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Effectiveness Measurement Using DEA & BSC 
Methods in Public Health Services

Neda Vitezić1, Stanka Setnikar Cankar2, Željko Linšak3

Abstract

It is well-known that health-care systems all over the world try to improve effi  cien-
cy and eff ectiveness due to high pressure to pursue rational performance. Many 
of the health-care reforms in diff erent countries are conducted with the objectives 
to rationalise costs, to make health services more available, and to increase, or at 
least not to reduce, the quality of health services. Adequate effi  cient metrics used 
in assessing health-care services are critical for the quality of decision-making. Th e 
subject of this research is effi  ciency measurement in the institutes of public health in 
Croatia oriented to preventive activities, i.e. monitoring, analysis, and evaluation of 
the health of the population. Diversity of the programmes and temporal variability 
are the characteristics of public health services, and it is therefore harder to mea-
sure the eff ects in the long run. Th is research aims to analyse and propose a new 
approach to the measurement system using two methods: the Data Envelopment 
Analysis (DEA) and the Balanced Score Card (BSC), combined into the DEABSC 
integrative model, which can be an effi  cient method for the decision-making pro-
cess. Th e starting point of this research is the analysis of the measurement system 
in public-health services in Croatia. Th e results confi rm a weak and inadequate ef-
fi ciency measurement system and very low eff ectiveness measurement. To enhance 
the effi  ciency measurement, we have developed the conceptual integrative DEAB-
SC model which has been tested at the Teaching Institute of Public Health – the 
Department of Health Ecology. Using DEA for 2017, we have identifi ed relatively 
effi  cient units that helped establish future goals set in the BSC strategic map. Th e 
combination of DEA and BSC allows identifying options for improving the eff ec-
tiveness of public-health service programmes. Th e study confi rms that it is possi-
ble to determine the relative effi  ciency of diff erent DMUs within the Department 
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of Health Ecology and use best practice for each perspective in the BSC Cause & 
Eff ect conceptual model. Th is paper also provides recommendations for an easier 
establishment of performance measurement in order to achieve the mission of pub-
lic health institutions, but also indicates some limitations in the application of the 
methods.
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effi  ciency measurement, DEA, BSC, public health services, health ecology
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1. Introduction

Th e public health system faces new challenges of the digital age, resulting in changes 
in organisation, regulation, and management. Management is moving towards more 
objective performance evaluation and decision-making. Th e task of public health 
services is to improve the population’s health, and therefore they comprise a series 
of improvement measures. Many of the health-care reforms in diff erent countries 
are conducted with the objectives to rationalise costs, to make health services more 
available, and to increase, or at least not to reduce, the quality of health services. 
In the development of health services, health policy pursues three key objectives: 
eff ectiveness, effi  ciency, and equity (Saltman and Figueras 1998, Saltman 2002, Toth 
2006, Fineberg 2012). A successful health system must meet several criteria. Th e 
quality of health services stands out in particular; it is a fundamental starting point 
for improving the health status of the population. Very good, secure, timely, and 
patient-focused care results in the eff ectiveness of the health-care system. It is im-
possible to assess the effi  ciency of health services if the services are not successful. It 
sometimes happens that both components and the objective are incompatible, and 
their research therefore requires certain attention and a balanced view (Toth 2006, 
43). Th is means that health-care management and performance should be defi ned 
as an appropriate combination of effi  ciency and eff ectiveness. An effi  cient health 
system is the one that meets an acceptable standard of quality using a minimum 
combination of resources. Eff ectiveness evaluates the outcomes of health services 
and can be aff ected by effi  ciency or can infl uence effi  ciency. Health-service perfor-
mance can be effi  cient, but not eff ective, and vice versa. Th e aim is to be both.

In recent years, Croatia has improved its health-care system, like most other 
European countries. In the decade aft er the proclamation of independence, the 
Croatian health-care system underwent a series of reforms. Th eir aim was to trans-
form the fragmented and largely decentralised health-care system (Džakula et al. 
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2012). Th e Croatian health care system is designed on compulsory health-insur-
ance principles. Th e system is mostly fi nanced from public funds. Aft er the year 
2000, the ownership of primary and secondary health facilities was distributed 
between the state, regions, and municipalities. Tertiary health-care institutions, 
which include clinical hospitals, clinical hospital centres, and national health in-
stitutes, remained in state ownership. Secondary health-care institutions (general 
and special hospitals) and regional health-care institutes became the property of 
the counties. Most general health-care institutions were privatised or became the 
property of counties and municipalities (Zrinščak 2007). Each of the Croatian 
municipalities has an ambulance that provides primary health care for the resi-
dents. Among the weaknesses of the system is a lack of effi  cient supply, which is 
the result of an excessive number of health-care institutions. Th ese are operating 
losses, and the institutions do not have enough professional and managing staff . 
Projections show that the ageing population will require more fi nancial resources 
from the budget, while private insurance institutions contribute only a small part 
of the total resources (National Strategy 2012 – 2020). All of this shows that the 
monitoring of the effi  ciency of human, material, and fi nancial resources in the 
health-care sector is a necessary and important task.

Th e aim of this research is to analyse the effi  ciency in public health services 
and propose a new approach to the measurement system using two combined 
methods: DEA and BSC. To enhance effi  ciency measurement, we have developed 
a conceptual integrative cause-eff ect DEABSC model which was tested at the De-
partment of Health Ecology of the Teaching Institute of Public Health in one of the 
Croatian counties. Using DEA we identifi ed the relative effi  ciency of each of the 
12 units within the Health Ecology Department in 2017. Th e results are used as a 
starting point for goal-setting on the BSC strategic map. Combining DEA with BSC 
helps identify the possibilities for improving the eff ectiveness of public health ecol-
ogy services. Ecology health services have the same goals and tasks everywhere, so 
the model can be applied for internal effi  ciency measurement purposes, regardless 
of whether it is a public or a private service.

Th e paper is structured in fi ve chapters. Th e fi rst is an introduction to the 
performance of the public health system and the subject of the research. Th e second 
chapter presents a literature review of effi  ciency and eff ectiveness measurement in 
health care, while chapter three introduces the use and signifi cance of DEA and 
BSC. Chapter four presents the results of the conducted empirical study at the De-
partment of Health Ecology, using data for 2017, as well as the presentation and 
description of the developed conceptual DEABSC model. Finally, chapter six forms 
the discussion and conclusion, along with limitations and suggestions for further 
research.
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2. Literature review

Continued improvements in the effi  ciency and eff ectiveness of health care are a 
prerequisite for the population’s health and measuring conditions for progress. 
However, measuring the eff ectiveness and effi  ciency of the health-care system is 
not easy. Th e biggest issues are methodological (Hollingsworth 2008, Asandului 
et al. 2014). Th e citizens’ health status aff ects the level of well-being, productivity, 
and social and economic stability of the country. Th erefore, improving the health-
care system is an important goal, both for the countries with a low or medium 
level of development, and for highly developed countries, since they all provide 
citizens with eff ective and quality health care.

Th e ability of a health system to provide equality and effi  ciency is of crucial 
importance for more sustainable improvement of the health status of the popula-
tion. Sometimes the authors have incorrectly equated the eff ectiveness of the health 
care system with expenditures for health care (Heller and Hauner 2006, Asandului 
et al. 2014). Musgrove (1999) identifi ed several important criteria that should be 
taken into account when making decisions on major expenditures for health. Th ese 
are the economic effi  ciency criteria (public goods, cost-eff ectiveness), the criteria of 
moral nature (fi ght against poverty, vertical and horizontal equality), and adherence 
to the policy (special requirements of populations).

Asandului et al. (2014) explored the effi  ciency of European health-care sys-
tems. Th e authors state that some of the more developed countries are more eff ec-
tive in using investments in health, but there are also a few developed countries that 
are on the border of effi  ciency. Romania and Bulgaria are good examples. Romania, 
which has the highest rate of infant mortality in Europe, is one of the countries with 
the largest number of doctors per 10,000 inhabitants. At the same time, there are 
also more developed countries that are technically ineffi  cient, although they have a 
high GDP. Th e authors believe that similar research should be continued and simul-
taneously complement and test a set of new input and output variables. Ultimately, 
effi  ciency also depends on good governance of the health system. It is a series of 
organisational aspects that can have an impact on effi  ciency and eff ectiveness of the 
health-care system and, consequently, on the quality of health services. European 
countries have developed some common strategies and diff erent ways of regulation 
in health care (Lodge 2014; Lunn 2014). One of the biggest levers of change is the 
changed role of the private sector in the fi nancing and implementation of health 
services.

It is a very important area of public health, focused on the provision of preven-
tion programmes to citizens. A special “story” in this fi eld is the Netherlands. Th is 
country was ranked highest in the year 2015 in the European index of health-care 
users (Björenberg 2016), which has been monitoring and measuring 6 areas in 36 
countries since 2005. Good results were achieved by Sweden, Slovenia, and Croatia. 



203

Effectiveness Measurement Using DEA & BSC Methods in Public Health Services…

Th e European index of health-care users has also involved the fi eld of provision of 
information to users of health services and the possibility to exercise their rights. 
Th e Netherlands is among the top European countries in this area, as well. Sweden 
and Great Britain are also well-organised, as well as Slovenia and Croatia, but they 
both have some shortcomings in certain areas. In general, the infl uence of consum-
er rights and the rights of patients in Europe are improving.

Croatia has a long tradition in the fi eld of public health. During the two world 
wars, the Andrija Štampar School of Public Health was established in Zagreb; the 
fi rst public health school in Europe. Today, among its most important projects are 
the system of vaccination against infectious diseases, prevention of smoking and al-
coholism, promotion of physical activity of citizens and viral vaccination as well as 
concern for health ecology. In all of the observed countries, there are independent 
contractors or special institutions for public health care. However, in the Nether-
lands and Great Britain, many of the key areas of public health were transferred 
to and organised at the local level, while in Croatia and Slovenia, the national and 
regional levels are predominant. Th e fi eld of public health receives relatively scarce 
resources in all selected countries (Björenberg 2016). Th is is also a fundamental 
challenge, not only for these countries, but for all of Europe. It is necessary to imple-
ment the following measures to enhance the eff ectiveness of the health-care system 
in Slovenia: establishing a national system for evaluating health-care technology, 
reforming mechanisms for paying providers, introducing a system that rewards em-
ployee excellence, developing the digital platform for health-care users and ensur-
ing its usage, improving primary medical care by limiting referrals and putting in 
place a system for long-term care (Setnikar Cankar and Petkovšek 2011). However, 
at the same time, it should be possible to include better information on the eff ective-
ness of established programmes in the fi eld of public health to ensure the maximum 
eff ect of the funds.

3. Effi ciency measurement using DEA BSC

By introducing a “new public management” concept (NPM) in the public sec-
tor thirty years ago, the measurement of effi  ciency and eff ectiveness has become 
the interest of scientists and practitioners. Th is has led to public-sector reforms 
inspired by the idea that private-sector management techniques and marketing 
mechanism increase the effi  ciency and eff ectiveness of public services. Service 
quality improvement has become crucial for a new public management (Enquist 
and Edvardsson, 2006), and reforms are characterised by improving the public 
services with the focus on effi  ciency, eff ectiveness, and responsive services, which 
are close to their customers (Pollitt 2002). Th e emphasis is on performance-man-
agement targets, indicators and results – output, outcome, and impact. Th e classic 
concept of effi  ciency implies transformation of inputs to outputs, where, in the 
public sector, outputs are mostly services. Th e quality of service outputs directly 
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or indirectly aff ects individual consumer satisfaction according to the set goals 
and objectives, in which case we speak of outcomes. Looking beyond, the level of 
achieved outputs and outcomes aff ects the society as a whole. Th us, eff ectiveness 
is the fi nal and crucial ratio of the result obtained and the one programmed to 
achieve. According to Drucker (2001), there is no effi  ciency without eff ectiveness, 
because it is more important to do what you have proposed well (eff ectiveness) 
than do well something else that had not necessarily been concerned. In their 
study of hospitals, Solà and Prior (2001) distinguish effi  cacy and eff ectiveness, 
wherein the former term is defi ned as achievements of targets, and the latter term 
is defi ned as “the degree at which production reaches the fi nal targets”.

Modeling effi  ciency in a non-parametric way was fi rst introduced by Farrell 
(1957). Since then, researchers have increasingly used Data Envelopment Analysis 
(DEA) in the public sector introduced by Charnes et al.(1978) for measuring rel-
ative effi  ciency. In addition to other public sectors like education, sports DEA has 
been one of the most widely used decision-making tools in health care. Th ere are 
also studies in which the authors use DEA methods to evaluate various aspects of 
the health fi eld (for example, the structure of the fi eld, the effi  ciency of the hospi-
tals, public policies or medical devices) by Coppola et al. (2003), Hollingsworth 
(2008), Nedelea et al. (2010), Amponsah (2013), Asandului et al. (2014), Vitezić et 
al. (2016), Amponsah and Amanfo (2017).

For more than twenty years, the Balanced Scorecard (BSC) introduced by 
Kaplan and Norton (1992) has been the prevalent and most discussed conceptual 
framework for transforming strategic objectives to a set of measurable and tangible 
performance measures. Th e model is based on four fundamental and logical fac-
tors, called perspectives, in the business process: fi nancial, internal business pro-
cess, customer and innovation, and learning. Th e point is in the balance between 
fi nancial and non-fi nancial, short-term and long-term, and internal and external 
goals and objectives. Th e model was developed several times and criticised, too. 
Over time, studies focused on the Balanced Scorecard in the public sector (Azizi et 
al. 2012), which got Kaplan and Norton to modify the original model by increas-
ing the number of perspectives and measures depending on the concrete vision 
and strategy of the organisation. BSC is widely used in the health-care system all 
over the world, exploring BSC as a management tool that can help organisations 
to eff ectively implement strategies (Bisbe and Barrubés 2012), or develop practical 
conceptualisation, mainly for hospitals (Lovaglio and Vittadini 2012, Chang et al. 
2008, Yilmaz and Erdem 2015, and many others).

From the perspective of health services, the BSC has some advantages, such 
as improvement of the information-management system, emphasis on the relation-
ship between quantitative and qualitative indicators, relatively few selected mea-
sures that can be checked at any time (Hemati et al. 2012). However, there are some 
disadvantages or limitations, such as a one-way causal relationship, a missing time 



205

Effectiveness Measurement Using DEA & BSC Methods in Public Health Services…

dimension when programmes in health services are considered, inability to select 
the best measures, insuffi  cient dynamics for simultaneous control (Jalali Naini et 
al. 2011). Th e BSC could not identify ineffi  ciency in the use of material and human 
resources, but in combination with DEA, some limitations could be avoided.

Th erefore, some researchers found a great potential in the integration of 
DEA and BSC (Rouse et al. 2002, Eilat et al. 2006), especially when quantitative 
and qualitative data are used to obtain a comprehensive performance and effi  cien-
cy management system (Kádárova et al. 2015). Th is new conceptual framework 
for monitoring performance and assessment of process effi  ciency is somewhat 
new in health care, especially in other health services. Th erefore, we have con-
ducted this study to gain insight into the benefi ts of such an integrative model 
with the aim to improve performance measurement by focusing on the effi  ciency 
and eff ectiveness of health services.

Health-care services are oft en the subject of research from the aspect of effi  -
ciency assessment, because there is suffi  cient evidence of widespread ineffi  ciency 
in the health-care system in the EU (Medeiros and Schwiers 2015). However, there 
is no research relating to the effi  ciency of other, preventive health services that are 
of great importance for the society as a whole. Accordingly, we carried out the re-
search in an attempt to fi nd an appropriate model for the measuring of effi  ciency 
of public health services in one of the public health institutes in Croatia. Public 
health services in Croatia are carried out through various programmes and proj-
ects organised at the national level along with twenty county-level institutes. Th eir 
primary tasks are monitoring, analysis, and evaluation of the population’s health, 
as well as planning, proposing, and implementing measures for the preservation 
and enhancement of the population’s health. Th e public health institutes’ activities 
according to the Healthcare Act (2008) include: the epidemiology of communicable 
and chronic non-communicable diseases, microbiology, promotion of health, pub-
lic health care, ecology, school medicine, addiction prevention, and mental health. 
Signifi cant roles of the institutes include the evaluation of the population’s health, 
the evaluation of health-care needs, the evaluation of health-care service results, as 
well as the introduction of health programmes and their coordination at the county 
and national levels.

Th e variety of programmes and projects within these activities signifi cantly 
complicates effi  ciency measurement at the level of the Institute, but allows their 
measurement at the level of individual organisational units. Th e selection of com-
mon inputs and outputs required for the DEA demanded professional assessment 
and selection of perspectives and measures necessary for the development of BSC. 
Th e ultimate goal of the research is to determine application possibilities and pro-
pose a conceptual framework of a DEABSC model adapted to the activities of the 
Institute of Public Health.
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4. Empirical study and results

Th e research was conducted at the Institute of Public Health in one of the Croatian 
counties oriented to prevention activities, i.e. monitoring, analysis, and evaluation 
of the population’s health with emphasis on health ecology services. Th e Institute 
has six health departments (epidemiology, microbiology, health ecology, mental 
health, school medicine, and social medicine) as well as the department for quality 
assessment, department for controlling and internal audit responsible for fi nancial 
management controls and performance measurement, and the head offi  ce. Due to 
organisational complexity, only the Department of Health Ecology, which covers 12 
DMUs, was included in the model testing. Th e mission of the Department of Health 
Ecology is to preserve and promote health of all citizens and visitors in the County 
through more effi  cient supply of health services. Accordingly, their vision is: long-
term improvement of the quality of life of all citizens in the County.

Th e starting point of this research was a survey by which we wanted to ex-
amine the type and content of information as well as the reporting system used 
in public health services provided by institutes of public health. A questionnaire 
was sent to all 21 institutes of public health in Croatia, and we discovered many 
diff erent statistics and fi nancial reports these institutes had collected and sent to 
the authorities. Institutes collect and analyse statistical reports according to their 
public health activities and programmes at the level of local (regional) government, 
i.e. county for the purposes of the Croatian Institute of Public Health. Additionally, 
most of the institutes inform other authorities (Director and the Board of Trust-
ees, County Department of Health, Croatian Health Insurance Fund, Ministry of 
Health, etc.). Th ey submitted to these bodies mainly fi nancial statements, but very 
seldom or never reports about the achieved goals. Larger regional institutes collect 
statistics and report using numbers (for example, numbers of analyses, samples, 
examined patients, users, etc.) or descriptive statistics. We found a lack of effi  ciency 
and eff ectiveness measures, which are of great importance for the assessment of 
impacts on the society, which is the primary goal of these public health institutes. 
Th ese fi ndings were the basis for the research on the possibilities of measuring the 
eff ects of activities and programmes of individual departments within the Institute 
of Public Health.

Taking into consideration that the main objective of the research is the applica-
tion of an innovative approach to effi  ciency measuring through a DEABSC model, 
the following phase in the research was to determine the possibility of application of 
the DEA. Th e DEA requires determination of inputs and outputs at the level of each 
operating unit of the Institute (DMUs), which operate in similar conditions and are 
equally important. Th at was the most diffi  cult step due to the complexity of activ-
ities within the Institute. Some departments are oriented to the patients they treat, 
or to a broader population in which they conduct prevention activities. Activities 
of some departments are linked with legal obligations (prevention of epidemics, 



207

Effectiveness Measurement Using DEA & BSC Methods in Public Health Services…

vaccination, examination of workers in the production, processing or distribution 
of food), some conduct diagnostic tests, and some analyse and monitor the envi-
ronmental factors and are not in direct contact with the population. Some activities 
provide results immediately or in a short period of time (vaccination, microbiologi-
cal analyses), and some programmes are conducted for a number of years and their 
end results are diffi  cult to evaluate (cardiovascular diseases prevention programme, 
prevention and early detection of melanoma, prevention of osteoporosis …). When 
prevention programmes are carried out on the entire target population (e.g. deter-
mined according to gender or age), the results are monitored through outcomes or 
end results set by the programme. A dynamic number of analyses, fi ndings, exam-
inations, lectures, etc. can be monitored by comparison with previous time periods 
or a plan within a time period; they therefore indicate an increase or decline, but 
not the eff ectiveness of the services. Th e ultimate goal of all the services provided 
by the Institute of Public Health is the provision of better-quality services in order 
to improve health and health conditions, so the outcome is the achievement of the 
desired end results.

Th e aforementioned complex research related to DEA applicability was tested 
at the Department of Health Ecology, which covers 12 DMUs. Th is department 
provides prevention services for people’s health regarding diff erent environmental 
factors (water, air, food, soil …). Th ey operate in the same conditions with regard to 
the given capital and human resources and have secured income.

We posed the following research question: could the results obtained by DEA 
be applicable to the units within the Department of Health Ecology ? In this case 
we used the data for 2017 that were collected in the Department of Controlling and 
Internal Audit. For inputs and outputs, we used fi nancial data (costs and revenue) 
and statistical data (samples and analysis) which are reliable and comparable for all 
department units. Th e inputs and outputs used are the following:

INPUTS: total costs and number of samples,

OUTPUTS: total revenue and number of analyses.

Total costs include the material cost, overall expenditure for wages, and ex-
penditure for investment in new equipment. Gross wage costs make up the largest 
share (55 per cent) and direct material costs 45 per cent, mostly referring to labo-
ratory equipment, services, and other expenditure used in the assessment. For this 
reason, the number of samples is critical.

Th e Department of Health Ecology collects and analyses various environmen-
tal samples (air, water, waste …) as well as food samples and items of general use. 
Sample analyses can be carried out according to chemical, physical, biological, and 
microbiological parameters. Certain types of samples can be processed with only 
one kind of analysis (e.g. microbiological parameter in food, biological parame-
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ter in honey), while in some others, various types of analyses can be carried out 
simultaneously: physical, chemical, and microbiological analyses. In most cases, 
the legislator prescribed the type of analysis and parameters which must be carried 
out, while in fewer cases the client requested specifi c analyses and parameters to 
optimise his / her (industrial or craft ) process or improve his / her service through 
development and research. In some samples it is possible to analyse over a hundred 
parameters (e.g. pesticides, polycyclic aromatic hydrocarbons …). Th erefore, it is 
possible to analyse one parameter in one sample, but also in over one hundred.

Th e number of analyses is directly linked to revenue generation due to the 
fi nancing policy. Th e Department of Health Ecology is mainly fi nanced from rev-
enues from services realised on the market (water, air, food, air emission testing). 
Th ese revenues make up over 60 per cent, and the rest are revenues from the bud-
get. From the fi nancial aspect, revenues have the largest share. Generating revenue 
is very important, because it allows investment in knowledge and equipment and 
consequently results in better quality of services.

Using the DEA, we want to measure relative effi  ciency between twelve organ-
isation units within the Department of Ecology. Th e focus is on internal effi  ciency 
improvements and better managerial decision-making. We used the BCC – an in-
put-oriented model that includes the returns on scale variable due to limited re-
sources and aspirations for rationality. Th e focus is on minimising the inputs used 
for processing the given amount of outputs. Most DMUs have a potential to increase 
their revenue and number of analyses using current resources or to increase the 
number of samples.

Th e goal is to analyse the relative effi  ciency related to revenue generation and 
number of analyses. Th e relevance of selected inputs and outputs was estimated us-
ing the correlation coeffi  cient, which is high. For example, in 2017, the correlation 
coeffi  cient of total costs and number of analyses is approximately 43 %, total costs 
and total revenue are, on average, correlated approximately 73 %.

Using two inputs and outputs, some of which are not fi nancial (number of 
samples and number of analyses), fi ve DMUs were relatively effi  cient in 2017: Water 
Control, Food Control, Air Emission, Biological Monitoring, and Exposure Unit. 
Nine of them have an increasing scale and the possibility to improve effi  ciency by 
scaling up their activities, and three of them (Water Units, Food Units and Environ-
ment Units) have a constant scale.

Th e Water Unit was a reference unit for the comparison of effi  cacy with re-
spect to other DMUs in the Department of Health Ecology. According to the fi nan-
cial information (income), but also the other indicators (number of samples and 
number of analyses), the Water Unit is most effi  cient and records a constant rise. It 
has the highest income, the largest number of samples and analyses carried out, and 
can be a pattern for other DMUs.
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Th e Croatian legislator prescribed that all raw spring water, water monitored for 
human consumption in the water supply network, and tap water sampled for the issu-
ance of building permits must be sampled randomly and frequently. Also, all objects 
under sanitary control are obligated to secure safe and healthy drinking water. Th at is 
why water samples are the most frequently tested environmental samples.

Table 1
BCC Model Projection for Ineffi  cient DMUs

Unit

Difference in %

Referent unit
Cost Number of 

samples

OUTDOOR AIR –33.44 –87.86 WATER

WASTE –46.68 – –

FOOD –19.65 – –

MICROBIOLOGY –47.70 –90.30
WATER

TECHNIQUES –75.85 –82.14

ECOTOXICOLOGY –15.00 –29.88
MONITORING

SAMPLES –55.63 –90.39

Th e usefulness of DEA is in the projection, i.e. movement of an ineffi  cient unit 
on effi  cient frontier. Th e benchmark units for ineffi  cient units with regard to inputs 
(costs and samples) and outputs (revenue and analyses) are the DMUs Water and 
Monitoring. According to their results, which are considered benchmarks, other 
units need to decrease their costs or could realise the same amount of revenue in 
2017 with fewer samples. For example, in order for outdoor air to be as effi  cient 
as water, it has to decrease costs by 33.44 %, or the revenue they gained could be 
achieved with 87.86 % fewer samples. Monitoring is the benchmark for two depart-
ments (Ecotoxicology and Samples); for example, Ecotoxicology has to decrease 
costs by 15.0 %, or the same amount of revenue can be achieved with 29.88 % fewer 
samples.

Th e obtained results were used when considering Balanced Score Card (BSC) 
and, furthermore, for the development of the DEABSC model that was the aim 
of this research. Taking into consideration the complexity of activities within the 
Institute of Public Health, we proposed BSC developed at the level of the Institute 
and the level of each public health department. According to the already identifi ed 
mission and vision of the Institute of Public Health, we developed the BSC mod-
el through four perspectives: users and other stakeholders; fi nancial management; 
quality of the processes and organisation; learning and innovation development. 
Th e fi rst and the crucial one is the perspective of users and other stakeholders (lo-
cal community, suppliers, investors …), for whom the Institute exists. Continuing 
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investments in staff  and innovation development should increase the quality of the 
process activities and ensure more funds for strengthening the quality of services.

In accordance with the general strategic map at the Institute level, each de-
partment developed its own BSC and strategy map based on the results obtained by 
DEA. For example, the strategic map of the Department of Health Ecology is the 
following:

Figure 1
Strategic Map of the Department of Health Ecology

Perspectives Objectives Measure

Users and other 
stakeholders

• to ensure users’ satisfaction 
through higher quality of 
services

• to increase the number of new 
types of services

……

• rating of users’ satisfaction
• number of new services / total 

number of services ……

Financial 
management

• to increase revenues from 
services on the market

• to maintain fi nancial 
sustainability

……

• the share of market revenue in 
total revenue

• revenue / costs
……

Quality of 
processes and 
organisation

• to certify, accredit, and 
integrate new management 
systems

• to improve the effi ciency of 
internal processes with new 
organisational and IT solutions

……

• number of implemented 
management systems / number 
of planned management 
systems

• number of accredited 
methods / total number of 
methods

• number of conducted 
analyses / effective hours of 
work

……

Learning and 
innovation 
development

• adoption and dissemination of 
knowledge

• increase in innovative solutions
……

• number of specialised 
educations / total number of 
employees

• number of innovations
• number of scientifi c and 

professional papers
……

Th e Balanced Scorecard is created to identify causes and eff ects between the 
objectives and perspectives derived from the department’s vision and mission. In 
a complex system of provision of public health services, it requires proper iden-
tifi cation of objectives, measures, targets, and initiatives using a quantitative and 
qualitative approach. Th e combination of the DEA method and the BSC model 
allows institutions to measure relative effi  ciency used as a target size and effi  cien-
cy through the indicators expressed in the BSC matrix. Knowing that effi  ciency 
and eff ectiveness are the key measures of success and fulfi lment of the objectives of 
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public health services, a DEABSC model could be developed to express cause and 
eff ect between effi  ciency and eff ectiveness as a bottom-line result. We propose the 
following two-phase model for the purposes of public health-service measurement:

Figure 2
DEABSC Cause & Eff ect Model

Th e DEABSC cause-eff ect model could be developed at the level of the Insti-
tute and the level of each department if it has at least six DMUs. Relative effi  ciency 
obtained by the DEA will be used as an objective or target within each perspective. 
Effi  cient DMUs (water and monitoring) will be considered benchmarks and used 
to measure effi  ciency in each of the perspectives relating to the strategy map at the 
department level. Th e cause-eff ect approach in each perspective will be measured 
using the DEA. Relative importance of the selected inputs and outputs will be taken 
into consideration. For example: through the DEA analysis, we have found that two 
departments (water and monitoring) were the most effi  cient in 2017. Th e results of 
their performance are used as a benchmark for determining the target size. Th us, 
for example, in the learning and innovation development perspective, adoption and 
dissemination of knowledge as one of the objectives should increase by 5 per cent by 
2020, or the number of implemented management systems relating to the number 
of planned management systems is targeted at 100 per cent by 2020. Th e share of 
market revenue in total revenue should increase to 5 per cent by 2020, the rating of 
user satisfaction is targeted to 4.5 by 2020. Using BSC, we have defi ned a strategic 
map by which certain objectives are causally linked and their inputs and outputs 
could be tested by DEA, for example: in the learning and innovation development 
perspectives, inputs are the number of employees and education costs, and outputs 
are the number of innovations, the number of internal and external education. In 
the second perspective – quality of processes and organisation, inputs are eff ective 
hours of work, and the output – number of analyses per hour, number of accredited 
methods. More analyses and accredited methods as outputs with the same or fewer 
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costs (input) will increase revenue, which is the output in the fi nancial management 
perspective. Suffi  cient fi nancial funds for quality services will have an impact on cit-
izens’ satisfaction and a healthy environment as the fi nal output or outcome (from 
the users’ and other stakeholders’ perspective). Th is is the fi nal result or outcome, 
and therefore, by combining the realised outputs with the set outcomes, we will 
measure the eff ectiveness of the programmes and activities in the long run.

5. Conclusion and discussion

Public health systems are very complex because of a variety of services and diff erent 
stakeholders – patients and other users, regulators, government, and other author-
ities. Public health as the science and art of disease prevention is organised on the 
community level aiming to provide the best services while respecting the principle 
of rationality. Th erefore, it is important and necessary to measure effi  ciency in all 
functions of health services. Th e fact is that the health-care system is at the begin-
ning of quality-performance measurement due to a lack of eff ectiveness measures. 
Th is paper is based on a real case study, i.e. public health organised in the Institute 
of Public Health in Croatia. Aiming to provide an effi  cient method for the deci-
sion-making process, we combined two methods creating an integrative cause-ef-
fect DEABSC model tested at the Department of Health Ecology. Using DEA, we 
have determined the relative effi  ciency of diff erent DMUs within the Department 
of Health Ecology, identifi ed ineffi  cient units and made a projection on the effi  cient 
frontier. Th e water department could be a benchmark for another fi ve departments 
if effi  ciency is estimated through revenue generation, because all departments sell 
their services on the market. Th e results of the monitoring department are consid-
ered a benchmark for another two departments with similar revenue generation. 
Th e results of these two benchmark departments (Water and Monitoring) are taken 
into consideration when determining the goals set in the BSC model created for the 
Department of Health Ecology. Th e BSC was created according to the mission and 
vision of the Institute through four perspectives, and DEA results are incorporat-
ed with regard to the objectives and targets. Th e study confi rms that it is possible 
to determine the relative effi  ciency of diff erent DMUs within the Department of 
Health Ecology and use results as the best practice for each perspective in the BSC 
cause-eff ect model. More importantly, the study confi rms that the combination of 
two DEA and BSC methods in the DEABSC model is possible and useful for pre-
ventive public health services when measuring effi  ciency and eff ectiveness.

However, exploring the possibilities of implementation of the DEABSC mod-
el, we identifi ed some limitations at the level of the Institute of Public Health. First-
ly, the complexity of public health services and their processes does not allow the 
use of DEA in all departments, only in those that consist of at least twelve units 
(minimum of two inputs and two outputs that can be considered). Secondly, within 
some organisational units whose activities are connected in the process, it is neces-
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sary to determine the importance of certain inputs and outputs by expressing them 
through a common measurement unit; for example, the necessary performance 
time, eff ective hourly rate. In this way, measuring relative effi  ciency will result in 
a more realistic target value that will be used as an individual input in the stra-
tegic map at the level of the Institute and individual departments. Th is will allow 
comparability between all DMUs within the Institute of Public Health or within all 
Croatian institutes, which will be the objective of further research. What is more, a 
DEABSC model can be used in any other public institution that intends to imple-
ment the BSC and use the DEA as a benchmark for target size.
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