provide
similar conclusions on the best performers, which
may result from the considerable size of the sam-
ple. Based on the results obtained, some conclu-
sions can be extracted regarding the types of KPls:

e PPPs outperform public hospitals regarding
the health care appropriateness;

e Public hospitals outperform PPPs concerning
clinical safety, although not in all KPIs;

e In terms of access KPIs there is a superior
performance of PPP hospitals, with exception
to one KPI,

e There is no clear evidence supporting the hy-
pothesis that one group outperforms the other.

These findings do not provide any consistent
conclusion on the best type of hospital manage-
ment, then, surfaces the need to use a benchmark-
ing tool to optimise the weights given to each di-
mension. BoD and Malmquist index for group com-
parison are the tools that will provide a composite
index allowing to discover which group (public or
PPP) has a better overall performance.

It was calculated the Pearson’s correlation coef-
ficient, for the variables used in this work, to un-
derstand if variables are providing the same infor-
mation, i.e., highly correlated. As a result, to re-
duce redundant information, two variables were re-
moved from the dataset, that will now comprise 21
variables instead of 23.

All Tables, with the statistical analysis, are avail-
able onlind™]

5.2. Data pre-processing

In this study, it is expected that higher levels of
quality contribute to better hospital overall perfor-
mance. When in the presence of two quality ob-
servations, the largest one provides higher utility to
the hospital. This holds for all desirable variables.
However, quality can be measured through unde-
sirable dimensions as well. In this case, an appro-
priate rescaling must be done.

As noted before, this study assumes that the util-
ity function associated to each quality level should
be increasing, which means, \ﬂc%; > kf((g) =
Uriey(@) 2 Ur(e)(p) ¢, p € 2 [13].

All KPI's were rescaled to the interval [0,100]%,
being hospital p € © with l}f((ﬁ)) = 100 the best per-
former in the KPI »(¢) € T'(¢). Whereas, the worst

"https://drive.google.com/file/d/
19dt7V4JoFxtkC6VwSnZob2xUFL7i0Xdb/view?usp=sharing
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performer is given by Ef(é?

KPI.

=0, € Q, in the same

5.3. Sample

As said, sources provide information for more than
40 Portuguese hospitals. However, hospitals that
had a considerable amount of missing information
were excluded from the sample. Given that, the
sample comprises 28 hospitals (20 hospital cen-
tres, and 8 singular hospitals, of which 4 are PPP
hospitals).

In terms of the period of the sample, it was taken
into consideration that the last PPP to start their
operations was Hospital Vila Franca de Xira, in
March 2013, so it was considered to begin the
timeline of the sample by January 2014, ending in
the last month available which is September 2019.
Since 2014 data has a considerable amount of
missing data, in the variables selected, the begin-
ning of the period was moved to January 2015. It
is essential to mention that Hospital de Braga lost
his PPP status in September 2019, becoming an
EPE hospital.

5.4. Models

This study considers two different models (Mod-
els | and Il) to analyze hospital efficiency. These
models intended to improve the robustness of find-
ings and conclusions of this research. The cre-
ation of these two models is a result of having key
variables with data missing where their exclusion
was not an option. Productivity (Inpatient per Full
Time Equivalent (FTE) doctor) and economic (Op-
erational costs per inpatient) KPIs do not provide
any information on two PPP hospitals (Cascais and
Loures).

e Model | variables with missing data are re-
moved from the database (this model uses 15
out of 17 KPIs). Resulting in a sample of 1596
DMUs (relative to all 28 hospitals), from which
228 DMUs regard PPP hospitals.

e Model Il hospitals with missing data are re-
moved from the database (this model uses all
KPIs). Resulting in a sample of 1482 DMUs
(relative to 24 out of 28 hospitals), from which
114 DMUs regard PPP hospitals.

Each of these two models will unfold into two ver-
sions, m and M. The difference between them lays
in the utilization of different equations, on KPI k;
and k,, upon data pre-processing. These two vari-
ables are unique because they can be classified
as desirable or undesirable variables depending on
the way they are interpreted. If considered as an
access KPI, it is an undesirable variable, if it is
taken an efficiency/productivity approach, it is con-
sidered as a desirable variable.

Models with m version will consider KPI %k, and

k, as undesirable (k; m and k; m), whereas mod-

els with M version considers them as desirable
(kM and k3 M).

In conclusion, this study has two different mod-
els with two variants each: Model | m, Model | M,
Model Il m, and Model Il M.

5.4.1. Model solving

All the computations of the DEA model and
Malmquist indexes were performed recurring to the
Matlab® R20183F_5] due to its high-performance
properties. The computational framework was
all created by the author with help provided by
"Data Envelopment Analysis Toolbox”, a package
for Matlab, developed by Alvarez, Barbero, and
Zofio (2016) [1], that comprises functions to cal-
culate the main DEA models.

A test run was made discarding four variables
(k3gs k31, K3y, a@nd ki3) and the results obtained
were satisfying. Thus they were removed from the
dataset, reducing the total number of KPIs from 21
to 17.

An improvement was achieved by removing
those variables, but DEA (and all non-parametric
methods) are particularly sensitive when using a
high number of variables. Therefore, it was em-
ployed the Principal Component Analysis (PCA)
technique to narrow down the number of variables.
This operation resulted in having only one KPI
(kpca) for each model. In all the PCAs made, the
first component can explain more than 97% of the
original KPIs, meaning that it is a worthy represen-
tation of the variance in the corresponding KPls.

6. Results & discussion

After implementing both models, BoD and
Malmquist index for groups comparison, and us-
ing the database collected and treated in Section
a comprehensive range of results will be drawn
in this section.

6.1. BoD results

Results were exported from Matlab to Excel tables
in order to further analyse them (those tables are
provided onIineFEb. A statistical analysis, similar to
the one made in Section [5 to the KPI's, was con-
ducted for these results. It was added the confi-
dence intervals, the coefficient of variation (CV),
and the frequency of good social performers, which
provides the probability of getting hospitals whose
technical efficiency is, at least, equal to 7, here de-
fined as 7 = 90%. All the Tables can be seen on-
ling™”] The four different models of the study will be
discussed. However, due to the similarity in some

"Shttps://www.mathworks . com/products/matlab.html

https://drive.google.com/file/d/
1bjnB9ZdYTuUybBSN4nenAPfSY3aJ1V9I/view?usp=sharing

""https://drive.google.com/file/d/
16TIdfX1zXjcnWsrLicjE4GKM3Em4P0eNf /view?usp=sharing
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results, only Model | m and Model Il m will be dis-
cussed in depth.

6.1.1. ModelIm

Model | m uses all data from hospitals but does
not include KPIs k, nor k; . It considers KPI k;
as undesirable (k; m). Concerning this model, see
Table |2, which gives the basic statistics for all the
efficiency scores between 2015 and 2019.

Table 2: Global performances basic statistics (Model | m).

2015/2019

Entries
Maximum value
Maximum {Cl}
Percentile 75%
Mean

Median

Hospital Overall

1596
1.000
0.864
0.885
0.863
0.860

Public Hospitals PPP Hospitals

1368 228
1.000 0.977
0.859 0.895
0.879 0.916
0.858 0.891
0.855 0.887
0.831
0.856

0.868
0.888
0.798

Percentile 25%

Minimum {Cl}

Minimum value 0.749

F(r =0.90) 15.60 11.70 39.04

Standard deviation (o) 0.039 0.037 0.035
Coeficient ofvariation (CV) 0.05 0.04 0.04

CV measures heterogeneity among observations, it is calculated by dividing o by the mean.
CI - confidence interval
Source: Author.

0.834
0.861
0.749

First impressions provided by Table [2}

e Only Public hospitals have efficient hospitals
(performance = 1.00), the best PPP performer
has an performance level of 0.977;

e The worst performer belongs to the public hos-
pital group as well, with a performance score
of 0.749. The lowest performance in a PPP
hospital was 0.798;

e PPP hospitals have a higher average per-
formance consistency (§777=0.891, [0.895;
0.888]40%,) than public hospitals (7% =0.855,
[0.859; 0.856]90%,);

e The standard deviation, in both groups, is con-
siderably low, meaning that the performance
results have low dispersion (or heterogeneity);

e The probability of finding good social perform-
ers (9 >0.9) is way higher for the PPP hospi-
tals (39%) than the public hospitals (12%).

Results suggest that to become efficient, both
public and PPP hospitals need to amplify their per-
formances by 14% and 11%, respectively.

Figure |2| gives the average efficiency of each
hospital model for every year of the study (2015
to 2019). By studying this figure, it is possible to
understand how hospital performance developed
throughout the years.

Despite, in 2016, having a small drop of less than
0,5%, public hospitals increase their performance
in every year of the analysis, having an overall in-
crease of 1,5%. PPPs also increase their efficien-
cies each passing year, except for 2016. The net
improvement of the PPP’s performance, along the
studied period, is 0,5%. It is also clearly visible
that, PPPs have a better performance in every year
when compared with their public counterparts. The
difference between both models is around 3 to 4%,
but in the past three years, they appear to be con-

0.920
0.910
0.900

T 0.890

T 0.880
=4

:3 0.870

£ 0.860
0.850
0.840

0.830

2015 2016 2017 2018 2019

Years

Hospital Public hospital PPP hospital

Overall
Figure 2: Hospitals yearly average performance variation be-
tween 2015 and 2019 (Model | m).
Source: author

verging. In 2019, the difference between the two
models reached their lowest, 2,6%.

Two statistical techniques consistent with the
BoD methodology were used to assess the sta-
tistical significance, of the differences in perfor-
mance, between both models for the several years
under analysis. These were the student’s t-test for
means and Kruskal-Wallis non-parametric test for
distributions. These tests determine if there are
statistically significant differences between the two
groups of hospitals.

Table [3| provides results for both tests for every
year of the analysis (2015 to 2019), and all the
years together (2015-2019).

Table 3: Statistical analysis: Student’s t-test for means and
Kruskal-Wallis non-parametric test for distributions for the per-
formance values of Model | m.

2015 2016 2017 2018

Student’s t-test for means
0.0000 0.0000 0.0000
-0.0394 -0.0501 -0.0486
-0.0185 -0.0282 -0.0264
-6.6238 -5.4395 -7.0296 -6.6467 -3.1799

PPP PPP PPP PPP PPP
Kruskal-Wallis non-parametric test for distributions
0.0000 0.0000 0.0000 0.0000 0.0001

PPP PPP PPP PPP PPP

Source: Author.

2019 2015-2019

0.0000
-0.0464
-0.0252

0.0017
-0.0408
-0.0096

0.0000
-0.0390
-0.0285

12,7032
PPP

p-value

A. lower bound
A. upper bound
T statistic

Best performer

0.0000
PPP

p-value
Best performer

Similar outputs were obtained for both tests, hav-
ing all the years presented p-values well below the
significance level of 5%. Both tests reject the null
hypothesis of similar performances of the hospital
groups, which means that one group outperforms
the other, in this case, the PPP hospitals.

Concluding, for this model (Model | m), both tests
declare PPP hospitals as the best group for every
year under analysis.

6.1.2. Model Il m

Model Il m is the model that uses all the KPls, re-
moving the hospitals that have missing data from
the database (Hospital de Cascais and Hospital de
Loures). It considers KPIs k; and k, as undesir-
able (k;m and k; m). A similar table, to Table [2]for
Model Il m, is not portrayed since the same con-



clusions can be withdrawn. Starting by analyzing
the yearly average efficiencies of the hospital mod-
els, it is possible to see, on Figure 3] that the PPPs
are always above public hospitals in terms of per-
formance.
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Figure 3: Hospitals yearly average performance variation be-
tween 2015 and 2019 (Model Il m).

Source: author

By analyzing the individual evolution of public
hospitals, it is possible to see that they increase
their efficiency every year, except for 2016. Public
hospitals have an overall increase of 1.1%. PPP’s
performance starts by having their maximum value
in 2015, and from that year until 2017, has a drop-
in efficiency of 2%. Their performance stays the
same in 2018, increasing in 2019 0.6%. PPPs
throughout this study had a decrease in efficiency
with an overall drop of 1.4% from 2015 to 2019.
Comparing both models, it is clear that PPPs out-
perform public hospitals every year, but that su-
periority has been decreasing. Starting with a
favourable difference in performance for the PPPs
of more than 3%, in 2015, that difference con-
verges through the years to their minimum of only
0.7%, in 2019.

Results from the statistical tests made on the av-
erage efficiencies, for every year of the analysis
can be found in Table [4

Table 4: Statistical analysis: Student’s t-test for means and
Kruskal-Wallis non-parametric test for distributions for the per-
formance values of Model Il m.

2015 2016 2017 2018
Student’s t-test for means

0.0000 0.0333 0.0695
-0.0455 -0.0265 -0.0255

2019 2015-2019

0.0000
-0.0440

0.4797
-0.0255

p-value
A. lower bound

0.0000
-0.0263

A. upper bound -0.0195 -0.0198 -0.0011 0.0010 0.0120 -0.1390

T statistic -5.1083 -4.9952 -2.1386 -1.8215 -0.7080 -6.3819

Best performer PPP PPP PPP similar similar PPP
Kruskal-Wallis non-parametric test for distributions

p-value 0.0000 0.0000 0.0063 0.0106 0.127 0.0000

Best performer PPP PPP PPP PPP similar PPP

Source: Author.

The outputs obtained for both tests are very sim-
ilar, being only 2018 the exception. The student’s
t-test rejects the null hypothesis in 2015, 2016,
2017 and 2015-2019 since their p-values are be-
low the significance level defined as 5%. In the
years that the t-test rejects the null hypothesis, it

also says that the best performer is the PPP hos-
pitals’ group. In 2018 and 2019, the null hypothe-
sis can not be rejected, meaning that both types of
hospital management have similar performance re-
sults. The Kruskal-Wallis test only differs from the
t-test in 2018, rejecting the null hypothesis in that
year, being PPP hospitals the best performers.

The impact of removing two PPP hospitals from
the sample primarily affect the evolution of the
performance of the PPP hospitals throughout the
years. Whereas in Model |, they tend to grow annu-
ally (except for 2016), Model Il drops the PPP per-
formance almost every year (except for 2018). The
evolution of public hospitals does not suffer consid-
erable changes. However, due to the differences
in the PPP performances, the gap between both
models is considerably smaller in Model Il, having
repercussions on the statistical analysis. Model |
statistical tests reject the null hypothesis for all the
years, showing PPPs as best performers. Model
Il rejects the null hypothesis all the years (with
PPP also has the best performer) except for 2019,
meaning both hospital models have similar perfor-
mances.

6.2. Malmquist index for group comparison results
This section provides the results of the Malmquist
index for group comparison methodology. Results
can also be found online®]

Table [5| presents the results for 742 and its sub-
components.

Table 5: Results for the Malmquist index for group comparison
analysis.

Model I m

IEA# 1.064
IF4# 0.977
148 1.040

Model I M

1.072
0.972
1.042

Source: Author.

Model Ilm

1.069
0.958
1.024

Model Il M

1.090
0.949
1.035

The results of the hospital comparison should
not be only based on the information of the over-
all index (I47), but complemented with its sub-
indexes (IE4Z and IFAB).

Analyzing Model | m, the public hospital's effi-
ciency spread is 6.4% higher than the PPP hospi-
tals, i.e., their DMUs were located further from their
own frontier. Public hospitals present the best pro-
ductivity among all samples and have benchmarks
2.3% more efficient than PPPs. In the overall in-
dex, it is seen that PPPs outperform public hospi-
tals by 4%. Similar conclusions can be taken from
the results of the other models.

Concluding, despite public hospitals showing
better productivity levels in all four models, the
PPPs also have a considerable lower efficiency
spread, therefore, being in the overall performance
superior to the public hospitals.

"8https://drive.google.com/file/d/
10Rt8KHpaIAST7251j55BAx7N1ZpeD1Jp/view?usp=sharing


https://drive.google.com/file/d/10Rt8KHpaIAST725ij55BAx7N1ZpeDlJp/view?usp=sharing
https://drive.google.com/file/d/10Rt8KHpaIAST725ij55BAx7N1ZpeDlJp/view?usp=sharing

7. Concluding remarks

The goal of this article is to find out whether the
four PPP Portuguese hospitals outperform tradi-
tional public hospitals, and to understand if it is
advantageous the utilization of PPPs in the hos-
pital sector. Several important conclusions could
be drawn from the developed empirical work.

In the global results, it is seen a considerable dif-
ference between social performance levels of both
groups, being the performance of PPPs 2 to almost
4% higher, on average, than the public ones.

Statistical tests were made to understand if the
differences between social performance levels of
both groups are considerable or not. In Model |, the
difference was always significant, clearly showing
that PPPs consistently outperform the public hos-
pitals. In Model Il PPPs outperform public hospitals
every year, except for 2019 where they have similar
performances.

With the Malmquist index, it was observed that
although public hospitals have presented the best
productivity levels when compared with hospitals
under PPP management, they are also the group
with the highest efficiency spread. Nonetheless,
the overall index indicates that the best hospi-
tal performance between both groups is from the
PPP hospitals. These results support the previous
conclusions where the PPP hospitals also outper-
formed the public ones.

Note that the reproducibility of these results
should be restricted to PPP hospitals that follow
the Portuguese model or the Alzira model, where
the contract also has included the clinical services.
The reason advise against the use of PPP under
the UK model is because their clinical services are
provided by a public entity, being only the infras-
tructure and ancillary services managed by a pri-
vate entity. In these types of arrangements, it is
not expected to have different performances from
public hospitals. However, it is possible to have a
conflict of interests between both.
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