
Revista Gerencia y Políticas de Salud, Bogotá, Colombia, 19 2020 1

Evaluating Colombian public hospitals productivity
during 2004-2015. A Luenberger-Indicator approach*

Evaluación de la productividad en hospitales públicos colombianos
entre 2004-2015. Una aproximación desde el indicador Luenberger

a

Avaliação da produtividade em hospitais públicos colombianos
entre 2004-2015. Uma aproximação desde o indicador Luenberger

Received:  September 10, 2019. Accepted: 
November 30, 2019. Published:  October 1, 2020.

DOI: https://doi.org/10.11144/Javeriana.rgps19.ecph

Antonio José Orozco Galloa

Banco de la República, Colombia
ORCID: https://orcid.org/0000-0002-2666-3617

Camilo Almanza Ramírez
Universidad del Norte, Colombia

ORCID: https://orcid.org/0000-0003-3934-5578

Cited as Orozco A, Almanza C. Evaluating Colombian public hospitals productivity during 2004-2015. A 
Luenberger-Indicator approach. Rev Gerenc Polit Salud. 2020;19. https://doi.org/10.11144/Javeriana.rgps19.ecph

a Corresponding author. E-mail: ajosegallo@gmail.com

https://creativecommons.org/licenses/by/4.0/deed.es
https://doi.org/10.11144/Javeriana.rgps19.ecph
https://orcid.org/0000-0002-2666-3617
https://orcid.org/0000-0003-3934-5578


Revista Gerencia y Políticas de Salud, Bogotá, Colombia, 19 2020 2

Abstract
Background: In Colombia, public policy has encouraged hospital efficiency and sustainability since 1993, when its
health system underwent a profound change with the Law 100. Method: We estimate the efficiency and productivity
of Colombian public hospitals using the Luenberger productivity indicator. This less restrictive indicator allows for
a disaggregated regional analysis and does not overestimate the change in productivity when compared to other
measures. It was made an empirical application to a sample of 260 hospitals during the 2004-2015 period. Results: The
results show a productivity decline for Colombian public hospitals, explained mainly by the decrease in technological
change as a result of low investment in technology. In fact, one out of every eighty-seven hospitals reached an
improvement in efficiency and technological change simultaneously, while, one out of every two experienced the
opposite. On average, hospitals in all regions showed a productivity decrease, in particular those in the Eastern
region, an area that accounted, with the Central region, three-fifths of the overall decline. Discussion and conclusion:
The efficiency and productivity that was sought to be achieved through the profound change in the health system
were insufficient. Thus, governmental measures should: encourage managers to modernize their administrative and
organizational factors, promote the development of technology and research in health by greater investments, and
foster complementary and non-competitive relationships among hospitals.
Keywords: Health economics, Health care policy, Public hospitals, Luenberger productivity indicator.

Resumen
Antecedentes: en Colombia, las políticas públicas han promovido la eficiencia y sostenibilidad hospitalaria desde
1993, cuando, a partir de la Ley 100, el sistema de salud afrontó un profundo cambio. Método: se estimaron la
eficiencia y productividad de los hospitales públicos en Colombia utilizando el indicador de productividad Luenberger.
En comparación con otras medidas, este indicador es menos restrictivo al permitir análisis regionales desagregados y
no hacer sobreestimaciones de la productividad. Se realizó una aplicación empírica en una muestra de 260 hospitales
en el periodo 2004-2015. Resultados: los resultados muestran una disminución de la productividad en los hospitales
públicos colombianos, debida especialmente a la reducción del cambio tecnológico como resultado de la baja
inversión en tecnología. De hecho, uno de cada 87 hospitales alcanzó mejorías en los cambios relativos a eficiencia
y tecnología simultáneamente, mientras que uno de cada dos experimentó lo contrario. En promedio, los hospitales
de todas las regiones mostraron una reducción de la productividad, en particular, los de la región oriental, un área
que contabiliza, junto con la región central, tres quintas partes de la reducción total. Discusión y conclusión: la
eficiencia y productividad que debieron ser alcanzadas a través de los profundos cambios en el sistema de salud fueron
insuficientes. Por lo tanto, las medidas gubernamentales deben: incentivar a los directivos a modernizar sus factores
administrativos y organizacionales, promover el desarrollo de tecnología e investigación en salud por parte de grandes
inversores, y estimular las relaciones complementarias y no competitivas entre hospitales.
Palabras clave: Economía de la salud, política de asistencia sanitaria, hospitales públicos, indicador de productividad
Luenberger.

Resumo
Antecedentes: em Colômbia, as políticas públicas têm promovido a eficiência e sustentabilidade hospitalar desde
1993, quando, a partir da Lei 100, o sistema de saúde encarou uma mudança profunda. Método: foram estimadas a
eficiência e produtividade dos hospitais públicos em Colômbia utilizando o indicador de produtividade Luenberger.
Em comparação com outras medidas, este indicador é menos restritivo ao permitir análises regionais desagregados e
não fazer superestimações da produtividade. Foi realizada uma aplicação empírica em uma amostra de 260 hospitais
durante o período 2004-2015. Resultados: os resultados mostram uma diminuição da produtividade nos hospitais
públicos colombianos, devida especialmente à redução da mudança tecnológica como resultado do baixo investimento
em tecnologia. De fato, um de cada 87 hospitais alcançou melhorias nas mudanças relativas à eficiência e tecnologia
simultaneamente, enquanto um de cada dois experimentou o contrário. Em média, os hospitais de todas as regiões
mostraram uma redução da produtividade, em particular, os da região oriental, uma área que contabiliza, junto
com a região central, três quintas partes da redução total. Discussão e conclusão: A eficiência e produtividade que
devessem ser atingidas a traves das profundas mudanças no sistema de saúde foram insuficientes. Por tanto, as medidas
governamentais devem: incentivar aos diretivos a modernizar seus fatores administrativos e organizacionais, promover
o desenvolvimento de tecnologia e pesquisa em saúde por parte de grandes investidores, e estimular as relações
complementárias e não competitivas entre hospitais.
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Introduction
The performance of hospitals has been associated with the attainment of the health targets of
countries, which is why governments devote their greatest efforts to improve efficiency and
productivity of these organizations (1).

In Colombia, inefficiency in the provision of health services was one of the aspects that urged
the structural reform of the social security system approved by the Law 100 of 1993, which
established the current health system. Under this new regulatory framework, public hospitals
had to transform into autonomous companies capable of competing in a market system1 (2).
In other words, public hospitals would not receive resources directly from the public budget
anymore, and consequently, had to become self-sustaining entities in order to guarantee their
permanence in the system (3,4).

Productivity measures can be classified into those that relate an output to an input (single
factor productivity measure), and those that relate an output to a package of inputs (multifactor
productivity measure). Similarly, there are different parametric and non-parametric techniques
and procedures for performing such measurements.

In the empirical literature on hospital productivity, the use of the Malmquist Productivity Index,
estimated by the non-parametric technique known as Data Envelopment Analysis (DEA) has
enjoyed great popularity (5,6). Non-parametric techniques have the advantage that they do
not require specifying the functional form of production technology. In addition, it allows
identifying the sources of inefficiency, and, consequently, how it can be overcome (7). The
Luenberger indicator, introduced by Chambers et al. (8), has recently been used to measure
productivity. This indicator uses the directional distance function –a generalization of the
distance functions introduced by Shepard (9)– which allows expanding outputs and contracting
inputs simultaneously, contrary to other measures of total factor productivity like the Malmquist
Index, which assume that one of the components remains constant (10).

The objective of this study is to evaluate the efficiency and productivity of public hospitals
in Colombia for the 2004-2015 period from a sample of 260 hospitals using the Luenberger
productivity indicator (LPI). This indicator, when compared to other measures, is less restrictive,
allows for a disaggregated analysis, and does not overestimate the productivity change.

This article is structured as follow. The first section presents, among this introduction,
the Colombian health system and reviews the literature. The second, details the applied
methodology, and defines the source of the data, the variables selected and the homogeneous
groups of hospitals design. The third, presents the results of hospitals’ productivity and
efficiency analysis. Finally, in the fourth section conclusion and discussion are presented.

The Colombian health care system, regulated by the Law 100 of 1993 and called General System
of Social Security in Health (Sistema General de Seguridad Social en Salud, SGSSS), sought to
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achieve universal coverage, increase efficiency in the use of resources, and improve the quality
of services (11). According to the current regulatory framework, the system works as follows:
regulatory agencies, led by the Ministry of Health and Social Protection (Ministerio de Salud
y Protección Social, MSP), define a benefit plan for the population known as the Mandatory
Health Plan (Plan Obligatorio de Salud, POS)2.

The Health Promoting Companies (Empresas Promotoras de Salud, EPS) are the institutions
in charge of administration, and they must guarantee the POS to costumers through contracting
with health service providers3, integrated mainly by public and private hospitals (see table
1). Costumers access to health care services under two assurance scenarios: the Contribution
Regime (Régimen Contributivo, RC) and the Subsidized Regime (Régimen Subsidiado, RS).
The first one covers the population with capacity to pay (paying costumers), and the second one
covers the poor and vulnerable population that cannot afford it (beneficiary)4.

Table 1 Members of SGSSS

* Associated health entities that perform management, surveillance and control functions.

Source: Own elaboration based on the Law 100 of 1993 and its reforms.

SGSSS changed the way public hospitals were financed and operated. Prior to Law 100,
hospitals obtained their resources through national transfers. In contrast, the change in the
current system forced them to manage their own resources in a model of regulated competition
between public and private institutions. Thus, public hospital resources come mainly, as follows:
sales revenue from healthcare services, contributions in cash and in-kind from national and
regional entities, and other contributions for specific destination5. In this way, hospitals were
forced to optimize their resources in order to facilitate their permanence in the system (3).
After all, deficiencies in the implementation of this reform related to the non-equalization of
conditions for public hospitals to compete adequately with other agents (3), generated a crisis
in the national public hospital network (12,4). Hence, these institutions fall into a financial
imbalance associated, among other factors, with the low operative and administrative efficiency
to manage their own income (12,2).
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Since the seminal work of Tinbergen (13), the economic theory of productivity measurement has 
developed considerably, following the major contributions by Dale Jorgenson, Zvi Griliches and 
Erwin Diewert. Now, the theoretical approach to productivity measurement offers a consistent 
and well-founded approach that integrates the theory of the firm, index number theory, and 
national accounts.

Recent literature in the field of health economics has focused on measuring hospital efficiency 
and productivity over time. A number of non-parametric and parametric methods have been 
applied to evaluate the production frontier shifting, for the sake of determine productivity 
change. According to this survey of the literature, the majority of researches have applied Data 
Envelopment Analysis (DEA), as a non-parametric method, to derive productivity measures by
Malmquist index application6 (see table 2).

Table 2 Some selected studies on the productivity of hospitals (Cont.)

Sources: Own elaboration.
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Table 2 Some selected studies on the productivity of hospitals (Cont.)

Sources: Own elaboration.

The assessment of hospital productivity change has encompassed different periods. Early studies
focused on evaluating this institutions performance since the seventies to the early nineties
(16,21-23). Nonetheless, the greatest part of empirical contributions has been concentrated
on the noughties (14,19,20,24-35). In the geographical context, literature has emphasized
in both developed and developing countries. In the former, productivity analysis has been
predominantly applied in U.S. institutions (18,21,31,36-38); meanwhile, in the latter, it
has been focused on Taiwanese hospitals (20,28,39-41). Equally important, as a feature
in common on literature, is the use of public hospital as a decision-making unit (DMU)
(15,17,23,24,29,30,32,42,43).

Even though most of the literature used human resources and beds to proxy labor and capital
inputs, respectively; there are differences in how they measure them. In particular, labor is
commonly measured in staff number; however, studies as (19,27,36-38,43,44) express it in
comparable units of time such as full-time equivalent, and studies as (14,16,23,29,45,46)
represent it in terms of cost. Within the same line, specification of outputs has relied mostly in
outpatient visits and inpatient days. In this respect, some authors (14,17-19,21,34,42,45) adjust
the outputs for case-mix differences using weights. Others (5,14,16,23,29,34,43,47) implement
the length of stay as an additional output. Lastly, a number of researches (30,34,40,41,47)
complement their analysis introducing the quality of health care services.
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According to the results, empirical studies found that technological change was the 
main component in explaining hospital performance. In fact, most of the researches 
that found an increase in productivity ascribed this result to a technological progress 
(5,15,16,22,28,32,34,35,37,38,44,48), While drop in productivity is ascribed to a technological 
regress (21,23,25,27,40,46,47,49). It is worth noting that the quality of health care services 
explained productivity fell in (30), and productivity growth in (41).

Methods
To measure the efficiency and productivity of hospitals, parametric and non-parametric 
frontier techniques have been used. Parametric methods require a functional specification 
that presupposes the form of the frontier – generally, flexible forms such as Cobb-Douglas, 
trans-logarithmic, or Fourier are adopted. Parametric frontier techniques include the Stochastic 
Frontier Approach (SFA), the Distributions Free Approach (DFA) and the Thick Frontier 
Approach (TFA). These measurement techniques differ fundamentally in the form imposed on 
the frontier and in the assumptions that are made, regarding the density function of the error 
term and inefficiency. Non-parametric techniques such as the DEA and the Free Disposal Hull 
(FDH), do not require the specification of any functional form of the production function and
allow easy modeling of multiproduct technologies7.

In the empirical literature on hospital productivity, the use of the Malmquist Productivity Index 
calculated using DEA has been popular among researchers. Recently, the LPI has acquired 
importance for this type of analysis, which is why there are few studies that use this approach.

This study used DEA to estimate the directional distance functions that permit calculating and 
decomposing the LPI for Colombian hospitals during the 2004-2015 period. The directional 
distance function allows for simultaneous calculation of the maximum contraction of input and 
increase of output in a predetermined direction, in order to reach the efficient production frontier. 
The distance function enables assessing the economic scale that can be achieved, and possible 
improvements in production. In addition, it provides a benchmark when defining a reference 
point to be reached (5).

For the sake to apply the methodology, consider that the hospital productive process uses 
 inputs (i.e personnel, infrastructure, equipment, and financial resources)

to produce  outputs (50, 51). A hospital’s physical technology is the set
of inputs that can produce outputs. We represent this technology by,

(1)
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It is assumed that the set T, satisfy the regularity conditions of no free lunch, is closed and 
convex, and has free disposability of inputs and outputs. Free disposability of inputs and outputs 
implies that if (x, y)  and if  then .

For given a direction vector  we model hospital’s efficiency using the directional
distance function. This function is defined as

(2)

The directional distance function (2) expands outputs in the direction gy and contracts inputs
in the direction gx to te frontier T. That is, the solution oh (2), , takes the

observed input-output bundle, (x. y), to the boundary of T at . Clearly,
the directional distance function measures technical inefficiency: a hospital is efficient if, and
only if, it is on the frontier of T. i.e. . If , the hospital is inefficient.

Following Barros et al. (5) and Williams et al. (10), it is assumed that for the periods t and t
+1, each hospital (production unit) is represented by the production vectors (xt, yt ) and (xt+1,
yt+1 ), respectively. From (2) is clear, that either the technology of the period t or t + 1, can be
used as reference technology to evaluate productivity change. In this case, the LPI proposed
by Chambers et al. (8) and Chambers and Pope (52), can be used to measure the productivity
change, The LPI is defined as follows:

(3)

Where  and  are the combinations of inputs and outputs for the
periods t and t + 1 respectively, and inli13 represents the reference vector. The first term in square
brackets measures the efficiency change between periods t and t + 1, while the arithmetic mean
of the difference-based LPI in based year t and t + 1 of the second term in square brackets witch
has been taken to avoid an arbitrary choise between based years, represents the technological
change betwwn the two time periods. Positive (negative) values indicate productivity growth
(decline).

Following Färe et al. (23), from all inputs and outputs of the k = 1,..., K hospitals, we construct
the reference technology for each of the t = 1,...,T periods as follows:

Revista Gerencia y Políticas de Salud, Bogotá, Colombia, 19 2020 9

Evaluating Colombian public hospitals productivity during 2004-2015. A Luenberger-Indicator approach



(4)

where z k  are intensity variables that allow for the generation of convex combinations from the
inputs and outputs of all hospitals. The constraints  and  model free
disposition of inputs and outputs and  imposes constant returns of scale.From equation

(4), the directional distance functions  and  are calculated by solving the following
linear programs:

(5)

And,

The combined distance functions are calculated by solving the linear programs

(7)

(6)
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(8)

According to Fukuyama and Weber (53), the LPI can be added to measure the total level of
productivity of the industry from the levels reached by each productive unit. This, with the aim of
estimating the contribution of each company or groups of companies in the overall performance.
As the authors point out, this is possible when productivity is evaluated in terms of a common
reference vector for each firm.

Thus, in the present study, this methodology was used to determine the regional contribution on
the productive performance registered in the hospital sample used. To do this, in the required
directional distance functions for the calculation of the LPI, g = ( ) was used as the
reference vector, where  and  correspond to mean values of the variables selected for
all hospitals. Therefore, for the calculation of the indicatir, the observed values of the sekected
variables were considered together with their respective mean as reference vector.

According to the above, and as applied by Mussard and Peypoch (54), the aggregate indicator
was broken down into its traditional attributes: efficiency change (convergence towards better
practices and business technologies) and technological change (investment in technology and
the innovation that produces a displacement of the production frontier), to determine the
contribution of each region to these components.

The data comes from the Public Hospitals Management System of the Ministry of Social
Protection. The database contains 1.006 hospitals for the 2004-2015 period. We omitted 746
hospitals in order to obtain a representative sample with hospitals sharing a similar nature and
technology. For this, hospitals with at least one of these conditions were dropped: (i) have signed
a liability restructuring agreement; (ii) have registered outliers, voids or zeros values on inputs or
outputs; (iii) have been liquidated or merged; and (iv) have provided highly specialized services.
As a result, the sample compiled was limited to 260 public hospitals for the 2004-2015 period,
which resulted in 3.120 field observations within a balanced panel8.

In the variables selection process, the following aspects were taken into account: i) the variables
suggested in literature review; (ii) the existence of a relationship between inputs and outputs;
iii) the relevance of the selected variables within the study goals; and iv) the availability of

And,
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information. Under these criteria, and assuming that hospitals produce under the use of inputs, 
these were the variables used in the study:

Outputs: i) number of elective consultations; (ii) number of urgent consultations; (iii) number 
of deliveries; iv) number of discharges, that is, patients who, after being hospitalized, left the 
hospital; and v) days of stay, that is, days that each of the discharged patients were housed. 
Inputs: i) number of people in the care area; ii) number of people in the administrative area; iii) 
committed expenditure in millions of pesos; and iv) number of hospital beds.

Table 3 shows, by region, the descriptive statistics9. In general, hospitals in the Central, Pacific, 
Caribbean and Bogota regions concentrated a large part of the hospital inputs and outputs. 
However, the average statistics by hospital indicate that each hospital in Bogota and Amazonia-
Orinoquia requires a greater amount of inputs, compared to the other regions.

Table 3 Descriptive statistics, 2004-2015

Note: mean; [mean per hospital]; (standard deviation).

Source: author calculations based on data from MSP.
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Table 3 Descriptive statistics, 2004-2015 (Cont.)

Note: mean; [mean per hospital]; (standard deviation).

Source: author calculations based on data from MSP.

Maldonado and Tamayo (55) suggest that before performing the measurements of efficiency of 
public hospitals, these should be grouped with institutions that share similar characteristics, 
that is, making up comparable groups of hospitals. An initial criterion could be clustering by 
level of
complexity10. However, as Toro and Mutis (3) and Maldonado and Tamayo (55) point out, this 
criterion is not convenient since the level of complexity largely responds to an administrative 
characterization and not to a distinction on size, level, and the services provided. For instance, 
a first level hospital can provide second level services, due to the fact that hospitals are not 
restricted to providing services according to their classification by level of complexity. The 
other criterion is by cluster analysis, thus ensuring that each group is homogeneous in certain 
characteristics and the differences within them are minimal (56).

In this study, hospitals with common characteristics were grouped by cluster analysis. For this, 
following Toro and Mutis (3) we selected the following variables: i) the number of beds, to 
approximate the size of the hospital; (ii) committed expenditure, as a form of measurement of 
the technological level; and iii) the days of stay, as magnitude of the complexity of the services 
and of the patients seen.
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Figure 1  Dendrogram of public hospitals sample
Source: Own elaboration based on data from MSP.

Results12

The analysis presented here seeks to evaluate the performance of hospitals’ internal productive 
process, that is, the process with which each institution transforms inputs into outputs. External 
factors such as regulation, market structure and target population, among others, should be 
analyzed as explanatory factors of efficiency and productivity levels, obtained through the 
applied methodology, according to the literature. The reason behind the above is that by 
including these external conditions, each hospital would become a single observation with 
particular characteristics, which would detract from the methodological application, because 
it would be then evaluating hospitals that are not comparable to each other (55). Therefore, 
in this study, each hospital was approached according to its internal conditions, allowing its 
comparability by building relatively homogeneous groups in its production process.

As suggested by Maldonado and Tamayo (55) and as applied by Toro and Mutis (3), the Ward
method was used, as a linkage measure, for the conformation of each conglomerate11. The 
Ward method is a hierarchical procedure that maximizes homogeneity within each group. 
It uses the square sum of the deviations between each individual and the group average 
where it is integrated. The objective, at each stage of integration, is to minimize the increase 
in the square sum within each group (58).

For simplicity, hospitals were divided into two groups as indicated by the dendrogram 
obtained with the Ward link shown in figure 1. The cluster on the left is formed by 246 
hospitals, whereas the group of the right includes 14 hospitals.
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As shown in table 4, the negative value of the LPI in both groups of hospitals indicates 
a productivity decline during 2004-2015. The group of low complexity hospitals (Group 1) 
registered a decrease of 1.75%. In turn, the most complex hospitals (Group 2) experienced a 
lower rate than Group 1, which was 0.56%. Accordingly, institutions of low complexity are 
less efficient than those of greater complexity. The above is closely related to what 
Sarmiento et al. (62) and Toro and Mutis (3) found: their results indicate that efficiency 
increases with the level of complexity.

Table 4 Productivity change in Colombian public hospitals by group, 2004-2015

Note: 37 cases of infeasibility were reported in the calculations. In view of this, Briec and Kerstens 
(63) recommend to report any infactibility case presented in the empirical application, considering
that this fact is inevitable under certain specifications of the technology.

Source: Author calculations based on data from MSP.
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The decomposition of the LPI reveals that productivity decrease in both groups of hospitals 
was caused mainly by the fall in technological change (table 4). This suggests, as methodology 
and empirical evidence indicate, that the productivity decline of Colombian public hospitals was 
due to a lack of investment in technology and innovation. In other words, it was due to an 
insufficient accumulation of capital that limited the adoption of new technologies to generate 
greater and better results using the least amount of resources. Therefore, the incorporation of 
cost-effective techniques, equipment and drugs was hindered. As a result, scientific research and 
technological development were conditioned. MSP (59 p14) points out the absence of 
mechanisms for the evaluation and incorporation of technology in the country’s health 
service providers to be a problem. Specifically, it indicates that “in many cases the introduction 
and incorporation of cost-effective techniques, equipment or drugs occurs late because of the 
absence of a technology assessment system in the country.”

On the other hand, the decline in efficiency change is attributable to the lack of convergence 
towards best business practices. An example of a better business practice is when boards of 
directors and managers of a hospital, which are responsible for their management, make it 
possible for the institution to develop and guarantee service with efficiency and quality, 
through a better use of technical, human, material and financial resources. MSP (59 p15) 
warns of weaknesses in the management of the country's health service providers. In detail, it 
mentions that “management boards in general do not exercise the role of management and 
evaluation, and managers have left aside the issue of the quality of clinical management and 
human talent.”

As in the national context, hospitals in all regions experienced on average a decrease in 
productivity. It was found that regions with major productive loss were: the eastern region, 
Amazonía-Orinoquía, and the Caribbean region. Between 2004 and 2015, the annual fall in 
hospital productivity in these areas averaged 2.06%, 1.70%, and 1.68%, respectively. While in 
Bogotá, the productivity decrease was smaller and averaged about 0.91% (table 5).

The decrease in technological change was the only source of productivity decline of Caribbean 
hospitals (table 5). This fact counteracted the progress achieved in efficiency change (0.24%). 
The reason behind this is related to the scarce of technological investment and innovation 
within hospitals in this region, such as the limited adoption of new and better health 
technologies that boost the skills and knowledge of technical personnel.
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Table 5 Productivity change in Colombian public hospitals by region, 2004-2015

Source: Author calculations based on data from MSP.

The decline in efficiency change largely explains the fall in productivity of Bogotá hospitals
(table 5). This shows that the best practices in the management, care and administration of
hospitals are not being applied. That is, they are not adequately implementing the processes
of planning, acquiring, managing, using, optimizing and controlling the resources necessary to
ensure an efficient health service.

In relation to the contribution of each component and region to the negative balance of hospital
productivity, the table 6 shows that technological change was the mainly source of the fall. On
the other hand, the regions that mostly contributed to the decline were the Central and Eastern
ones, with contributions of 39.7% and 22.0%. It should be mentioned that these zones were the
main exponents of the technological decline.
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Table 6 Percentage contribution to the productivity fall by region and components, 2004-2015

Source: Author calculations based on data from MSP.

The different combinations of changes in efficiency change and technological change
experienced by hospitals are illustrated in figure 2. The percentage of institutions showing
improvements in both components was minimal. In fact, only one out of 87 hospitals
implemented the best business practices associated with optimum use of resources, joined with
the acquisition of new technologies for greater dynamics in innovation.

Only 4.6% of the hospitals recorded an advance in technological change along with a decrease
in efficiency change (figure 2). As mentioned by NG (35), this is attributable to the adoption of
high technology treatments and therapies with costly procedures, among others, that allow to
expand the production frontier. However, a non-optimal use of these inputs ends up deteriorating
the efficiency change. This fact was more noticeable in Amazonía-Orinoquía and Bogotá, since
14.3% and 11.1% of the hospitals belonging to these zones showed the behavior in mention.



Figure 2  Combination of efficiency change and technological change

Source: Own elaboration based on data from MSP.
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One of every three hospitals experienced a progress in efficiency change along with a decline in 
technological change (figure 2). This is explained by the fact that, despite the implementation 
of best business practices and adequate use of resources, it did not generate enough capital to 
incorporate new technologies that would allow them to expand the production frontier. This 
behavior was evidenced in a large number of hospitals in the Caribbean, Eastern and Pacific 
regions.

The pattern most common in hospitals was going through a decline in efficiency change and 
technological change simultaneously. In fact, the half of the hospitals experienced this issue. In 
other words, one out of two Colombian hospitals lagged behind the adoption of best practices in 
business management, and this, coupled with a poor implementation of new technologies. This 
behavior, which took place in 61.7% of Central hospitals (as the most notable case), is the least 
desired by hospitals that hope to be efficient and productive.

Discussion and conclusion
The analysis of the efficiency and productivity of a sample of 260 Colombian public hospitals 
over the 2004-2015 period shows that on average hospitals experienced a deterioration of 
productivity over the eleven years. Thus, the efficiency and productivity that was sought to 
be achieved through the implementation of subsidies to demand in a market of regulated 
competition was insufficient. This fact is worth attention, and should become a policy priority 
within government efforts to improve efficiency and productivity in health service providers.

When evaluating efficiency and productivity by homogeneous groups of hospitals, it was found 
that less complex institutions are less efficient than those with more complexity. This allows 
deducing that not all institutions among the system present the same failings. Consequently, 
further analysis is needed to identify the sources of inefficiency and their difference between 
groups. From the above it is possible to infer that less complexity hospitals should adopt the 
managerial practicing and technology from the more complexity hospitals that could improve 
their efficiency, without fooled into the claim that the healthcare system must converge to the 
more complexity hospitals, due to their advantages in efficiency.

The fact that the decline in productivity has been caused mainly by the lag in technological 
change is one aspect that needs to be approached with caution. The reason behind the above is 
that technological change can be driven by greater investment in hospitals in conjunction with 
the adoption of new technologies. However, inadequate management of resources could lead to 
a detriment of efficiency change and, therefore, deepen the productivity fall.

The hospitals’ performance of all regions showed a productivity decrease on average during 
the period. It was more pronounced in the Eastern region. Precisely, this area, along with the 
Central region accounted for about three-fifths of the overall negative productivity balance. 
Considering the importance of these regions in the national context in achieving health goals,
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special emphasis should be placed on assessing the factors that caused the productive detriment 
of their hospitals, as well as their impact on the quality of the services provided.

The fall in productivity observed in this sample of hospitals suggests the need for a 
comprehensive evaluation of the public hospital system as a whole. So, if the overall 
system is also found to have lost productivity, the policies proposed by the Government 
should be rethought to correct inefficiencies during the period analyzed. Therefore, without 
dissociating from the commitment to guarantee the quality and accessibility of services to users, 
governmental measures should be directed mainly at the following aspects:

1. Encouraging managers to modernize their administrative and organizational factors,
based on the adoption of business models that guarantee the efficiency and quality of
service.

2. Promoting the development of technology and research in health, through greater
investments that make it possible to take advantage of and develop human talent within
each organization.

3. Fostering complementary and non-competitive relationships among hospitals, in order
to generate a continuous benefit that allows their sustainability.

The information available on hospital production only measures processes, not results. More
clearly, only the type of care given to patients is evaluated, and not the result that this care
had on their health. In this way, important aspects such as the quality of the service and the
heterogeneity of the users are not considered. Thus, it is suggested to improve the information
that measures the hospital output, so that the efficiency of a hospital is not only evaluated based
on the use of its resources, but also according to the quality of service provided to the different
types of patients.
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Notes

* Research paper.
1 Public hospitals became Social Enterprises of the State. These constitute a special category of public entity: decentralized, with

legal personality, own property and administrative autonomy. (Article 1, Decree 1876 of 1994). 2The POS is the basic set of health
care services contained in a list of medications, services, and procedures. 3It is important to emphasize that EPSs may have their
own health service providers. 4The systems’ financing comes mainly from national and subnational transfers and RS’ resources.

2 The POS is the basic set of health care services contained in a list of medications, services, and procedures.
3 It is important to emphasize that EPSs may have their own health service providers.
4 The systems’ financing comes mainly from national and subnational transfers and RS’ resources.
5 Sales revenue resources differ from public to private hospitals mainly on compulsory insurances’ minimal fee, which could

affect efficiency comparisons between them. Contributions ins cash and in-kind resources refers to equipment, supplies, facilities
and investment, among others, granted by National Government, regional authorities and other agents such as: universities in
arrangement with the hospital for academic practicing and some specific taxes for hospitals’ financing support.

6 The authors reviewed 37 articles that assess hospital productivity change over time. Thirty-two used DEA to estimate the production
frontier, three applied DEA and stochastic frontier analysis (SFA) simultaneously (14-6), only one employed SFA (17), and the other
one use an approximation to a divisia index (18). In order to determine productivity change, thirty-four articles applied Malmquist
productivity index (MPI), one combined MPI with a non-parametric density estimation (19), and other with Luenberger productivity
indicator (5); the remaining used other methods such as Tornqvist divisia index (18), Russell-Malmquist-Luenberger productivity
index (20), and random and fixed effects model (17).

7 This is an advantage in the case of hospitals, since, as O'Meara et al. (50) state, if each of the hospital output is treated in isolation,
the integrity and composition of the inputs is lost.

8 A balanced panel was used, despite the methodology not requiring it, in order to omit hospitals that may impair the analysis.
9 The conformation of each region is as such: Amazonia-Orinoquia covers Amazonas, Arauca, Casanare, Guainía, Guaviare,

Putumayo, Vaupés, and Vichada. The Caribbean covers Atlántico, Bolívar, Cesar, Córdoba, La Guajira, Magdalena, San Andrés
y Providencia, and Sucre. The Central covers Antioquia, Caldas, Caquetá, Huila, Quindío, Risaralda, and Tolima. The Eastern
covers Boyacá, Cundinamarca, Meta, Norte de Santander, and Santander. Finally, the Pacific covers Cauca, Chocó, Nariño, and
Valle del Cauca.

10 In Colombia, public hospitals are classified in three grades, according to the endowment and capacity they offer. At first level belong
local hospitals that offers basic attention. At second level, regional hospitals with some specialized services and a laboratory. Third
level, hospitals with highly specialized services.

11 Kuiper and Fisher (57) found that this method is the most accurate, compared to other methods (minimum distance, maximum
distance, mean and centroid) for optimum conglomerate conformation.

12 It is important to note that the analysis of the results, as well as the conclusions derived therefrom, are framed within the
interpretations that the methodology and the empirical evidence use. However, and in order to contextualize these interpretations for
the Colombian case, these were complemented based on the document “National Policy of Provision of Health Services” (Política
Nacional de Prestación de Servicios de Salud) of the MSP (59). In addition, they were also supported by the studies of: Tono et
al. (60), MSP (61), Artaza et al. (1) and O'Meara et al. (50).
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