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AbstrAct

The paper describes one of the most popular methods of estimating the efficiency of health facilities 
– DEA (Data Envelopment Analysis). We highlight its practical and important role in examining 
the efficiency of health facilities. At the same time (by adopting a critical approach to the method-
ology), we propose to expand it with an additional quality dimension. The DEA method, enriched 
with the quality dimension, completes the notion of efficiency of a health facility and provides an 
effective measure for assessing a health facility’s performance. The proposed approach is new and 
it bridges the gap observed in the approach to investigating into the efficiency of health facilities.
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1. Introduction

For many years the word “efficiency” has already been used in connection with human 
activity: it is the effect of rationality inherent in managing limited resources. Economically, 
efficiency is about using available yet limited resources, a situation so typical to the world 
around us. The notion acquires a special meaning if we consider limited resources in the 
healthcare sector. In the times of growing demand for health services – as a result, inter alia, of 
the challenges of population ageing, measuring the efficiency of health facilities is an important 
and very much pertinent challenge to decision-makers in the healthcare sector. This has also 
been the main reason why we decided to address the issue in this paper.

The paper proposes to modify the universally applied tool used to evaluate the efficiency 
of health facilities, the DEA (Data Envelopment Analysis) method by including the quality 
dimension into it. Design, development and continuous improvement of the quality assurance 
system should result in higher organisational efficiency. Thus, diagnosing the performance of 
a health facility through measuring its efficiency against other facilities from the same sector 
should not be used directly as a starting point for remedy measures but draw attention to the 
quality dimension of efficiency. The DEA method, enriched with the quality aspect, completes 
the notion of efficiency of a health facility and provides an effective measure for assessing 
a health facility’s performance.

The proposed approach is new and it bridges the gap observed in the approach to inves-
tigating into the efficiency of health facilities. The issue discussed in the paper may produce 
benefits to all stakeholders of the healthcare system, including the management of health 
facilities and society at large.

2. Efficiency: typology

Efficiency- one of fundamental, universal categories used to assess performance – is used 
not only in economics but in many other fields of human activity. Moreover, it is continuously 
examined and investigated. Nevertheless, the interpretation of efficiency as a notion remains 
ambiguous. Studies into the subject-matter literature have revealed a wide spectrum of pos-
sibilities of how efficiency can be defined and interpreted and they reveal different concepts 
concerning its substance. The multidimensional aspect of the term translates into different 
approaches that can be found in the literature as to how economic efficiency is identified and 
how its measures are applied. One of them shows two analytical approaches, according to which 
we may distinguish between static efficiency – that fits the paradigm of neoclassical economics 
– and dynamic efficiency developed within the framework of the heterodox evolutionary eco-
nomics [Kozuń-Cieślak, 2013, p. 38]. The neoclassical static approach to examining efficiency 
dominates in the literature; references to the concept of dynamic efficiency are very rare.
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The static approach to efficiency connects with the Pareto optimisation idea and the 
marginal concept of general equilibrium. Efficiency means nothing is wasted, the economy 
operates efficiently when the output of one product may not be increased without decreasing 
the output of another product [Samuelson, Nordhaus, 1999, p. 510]. Hence an economy is 
in its optimum (maximum if we think of the level of prosperity), when technologically it is 
not possible to allocate resources to increase the prosperity of one entity without decreasing the 
prosperity of another entity [Pareto, 1909, pp. 343–370]. Efficiency understood as allocation 
of resources as meant by Pareto means maximising the output as a result of proper alloca-
tion of resources at given limitations of supply and demand. This is an optimum allocation 
of resources, factors of production, products and optimum distribution of income [Czarny, 
Nojszewska, 2000, p. 35].

In the terminology used in economics, efficiency is usually calculated as the ratio of an 
effect that has been obtained to a given production factor engaged. Efficiency informs us about 
the cost of achieving a given goal. Thus, it is measured by comparing the volume of obtained 
outcomes (effects) and the number of production factors (inputs) used in the process [Sikora, 
Kulczycki, 2008, p. 66]. Each rationally operating entity strives to act efficiently by either 
trying to maximise the effects given limited resources or by minimising the use of resources 
to arrive at concrete effects. In order to correctly interpret the empirical scope of efficiency, we 
need to use appropriate reference points and be guided by the goal of the conducted analysis 
[Barburski, 2005, p. 63]. How we approach the examination of efficiency depends first and 
foremost on the research problem [Berger, Mester, 1997, p. 4].

Empirical studies on the efficiency of economic entities were initiated by M. J. Farell, who 
argued that economic efficiency depends mostly on the technical (technological) and allocation 
(price) factors. Farell proposed to measure the efficiency of economic operators with technical 
and allocative efficiency. Technical efficiency reflects the ability of an entity to achieve max-
imum outputs at given inputs while allocative efficiency is an ability to use an optimum set 
of inputs given their prices and available production technology [Farell, 1957, pp. 253–290].

Both measures add on into the overall efficiency, the so-called economic efficiency. 
Besides M. J. Farell, also T. C. Koopmansand G. Debreu are considered the originators of the 
concept of technical efficiency, as they introduced its effect-oriented measure [Rój, 2011a, 
p. 149].Technical efficiency may be obtained through the optimal use of inputs (input-oriented 
technical efficiency) or through reaching the maximum effects (output-oriented technical 
efficiency). Thus, technical efficiency is measured as the ratio between outputs and inputs 
[Sikora, Kulczycki, 2008, p. 68].

Efficiency can be examined by using micro-economic definitions of efficiency, such as 
technical or allocative efficiency but also in the terms of cost and profit categories of effi-
ciency. Cost efficiency analysis is based on the assumption that there is some best practice, 
which shows what effects can be achieved at a given cost. Profit-efficiency in turn is a meas-
ure showing how close is the profit generated by a given entity to the profit generated by the 
best operator who has got the same resources. Although the above presented categories of 
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efficiency have different measures, all of them provide the same economic content. Despite 
different assumptions they can be interpreted in the same way. Both approaches lead to the 
same conclusions and express the same economic idea referred to as X-efficiency. “X-effi-
ciency (economic efficiency) depends on how an operator runs his business (…) and is often 
divided into technical and allocative efficiency.” [Tripe, 2004, p. 5, http://www.rbnz.govt.nz/
research_and_publications/seminars_and_workshops/27apr2004/27apr04_tripe.pdf, accessed 
20.11.2017]. The difference is that by narrowing the examination of efficiency to technical 
efficiency only, we use non-parametric tools, while when focusing on cost-profit categories 
of efficiency we use parametric tools [Sikora, Kulczycki, 2008, p. 75].

The notion of efficiency acquires a specific meaning in the context of healthcare. Perma-
nent shortage of resources available in the system makes us exercise special care about the 
efficiency of health facilities. Striving for efficient use of healthcare resources is the primary 
goal, since by eliminating waste we may get additional funds, which may be used to improve 
the access to health services and the quality thereof [Nojszewska, 2015, p. 20].

3.  Measuring the efficiency of health facilities using  
the DEA methodology

Efficiency can be measured by performance indicators, parametric and non-parametric 
methods [Suchecka, 2009; Kosmaczewska, 2011, p. 132]. However, the most popular method 
of estimating the multi-criteria efficiency of the health sector is the non-parametric DEA 
method.1 K. Wardzińska [2012] made a review of the literature on using parametric SFA and 
non-parametric DEA methodologies. Her results show much less interest in the SFA method 
than in the data envelopment analysis. Publications linked with the stochastic marginal analysis 
featured in all literature databases examined by the author six times less frequently. On aver-
age, the SFA method was mentioned in ca. 17% of the cases compared to the references to the 
DEA method. According to the studies conducted by M. Kisielewska [2005], DEA is the most 
popular in Poland (6 out of 8 studies). G. Tavares [2002] collected the literature on the DEA 
method for the years 1978–2001 and found over 3,200 publications in the reviewed research 
journals, which publish empirical results of studies and methodological aspects connected 
with the DEA [Tavares, 2002], which is simple and flexible in its structure and thus enables 
comparing various inputs and outputs without making additional assumptions as is the case 
of parametric methods [Kudła, 2006]. Over the recent several decades the following have 
contributed the most to developing the DEA methodology: W. W. Cooper [1997, pp. 170–174]; 
R. Färe, S. Grosskopf, D. Margaritis [1994]; A. Charnes, A. Y. Lovell, L. M. Seiford [1994]; 

1 Studies conducted by A. N. Berger and D. B. Humphrey [1997] on the use of marginal analysis methodology 
to examine the efficiency of financial institutions revealed that DEA was the most popular method deployed in these 
analyses (in 69 out of 129 studies they investigated
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E. Thanassouliset et al. [2014]; R. D. Banker, R. M. Thrall, and J. Zhu [2004]. In Poland DEA 
was used in the studies of, inter alia: G. Rogowski, J. Rój [2003, 2011a, 2011b], M. Pawłowska 
[2003], A. Feruś [2006], A. Domagała [2007a, 2007b] and B. Guzik [2007, 2009].

In the DEA method the object of the analysis is referred to as a decision-making unit 
(DMU), while the subject of the analysis is the efficiency with which a given DMU trans-
forms inputs into outputs (effects). Based on empirical data and using linear programming, 
we estimate the frontier of a set of production capacities delineated by units, for which the 
ratio of outputs to inputs is the highest. The resultant curve depicting the relationship of 
outputs to inputs is also called the production curve or the efficiency curve and it has many 
traits in common with the production function in microeconomics. The estimated frontier 
is an empirical production function. Surely, building benchmark models based on empirical 
data actually achieved by some operators is an advantage. Importantly, these models come 
from decision-making units that really exist, so they are, at least theoretically, fully attainable 
in practice [Rój, 2011a, p. 172].

In the DEA method inputs and services are weighted to achieve the same outputs for 
reduced inputs, which actually are a combination of inputs and outputs of other comparable 
entities. If that is not feasible, the operator in question is considered efficient (its parameter 
is 1 or 100%) meaning there is no other more efficient combination of inputs that would lead 
to the same outputs. Such a unit is efficient and it becomes a benchmark (in terms of inputs 
and produced outputs) for other inefficient units. Health facilities whose efficiency parameter 
is 100% (or 1) lie on the frontier of the set of output capacities, while the indicators for the 
units under the frontier are lower than 100% (or 1), which means they are inefficient. If the 
indicator is lower than 1 (or 100%), it means there is a more efficient combination of inputs 
that allows achieving the same outputs. Since DEA is a non-stochastic method, any devia-
tion from the frontier of capacity output is understood as inefficiency [Rój, 2011a, p. 173]. 
By comparing ourselves to an efficient health facility we are informed how much we should 
reduce inputs to maintain the outputs or what outputs could be achieved if we used given 
inputs in the same way as the units that are considered efficient [Suchecka, 2003, p. 235; 
Gospodarowicz, 2000, p. 135].

An example of the application of data envelopment analysis to examine the efficiency of 
health facilities is the assessment of technical efficiency of 24 public health facilities from the 
Podkarpackie region, which deployed the DEA and Malmquist index (used to assess efficiency 
changes over time) [Podgórska, 2016, p. 12].The DEA method applied to assess the technical 
efficiency of public health facilities helped identify units which are technically efficient and 
inefficient. Based on the set of unit indicators, we calculated an aggregated technical efficiency 
of individual public health facilities in the Podkarpackie region at two levels: operational and 
financial and the assessment of the technical efficiency included four stages as shown in Figure1.

By calculating individual levels of efficiency (assessing the ratio of outputs to inputs in terms 
of value and in kind) we could conduct the benchmarking exercise for health facilities included 
in the study and find out what is the reason behind their inefficiency. We identified inefficient 
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health facilities and the group of facilities whose technical effi  ciency is 100%, which means 
they cannot fi nd a more eff ective combination of inputs that would produce the same outputs. 
We also identifi ed the factors that impact the effi  ciency of facilities included in the study. 
Special attention was paid to the relationship between technical effi  ciency and components 
decisive for fi nancial performance of these health facilities. Using the Pearson linear corre-
lation coeffi  cients, we examined the relationship between the revenue in the analysed health 
facilities and their technical effi  ciency. We also investigated into the relationships between the 
dimensions of effi  ciency of public health facilities. Effi  ciency was measured using two models: 
CCR and BCC as well as the Malmquist index. Th e DEA method helped delineate the frontier 
of capacity output, which is a curve representing outputs at given inputs compared over time 
using the Malmquist index.

Figure 1. Stages of the assessment of the efficiency of public health facilities

Stage 1

• Technical efficiency analysis of 24 health facilities
• Operational level 
• CCR Model/ Malmquist Index
• Years 2010–2014

Stage 2

• Technical efficiency analysis of 24 health facilities
• Financial level
• BCC Model/Malmquist Index
• Years 2010–2013

Stage 3

• Correlation analysis
• Revenue and technical efficiency at the operational level
• Pearson linear correlation
• Years 2010–2013

Stage 4

• Correlation analysis
• Technical efficiency at the operational level and technical efficiency at the financial level
• Pearson linear correlation
• Years 2010–2013

Source: J. Podgórska, 2016. Ocena efektywności Samodzielnych Publicznych Zakładów Opieki Zdrowotnej w województwie podkar-
packim przy wykorzystaniu metody analizy obwiedni danych, PhD thesis.Warszawa, p. 101.

Th e DEA method enabled us to fi nd out how the inputs of a given public health facility 
diff ered from respective inputs in the health facilities which were considered effi  cient. Calcu-
lations showed concrete amounts of inputs that determine maximum outputs. We produced 
an effi  ciency map for public health facilities, which visualises the diff erences between the 
most effi  cient public health facilities and the rest of the studied sample. Th e map specifi es 
the goals and directions of actions aimed at maximising technical effi  ciency, which could 
be shown on the map as a move towards the north-east, i.e., towards public health facilities 
whose effi  ciency is the highest.
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Figure 2. Efficiency map for public health facilities
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Source: J. Podgórska, 2016. Ocena efektywności Samodzielnych Publicznych Zakładów Opieki Zdrowotnej w województwie podkar-
packim przy wykorzystaniu metody analizy obwiedni danych, PhD thesis.Warszawa, p. 124.

Th e above example of how the DEA can be used to examine the effi  ciency of health facilities 
enabled assessing public health facilities’ performance in terms of technical effi  ciency. Th e 
simple and fl exible structure of the DEA helps compare diff erent inputs and outputs without 
making additional assumptions as is the case for parametric methods. Th e methodology 
also allows using a multiplicity of inputs and outputs thanks to which we could take account 
of more than one goal identifi ed for the analysed facilities. Th e data from the analysis has 
provided relevant information and management tips together with important information 
about the effi  ciency of individual facilities compared to benchmark facilities; we could iden-
tify potential outputs and incentives exerting the biggest impact upon the effi  ciency of health 
facilities included in the study.

Th us, the DEA method is a useful diagnostic and information-comparative tool, which 
may reveal the reasons for ineffi  ciency but at the same time – due to its diagnostic nature 
– should be approached with some criticism. Unfortunately, it does not consider the funda-
mental criterion of the eff ectiveness of health services including quality as its main attribute.

4. Quality and effi  ciency in health facilities

Measuring effi  ciency using the above explained DEA methodology without considering 
the quality aspect (expressed in the quantitative data) does not let us correctly diagnose 
the performance of a health facility and produces a distorted image of how it operates. Th e 
reduction of resources (both fi nancial and human) available to a health facility as a result of 
measuring its effi  ciency may deteriorate the effi  ciency of its operations and produce irreversible 
damage to the health of patients or even their deaths. Th e above dilemmas over the use of the 
results of effi  ciency measurements are equally true for public and non-public health facilities. 
Hence the role of quality in measuring the effi  ciency of health facilities gains in importance.
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A. Donabedian [1980] – one of the originators of a modern quality system in medicine 
– pioneered theoretical considerations on quality in healthcare. Donabedian’s concept assumes 
that the following three main dimensions of quality are complementary: technical (including 
medical technology, modern diagnostic and medical intervention procedures), non-technical 
(taking account of the relationships between patients and the staff), and environmental (the 
place where services are rendered). A patient can be satisfied with medical service only when 
there is harmony among all the three categories of quality of a health service.

Quality in healthcare consists in meeting the demand for health services at the lowest cost 
incurred by the patients and by the sector within the framework of binding regulations and 
limits laid down by the administration and by institutions that buy (finance) these services 
[Murkowski et al., 1996, p. 12]. The quality of health services offered by a health facility calls 
for a perfect performance of health facilities compatible with the norms adopted at a higher 
level in the following areas: medical care, information, technical, management, economic and 
social, as well as marketing [Opolski, et al., 2009, p. 28–31].

According to J. Ettinger and J. Sittig [1970, p. 49] quality is a relative term, which does not 
exist as such, which is why we may speak of quality in conjunction with a goal it is going to 
serve: to minimise costs and achieve the efficiency of a health facility at given inputs. S. Sudoł 
[1998, p. 247–300] argues that quality is the main key to higher efficiency of managing 
organisation’s resources. L. Wasilewski [1998, p. 12] introduces the term of “comprehensive 
quality” meaning quality attained at the lowest costs. Such quality can be described by the 
dynamics and cost reduction of defects, errors, delays or mistakes in main and ancillary 
processes. Studies and analyses performed for this purpose deploy cost accounting and 
analysis as well as benchmarking. Benchmarking helps us in this case compare health facil-
ities from the sample with the facility that is considered efficient. In this way we can learn 
how we should reduce inputs to maintain the currently produced outputs or what outputs 
could be attained if inputs owned by a given health facility were used by an efficient operator 
[Suchecka, 2003, p. 135].

The modern interpretation of the definition of quality has been shaped by authorities 
such as, inter alia: A. V. Feigenbaum and P. B. Crosby. A. Feigenbaum [1961] suggests that 
quality is a management system rather than technical activity. His theory distinguishes the 
following groups of factors decisive for quality: market circumstances, human resources, 
financial resources, management methods and techniques, raw materials, materials, machines, 
equipment, used technologies and a comprehensive approach.

P. B. Crosby [1979, p. 13] defines quality as compliance with the requirements. Requirements 
should be identified and understood by the entire staff and high quality will reduce costs and 
help maximise profits. The so-far attempts of defining quality focused on its non-measurable 
nature.The approach exhibited by P. B. Crosby is consistent with the later idea of E. Skrzypek, 
who claims we need to overcome stereotypes about quality as it can be measured precisely and 
is not non-measureable [Skrzypek, 2000, p. 18].Thus, the importance of measuring quality is 
highlighted and the attribute becomes measurable and can be expressed in numbers.
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Organisations are looking for solutions that would help them reduce costs, eliminate 
the sources of waste or improve profitability. By designing, implementing and continuously 
improving the quality assurance system these goals can be achieved. The quality assurance 
system should improve the efficiency of an organisation. It should identify weaknesses in the 
management system, reduce instability and be a tool for reducing controlled and uncontrolled 
variation [Skrzypek, 2000, p. 188].

We need to bear in mind that quality does not always mean high costs, on the contrary, 
often the quality of service is less costly as it translates into a more accurate diagnosis, a smaller 
number of medical errors and complications, quicker recovery of a patient, less invasive treat-
ment and a reduced demand for healthcare [Skrzypek, 2000, p. 7].One may not unambiguously 
decide that a hospital whose economic performance is poor offers lower quality service than 
a hospital whose economic results are better.

Diagnosing the performance of a health facility based on its efficiency compared to other 
health facilities is not enough to directly trigger a remedy action without considering the quality 
dimension of efficiency. This is because there is a risk of undermining a facility´s efficiency 
(understood as a degree of the accomplishment of specific goals, i.e. offering services based 
on the state-of-the-art scientific knowledge), which, in turn, leads to low quality service.

Taking account of the above, studies and analyses targeting health facilities and conducted 
based on the proposed DEA methodology (as one among the methods that measure efficiency) 
should be expanded with the quality dimension and take account of the nature of data. The 
proposed data must be quantifiable measures of quality presented as numbers. Then, the 
combination of the quality dimension with efficiency may provide a coherent complementary 
entity ensuring the efficiency of a health facility. Considering the aforesaid, we suggest adding 
on qualitative measures to efficiency measuring exercises in health facilities; we present them 
as inputs and outputs in Table 1.

Table 1. Quality inputs to outputs ratios and efficiency of health facilities

Input Output

Cost of certification No. of claims and complaints lodged by patients

Cost of CMJ accreditation No. of claims and complaints lodged by patients

No. of conducted audits/No. of auditors No. of infected patients

No. of staff trained in the quality of health services No. of claims and complaints lodged by patients

No. of people in the quality improvement team No. of surveys on patient satisfaction with health services

No. of staff in audit/control units No. of complaints/infections/deaths

Cost of patient satisfaction survey No. of claims and complaints lodged by patients

Source: M. Leśniowska-Gontarz, 2017. Wpływ jakości usług na efektywność funkcjonowania niepublicznych podmiotów leczniczych 
przy wykorzystaniu metody DEA na przykładzie województwa podkarpackiego, PhD thesis. Warszawa.

Summing up, in the reformed healthcare system the importance of a client-patient has 
become much more prominent as he/she can independently choose the service provider. To 
win a client, health facilities need to constantly improve the quality of their services developed 
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in response to a thorough assessment of patient needs; this is a way to attain a higher patient 
satisfaction with received health services. The new economic and legal setting has made us look 
at health facilities through the lens of quality and, on the other hand, through the rationality 
of using their respective resources. For decision makers in health facilities it is fundamental 
to combine quality and efficiency of their performance.

Summary

Health facilities operate in a highly volatile environment and they are looking for ways 
to survive in the market and effectively face competition. Hence, efficiency is a must and health 
facilities are seeking ways of reducing costs or eliminating the sources of waste. Implementa-
tion of results of efficiency measurements into an organisation without taking a broader view 
upon the quality aspect (including indicators, such as complications, side effects or patient 
satisfaction with treatment) may lead to irreversible deterioration of patients’ health, higher 
morbidity, longer recovery periods or even deaths.

Initiatives intended to improve quality are seen today as methods aimed at achieving 
a measurable goal, that is treating patients in line with the state-of-the-art knowledge. This is 
why efficiency of a health facility should go hand in hand with the quality of health services it 
offers. Thus, measuring efficiency should be expanded with the quality dimension represented, 
due to the proposed DEA methodology, by quantifiable measures. By combining quality and 
efficiency we can present the true and comprehensive picture of health facilities.

Knowledge about efficiency expanded with the measurable dimension of quality for 
individual health facilities may be the starting point for a more in-depth assessment of how 
they use financial resources and other assets to find out, at a later stage, potential cases of 
inefficiency. The approach proposed in this paper brings us to a new paradigm of efficiency 
enriched with the quantifiable quality dimension reflecting the efficiency of a health facility.

Conclusions set out in this paper can, on the one hand, be used to encourage a more 
in-depth investigation into the efficiency of health facilities and, on the other hand, can be 
applied in management practice.
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