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1. Introduction

The task of selecting the optimal information system has become very complex in
modern conditions for several reasons (Zaidan et al, 2015). First, it is difficult to
adequately assess which information system is optimal as there is a large number
of different information systems in the market. Furthermore, there is a problem of
non-compliance of the existing hardware and desired software solution. Also, the
lack of technical knowledge and experience of decision makers can pose a
problem. Another one of the problems that decision makers discover in the present
conditions when it comes to the selection of the information system is the rapid
progress of information technology.

Development of information systems and growing trends in the industry of
information technology have enabled their application in health organisations in
order to increase the provision of health services. During the development and
implementation of information systems to support electronic health care is
extremely important to choose the best alternative among many that exist in the
market. Proper selection of the health information system will provide not only the
cost and operational efficiency, but also better communication among health care
organisational units and a higher degree of interoperability, collaboration and
coordination. In this way, information systems (multi-stakeholder approach) in
health care organisations provide a higher level of quality of services resulting
from adequately collected and analysed information on the health status of patients.

Evolution of information technologies and trends in this industry have enabled
the use of information as a resource without which one cannot imagine the efficient
operation of an organisation and its market recognition. Information creates
competitive advantages and makes the difference between successful and
unsuccessful companies on the market orbit. Management information systems for
the electronic health care support is also a result of the need to take the same health
organisations differentiate itself in the market, providing high quality and cost
effective health care services (Rodrigues, 2000). Information systems in health care
organisations contribute to better monitoring of patients' medical history and giving
users analytical tools for forecasting the future state of the disease. Also, in
electronic health information exchange is facilitated by giving the space for the
exchange of opinions of medical personnel which may not be geographically
linked.

The structure of a concrete health organisation defines the use of software
solutions for the implementation of the e-health concept. Functional and
evolutionary-minded hardware and software applicative infrastructure contributes
to the consistency of the concept of electronic health that all users of the system
provides a user friendly attitude towards software solution, which ultimately leads
to the provision of timely and quick medical services in real time. In this way, the
selection of adequate software solution provides the ability to better health care
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with respect to collecting and analysing large amounts of information can monitor
patients' medical histories.

Implementing the system for electronic support in health care organisations is
facilitating and professionalising the business environment. Using modern software
solutions offers a better service and a more efficiency in organisation resources
using. The development of systems for electronic support in health care
organisations prevents the occurrence of errors due to software equipment of
precise presentation and documents archiving. Rising operational efficiency and
the level of collaboration as well as the monitoring and control of both diseases
improves traffic consumed medical supplies (Rodrigues 2003). Classification,
transformation, verification and sending information about the health status of
patients, the state of stocks of medical supplies and equipment, as well as
monitoring the distribution of financial, organisational and human resources are the
key activities of the process of virtualisation of health services. The activities
mentioned development and implementation of information systems in health care
organisations, which handles large amounts of data, use the GIGO (garbage in
garbage out) principle of acquisitions of health data.

The introduction of electronic health records as an integral part of e-health in
the health organisations solves the problem of data acquisition for patient
monitoring (with guaranteed protection of privacy). The flow of multimedia
content enables superior communication between medical teams and the opinion
exchange on the provision of quality health services with the cost reduction at all
levels. Identification of problems and challenges in the possibilities evaluation for
implementing systems in health care organisations is very important in order to
timely eliminate the so-called bottlenecks of the process when introducing new
software solutions. They arise due to inadequate adjustment of health care
information user to new conditions (Mitchell, 2003). Providing adequate and
representative methodology for assessing the ability of healthcare organisations to
implement a HMIS concept (Health Management Information Systems) is a basic
principle of work of the electronic health information systems. This is because the
multi-stakeholder approach requires precision, clarity, transparency and security in
using and analysing health information, with the aim of providing better health
protection and preventive actions in case of certain diseases (Rodrigues, 2003).

This kind of virtual communication within health organisations with web
orientation allows a higher degree of coordination and collaboration between staff
and patients. Also, the information systems in electronic health promote the
process of managing financial resources and organisational capital. Proper
selection of software solutions, which are in the market proved to be the most
effective, and taking into account the organisational characteristics, creates a
virtual health community that adds a new dimension of cost-effective health
services and providing better health care. Information Systems in electronic health
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support the process of managing financial resources and organisational capital. In
this way, the development and implementation of information systems of this kind
comes to the integration of the same with a SCM (Supply Chain Management) and
CRM (Customer Relationship Management) date healthcare organisations all of
which leads to the productive process of planning and management of resources of
the organisation (ERP - Enterprise Resource Planning).

Information systems for the e-business health organisations support in the
foreseeable future will be widely predominated solutions for effective
communication to healthcare organisational units with each other and with patients.
This will improve the delivery of health services in terms real time actions, based
on the analysis of patients case histories daily monitoring and large amounts of
data in real time (Tan et.al, 2010). By creating a virtual health networks and
communities improves the exchange of opinions of medical personnel and the
transfer of knowledge, modern equipment, medicines and medical supplies. The
concept of the electronic health card in virtual communities helps organisations to
accomplish cross-border cooperation in order to effective treatment of patients and
preventive actions.

In order to achieve all the above benefits of electronic health an organisation
must implement a complete analysis of their abilities, capacities and structures.
This is because, for the proper functioning and use of the concept of e-health in
order to provide better health services and life, it is necessary to choose that
software alternative in the market which will best suit organisational performance.
Selected information system of electronic health care aims to raise the performance
of healthcare organisations to a higher level, but it is necessary that all the
organisational sectors and stakeholders get involved in the implementation process.
The evolutionary approach of the electronic health care organisation is also
important due to the fact itself realizes over time its development potential and
possible work inconsistencies that should be improved or eliminated using
adequate health information system. Therefore, the electronic health monitoring
trends and their relationship with organisational features represents significant
activity in order to choose a real alternative of ready-made software solutions.

For the purpose of testing the starting hypotheses, quantitative methodology
was applied in the paper. The paper has two structural parts. The first part provides
an overview of theoretical and empirical considerations of the effects of FDI inflow
and measuring of company’s performance. The second part elaborates the results of
the conducted research.

2. Theoretical Background

Area of evaluation and selection of the information system has become a subject of
interest for many researchers because the process of selecting an adequate
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information system which meets the specific needs of particular institutions is
complicated and time-consuming task bearing in mind the need to fulfil several
criteria. Also, the choice will be different depending on the point of view of
decision-makers, since not all users are interested in the same goals (the doctors are
primarily interested in the selection of user-friendly system, nurses are interested in
systems that allow easy entry and manipulation of data, economists want that
installed system quickly realises a return on investment, while information
professionals are interested in building a system that works and that is reliable
within given limits). Selection of wrong information system cannot only represent
an unjustified expenditure, but can also have a negative impact on business
processes and the functioning of the institution. Therefore, the main objective of
this paper is to present one of the approaches for evaluating health information
systems using the multi-criteria decision making methods.

This paper will employ TOPSIS method as a multi-criteria analytical tool for
assessing the development and implementation of the best alternative among the
current software solutions on the market of medical information systems. TOPSIS
method is different from other, alternative methods, because it is easy to
understand and use, but at the same time very effective, and it takes into account
the ideal and anti-ideal solution. In this method, the number of steps for its
implementation is the same regardless of the number of alternatives and criteria.
Unlike other methods, ranking of alternatives is numerical value, which allows a
better understanding of the results. TOPSIS method is efficient in solving problem
of ranking, compared to other methods (Anojkumar, L. et al., 2014). The most
commonly used alternative method for TOPSIS is ELECTRE method, but there are
other methods for ranking that can be used such as PROMETHEE, SAW, MOORA
or VIKOR. The failure of TOPSIS is that it does not take into account the
correlation between criteria and the relative distance between the ideal and anti-
ideal solution (Jahan, A. & Edwards, 2014).Based on the list of the top 20 most
used software solutions at the start of 2016, according to data from the EHR in
Practice, in electronic health, the authors have decided to analyse and rank the
performance of three software solutions:

o eClinical Works - software solution for the implementation of the concept
of electronic cards (EHR- Electronic Health Record). It is used as a
platform for providing services based on electronic health care with
adequate monitoring and analysing information about the history of the
disease even on mobile devices. It respects HIPPA standardisation and
allows web orientation, which provides the basis for cloud approach to data
organising;

e CureMD - platform solely based on cloud orientation for information
management based on big data concept. It uses HL7 standardisation and
enables the efficient flow of documentation, medical supplies and
exchange of opinions. Also, its multi-stakeholder approach provides insight
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into other institutions’ information about the particular patient (insurance
companies, local authorities, ministries, educational and scientific research
institutions). It provides the necessary data security and privacy in the
context of stakeholder data exchange. It also creates a space for effective
communication with laboratories and development of
pharmacoinformatics.

McKesson Practice Choice - a software solution that is mainly used for
medical centres with fewer employees (<50) in order to increase cost
effectiveness and the degree of coordination. Also, the platform on which
this software solution is based enables better communication of patients
and medical staff in real time and consequently the increase of health
services quality. Due to this, the future course of the disease can be
predicted and further analysed because of the small number of stakeholders
involved in the use of information which gives a higher level of
commitment and attentiveness in providing health services to patients.

For evaluation of software solutions for electronic health the following criteria
were taken into account:

Number of users of information systems for support to electronic health
(Cy);

Data redundancy on an annual basis in the preparation and encoding
electronic invoices (C,;

Monthly increase of interoperability rates at the beginning of the
implementation period (Cs);

Rate of return on investment in communication infrastructure on a monthly
basis in the year of implementation of electronic health (C,);

Monthly increase of the utilization of data (big data) based on cloud
approach and web orientation in percentage (Cs);

Assessment of compliance with HIPPA principles on a scale of 0-10 (Cs).

Multiple criteria decision making represents a process of solving the problem
of selection one among several alternatives that are evaluated by using several
criteria (Yoon & Hwang, 1995). Evaluation and selection of information systems
can be seen as multi-criteria decision making problem and therefore for their
resolving multi-criteria methods can be used. Many methods for solving the
problem of multi-criteria decision making require clearly defined and expressed
weighting coefficients. Weighting coefficients represent the importance of each
attribute, i.e. the contribution of each of the attributes to the achievement of the
final goal. Therefore, evaluation and allocation of weights plays a key role in the
process of multi-criteria decision making and varies depending on decision makers
qualities.
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Weighting coefficients should be in accordance with the purpose of analysis.
Also, the weights themselves represent useful information for those who evaluate
solutions for specific problems solved by multi-criteria decision making methods,
as they quantitatively indicate preferences of decision makers. Area of weights
determination occupies the attention of many researchers. In the literature one can
find several works that propose a specific method for calculating the weight
coefficients. Among the methods that are commonly found in literature we can
single out Trade-off method (Mili¢evié¢ & Zupac, 2012, Arnesen & Trommald,
2004; Poyhonen & Hamalaien, 2001), SMART method and modifications of this
method SMARTS and SMARTER (Edwards & Barron, 1994; Ward & Hutton,
1994; von Winterfeldt & Edwards, 1986; Barron & Barrett, 1996), the AHP
method (Rao, 2008; Saaty, 1990; Rao & Davim, 2008; Podvezko & Sivilevi¢ius
2013), Entropy method (Zavadskas & Podvezko, 2016; Wu et al., 2011; Chin et al.,
2015), CRITIC method (Milic¢evi¢ & Zupac, 2012; Diakoulaki et al., 1995; Deng et
al., 2000), Delphi method (Pulipati & Mattingly, 2013; Curtis, 2004), Conjoint
method (Danaher, 1997), MACBETH method (Kundake1 & Isik, 2016; Kundakct,
2016; Karande & Chakraborty, 2014; e Costa & Vansnick, 1997), Direct rating
(Bottomley & Doyle, 2001; Roberts & Goodwin, 2002), FANMA method
(Mili¢evi¢ & Zupac, 2012; Krsti¢ et al, 2015; Srdevi¢, 2005, Ma et al., 1999),
Weighted Least-Square Method (Xu, 2004).

Some of these methods give importance to the subjective assessment of
decision makers, while others rely on exact scientific method. Regardless of the
method for determining weighting coefficients, one thing is certain, their impact on
the final ranking of alternatives is very important, therefore, determining the
weighting coefficients should be approached with great seriousness.

Bearing in mind the fact that the subject of evaluation is the health information
system we have reviewed the literature related to information systems and found
the AHP method application in numerous works (Ahmadi et al, 2014; Wei et al.,
2005; Colombo & Francalanci, 2004; Lee & Kim, 2000; Kim & Moon, 1997; Ngai
& Chan, 2005; Teltumbde, 2000) and also the application of TOPSIS method
(Huang, 2008; Kim & On, 2014). Therefore these methods will be applied in this
paper for assessment of effectiveness of health information systems. An integrated
the AHP-TOPSIS method will be applied, where the AHP method will be used for
weighting coefficients determination while the final ranks of observed alternatives
will be determined by TOPSIS method.

3. Methodology

Method of Analytical Hierarchy Process (AHP) was developed by Thomas Saaty in
early seventies. The AHP is a tool in the analysis of decision-making, designed to
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assist decision makers in solving complex problems involving a larger number of
decision-makers, as well as numerous criteria.

The AHP method is based on well-defined mathematical structure that allows
the determination of eigenvectors based on which relatively accurate or accurate
weights are generated (Jayant et al, 2014). Method of Analytical Hierarchy Process
makes the comparison of criteria or alternatives taking into account the criteria, by
pairs. In addition, this method uses proven numerical scale that represents
individual preferences, taking into account both quantitative and qualitative
attributes (Saaty, 1980, 1994). In this way, the individual preferences are
transformed into ratio scale.

The essence of the method is to create a hierarchical structure from a complex
decision problem that may contain multiple criteria, multiple alternatives as well as
the increasing number of decision makers, determining the weights of criteria and
alternatives by levels and thus form a final ranking of alternatives. The process of
modelling requires four phases (Saaty, 1980 specified in (Zaidan et al, 2015)):

1. Creating a hierarchical structure i.e. determination of alternatives,
criteria and sub-criteria

2. Collection of data through pairwise comparison in order to create a
decision-making matrix

3. Evaluation of relative weights
4. Adoption of the final decision

The first phase involves the decomposition of the decision problem. The
problem is observed as a hierarchy, where at the very top the goal of the problem is
located, while the criteria and possibly sub-criterion, depending on the complexity
are placed at the lower levels. A set of alternatives which are the objects of the
assessment are positioned at the lowest level of the hierarchy is.

The second phase of the AHP method involves the collection of data and
pairwise comparison of the elements of hierarchical structures, both at a given level
of hierarchy, and in relation to the criterion of the immediately higher level. The
essence of pairwise comparisons is to determine the preferences which decision
maker expresses through Saaty’s scale of relative importance.

Table 1. Saaty's scale of relative importance

Intensity | Definition

1 Equal importance

3 Moderate importance
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5 Strong importance
7 Demonstrated importance
9 Extreme importance

2,4,6,8 | Mean values between two adjacent assessments

Source: Saaty, 1980

The result of this process is the appropriate comparison matrix which
represents the beginning of the third phase of the AHP method. The third phase of
the AHP method consists in assessing the relative weights. Pairwise comparison
from the second phase results in a reciprocal nxn matrix A, where the elements on
the main diagonal are a;; = 1, and the elements a;;are calculated as the reciprocal

of the elements a;;, ie. aj; =—, i#], and i, j = 1, 2..., n (Jankovié-Milié &
13}
Stankovic, 2010).

As a result of this comparison, in the fourth phase, on the criteria level, one can
determine the relative importance of each criterion, expressed through the
weighting coefficient. On the other hand on the level of alternatives it is possible to
determine the ranking of alternatives for each of the monitored criteria. Advantages
of the AHP method (Jadhav & Sonar, 2009):

e The AHP allows decision-makers decompose decision problems into
hierarchy, making it easier to understand and also performing the simplification of
the problem;

o It represents a flexible and powerful tool for combining both quantitative
and qualitative multi-criteria problems;

e The AHP method can be applied into situations of individual and group
decision making.

Disadvantages of the AHP method (Jadhav & Sonar, 2009):

e The AHP method is time-consuming since it is necessary to perform
mathematical calculations and a number of pairwise comparisons whose number
increases with the increase of number of criteria and alternatives;

e Decision makers must re-evaluate their decisions if the number of
alternatives or criteria changes;

e Rank of the alternatives depends on the number of considered alternatives
and addition or deletion of some of the alternatives leads to changes in the final
order.
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In this paper, the AHP method will be used to determine the weight
coefficients, while setting priorities, i.e. ranking of alternatives will be carried out
by using the TOPSIS method.

The name of the TOPSIS method represents an acronym for The Technique for
Order of Preference by Similarity to Ideal Solution. The ideal solution is the point
at which the utility for decision-makers is the largest, that is, the point at which
income attributes have the highest value, while expenditure attributes have the
lowest value (Todorovi¢ & Stankovic, 2011).

The TOPSIS method is a multi-criteria analysis method developed by Hwang
and Yoon in 1981 (Hwang & Yoon, 1981). TOPSIS method evaluates alternatives,
i.e. performs prioritisation of alternatives based on their geometric distance from
the positive-ideal and negative-ideal solution. Accordingly, it can be concluded that
the best alternative will be the one with the shortest distance to the positive-ideal
solution, and with the greatest distance from the negative-ideal solution. The
TOPSIS method involves the use of specific steps (Yoon & Hwang, 1995):

Step 1: Determination of normalised decision matrix R with coefficients rj
obtained by vector normalisation.

r. = X

ij m
2
Xij

i-1

Step 2: Determination of weight normalised decision matrix V with coefficients
vij which are calculated by multiplying each element of each column of the
normalised decision matrix by the adequate weights:

i=1,2,..m j=1,2 .., n (L1

Vij = W (12)

In this paper weightings were introduced from the AHP (Analytical Hierarchy
Process) technique to quantify the relative importance of the different selection
criteria.

Step 3: Determination of positive ideal and negative ideal solution. The values
v; and v; which describe positive ideal solution A" and negative ideal solution A’
are defined as:

A ={v1,v2,--.,vj,...,vn}={(maxvij
i

j€J)A(miny;

jed,)i =1,2,...,m}

(1.3)
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A = {vl’ v;,...,vj’,...,vn’} - {(mi_nvij

J €3;) A (maxy;

jed,).i :1,2,...,m}

(1.4)

Where J; represents the set of revenue criteria, and J, the set of expenditure
criteria. Depending on the defined problem, it is possible to define set Js, which
represent a set of nonmonotonic criteria. In that case positive and the negative ideal
solution would be defined as the most and the least preferred values for a given
nonmonotonic category (Todorovi¢ & Stankovié, 2011).

Step 4: Calculation of the distance (Euclidean distance) of each alternative
from the positive ideal and negative ideal solution. The distance from the positive
ideal solution is calculated as:

. 2
S =2 (%-vi), i=12..,m
= (15)

Similarly, the distance of alternative from the negative ideal solution is
calculated as:

it (1.6)

Step 5: Calculation of the proximity index (C;), which represents relative
proximity of alternative to the positive ideal solution. The index is calculated as:

cr=

: —*—,i:1,2....,m 1.7
'S +S; .7

Proximity index takes values in range 0 < C. < 1. If C; =0 the alternative
represents a negative ideal solution, and if Ci* =1 the observed alternative
corresponds with the positive ideal solution.

Step 6: Ranking of the alternatives according to their proximity index. The
optimum alternative is the one with the highest proximity index, and as such it
represents the optimal decision, or preferred or optimal solution to the problem.



132 Radenovié, Veselinovi¢ / Economic Themes, 55(1): 121-142

4. The Results of Empirical Research

According to data from the EHR in Practice six relevant criteria for evaluating
health information systems were established. Obtained values for each of the
alternatives for the observed criteria are given in Table 2.

Table 2. Decision matrix

Criteria
Alternative o C, |C; |C, Cs |Cs
eClinical Works 10,00{6,00 | 2,40 | 15,28 6,82 | 8,00
CureMD 2,9512,00(3,42|14,23(6,00| 6,00

McKesson Practice Choice| 4,40(2,73|3,25|13,33|7,4414,00

Criteria type max | min | max| max | max| max

Source: EHR in Practice

Normalised decision matrix is obtained by vector normalisation of given data
and presented in Table 3.

Table 3. Normalised decision matrix

Criteria

Alternative Cl Cz C3 C4 C5 Ce

eClinical
Works 0,88367(0,01473]0,45340(0,61682 | 0,58084 | 0,74278

CureMD |0,26068|0,04418|0,64610|0,57444 (0,51100 | 0,55709

McKesson
Practice
Choice 0,38881|0,03237]0,61399(0,53810|0,63364 | 0,37139

Next step requires creation of weighted normalised decision matrix. To
determine the weight coefficients in this paper Analytical Hierarchy Process
technique is applied. The importance of each criterion on a scale from 1 to 9 was
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obtained by subjective assessment of the authors and presented in Table 4. By
doing so authors have considering the importance of the criteria in terms of
profitability, that is the assumption is that decision maker is primarily interested in
rapid return on investment.

Table 4. Rating of criteria

Criterion Score

The number of users of information systems for 7
support to electronic health (C,)

Data redundancy on an annual basis in the 8
preparation and encoding electronic invoices (C,)

Monthly increase of interoperability rates at the 3
beginning of the implementation period (Cs)

Rate of return on investment in communication 9
infrastructure on a monthly basis in the year of
implementation of electronic health (C,)

Monthly increase of the utilisation of data (big data) 5
based on cloud approach and web orientation in
percentage (Cs)

Assessment of compliance with HIPPA principles 2
on a scale of 0-10 (Cy)

Obtained scores for each of criteria are then compared based on Satty’s scale.
As the result of this process a comparison matrix was created:

Table 5. Comparison matrix

C1 C2 C3 C4 C5 C6

C1 1,000 | 1,000 | 4,000 | 0,500 | 2,000 | 5,000

C2 1,000 | 1,000 | 5,000 | 1,000 | 3,000 | 6,000

C3 0,250 | 0,200 | 1,000 | 0,167 | 0,500 | 1,000

C4 2,000 | 1,000 | 6,000 | 1,000 | 4,000 | 7,000
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C5 0,500 | 0,333 | 2,000 | 0,250 | 1,000 | 3,000

C6 0,200 | 0,167 | 1,000 | 0,143 | 0,333 | 1,000

To determine the Eigen vector of comparison matrix, obtained values need to
be normalised. The normalisation was performed in two steps. First, the elements
of comparison matrix were summarised by columns, and then each of the elements
from comparison matrix was divided by the sum of the column in which it is
located.

a.

= m 4 l i! j:]-l 21 31 41 51 6 (18)
2.3
i=1

Then obtained values were summarised by rows. The value of weight
coefficient for a particular criterion was obtained by dividing the resulting sum
with the number of rows for each criterion separately. In this way vector of
priorities is attained and that vector represents the Eigen vector of the matrix.

6
2 Wi
w; = ':16 ,i,j=1,2,3,4,5,6 (1.9)

Wi

Based on the obtained results it is possible to determine the weights of each
criterion.

Table 6. Weight coefficients

Criterion Weight

The number of users of information systems for | 0,208041
support to electronic health (C,)

Data redundancy on an annual basis in the | 0,266682
preparation and encoding electronic invoices

(C)

Monthly increase of interoperability rates at the | 0,050216
beginning of the implementation period (Cs)

Rate of return on investment in communication | 0,331754
infrastructure on a monthly basis in the year of
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implementation of electronic health (C,)

Monthly increase of the utilisation of data (big | 0,200136
data) based on cloud approach and web
orientation in percentage (Cs)

Assessment of compliance with HIPPA | 0,043170
principles on a scale of 0-10 (Cq)

Bearing in mind the fact that during the process of prioritisation inconsistencies
of decision makers may occur the AHP provides the possibility to quantify the
resulting error by determining the index of consistency and degree of consistency.
Consistency index is calculated on the basis of consistency measure, which is
obtained by applying the function MMULT in Microsoft Excel, MS Office.
Obtained results are given in Table 7:

Table 7. Calculation of the priority vector and consistency measure (1)

C C, Cs C, Cs Cs w; 3

C, |0,202020 | 0,270270 | 0,210526 | 0,16342 | 0,184615 |0,217391 | 0,208041 | 6,044898

C, |0,202020 | 0,270270 | 0,263158 | 0,32684 | 0,276923 | 0,260870 | 0,266682 | 6,063368

C; | 0,050505 | 0,054054 | 0,052632 | 0,05447 | 0,046154 |0,043478 | 0,050216 | 6,055681

C, | 0,404040 | 0,270270 | 0,315789 | 0,32684 | 0,369231 |0,304348 | 0,331754 | 6,084476

Cs | 0,101010 | 0,090090 | 0,105263 | 0,08171 | 0,092308 |0,130435 | 0,100136 | 6,051075

Cs | 0,040404 | 0,045045 | 0,052632 | 0,04669 | 0,030769 |0,043478 | 0,043170 | 6,027636

Consistency index is then calculated by formula:

o (1.10)
n-1
If the consistency index is less than 0.10 the result is sufficiently accurate and
there is no need for adjustments, i.e. the AHP technique tolerates inconsistency of
less than 10%. Otherwise, when the consistency index is greater than 0.10 the
result should be re-analysed and the reasons for inconsistencies should be
identified.

The degree of consistency represents the ratio of consistency index and random
index. Random index depends on the number of rows of the matrix, and its values
are given in Table 8:
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Table 8. Random index values

1 2 |3 4 |5 6 7 8 9 10

00/00(058]09|112|125|132|141|145]|149

Source: (Saaty, 1980)

Table 9. Consistency index and degree of consistency

Cl 0,016895162

RI (n=6) 1,25

CR=CI/RI 0,013516129

Value of consistency index shown in Table 9 indicates that obtained weighting
coefficients are relevant, and can therefore be used in further analysis. Weighted
normalised decision matrix is given in Table 10.

Table 10. Weighted normalised decision matrix

Criteria
Alternative Ci C, Cs Cs Cs Cs
eClinical
Works 0,1838| 0,0039 | 0,0227| 0,2046| 0,0581| 0,0743
CureMD 0,0542 | 0,0117| 0,0324| 0,1905| 0,0511| 0,0557
McKesson
Practice
Choice 0,0808 | 0,0086| 0,0308| 0,1785| 0,0634| 0,0372

The next step of the TOPSIS method encompasses determination of the
distance of each alternative from the positive ideal solution and negative ideal
solution. The calculated distances are given in Table 11.

Table 11. Distance from the positive ideal solution and negative ideal solution

Alternative S” S-
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eClinical Works 0,01354 0,13240
CureMD 0,13094 0,01734
McKesson Practice

Choice 0,10627 0,03080

On the basis of the calculated distance proximity index can be determined. Proximity index
is necessary for determination of the ranking of alternatives. The results are given in Table
12.

Table 12. Proximity index and alternative ranks

Alternative Index value Alternative rank
eClinical Works 0,90723 1
CureMD 0,11693 3
McKesson Practice 0,22470 2
Choice

As already mentioned, the TOPSIS method determines the order of alternatives
on the basis of similarity to ideal solution, where an ideal solution is the one that
fully meets all the criteria. Since an ideal solution in real life is untenable, the
optimal solution is adopted and that is actually a solution which at the greatest
possible extent satisfies all the criteria. In this case it is a health information system
called eClinical Works. The TOPSIS method does not provide a specific measure
of efficiency but it gives the order of alternatives on the basis of which it can be
concluded which of the alternative is the best, and therefore the most efficient. The
obtained result gives an idea which information system is optimal in given
circumstances. Change of circumstances, primarily in terms of changes in
assessment of criteria, would require a re-evaluation.

5. Conclusion

Evaluation and selection of the information systems is demanding and time
consuming task. Problems such as detecting software evaluation criteria, creating
criteria hierarchy, defining adequate measures and application of comprehensive
methodology for facilitating decision-making process arise frequently. This paper
provides an overview of all the aspects that must be taken into consideration during
the process of selecting an appropriate information system. The evaluation of
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health information systems was conducted in the case of three most widely used
softwares in the electronic health care and it was based on multi-criteria analysis of
the health information systems efficiency using the AHP-TOPSIS method. This
method, based on the identified criteria and its measures has determined the order
of alternatives and identified the best ranked software solution among given
alternatives. The applied method does not provide an exact efficiency measure but
it offers the decision-makers the information about the ranks of the analysed
alternatives. Based on the obtained ranks, decision-makers can conclude which of
the alternatives is the best, and therefore the most efficient. The best rated software
solution is not necessarily the best for the implementation and development, given
the fact that each health care organisation has its own characteristics but it gives an
idea which software solution is optimal in certain situation.
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PRIMENA INTREGRISANOG AHP-TOPSIS METODA U OCENI
EFIKASNOSTI ZDRAVSTVENIH INFORMACIONIH SISTEMA

Apstrakt: Cilj ovog rada jeste analiza 1 ocena efikasnosti zdravstvenih
informacionih sistema u pruzanju usluga zdravstvene zastite. Naime,
evaluacija zdravstvenih informacionih sistema sprovodi se na primeru tri
najcescée koriséenih softvera u elektronskom zdravstvu. Ova evaluacija bazira
se na visekriterijumskoj analizi efikasnosti zdravstvenih informacionih sistema
pomoéu AHP-TOPSIS metoda. Ovim metodom se na osnovu zajednic¢kih
atributa 1 njihovih pojedina¢nih vrednosti za sva tri softverska resenja
ponaosob odreduje najbolje rangirano softversko resenje. Najbolje rangirano
softversko resenje elektronskog zdravstva mnije nuzno 1 najbolje =za
implementaciju i1 razvoj, s obzirom na to da svaka zdravstvena organizacija ima
svoje specificnosti. Funkcionalna 1 evolutivno nastrojena hardverska 1
softverska infrastruktura doprinosi aplikativnoj konzistentnosti koncepta
elektronskog zdravstva Sto svim korisnicima sistema pruza komforniju
primenu softverskog resenja, sto u konaénom vodi ka pruzanju pravovremenih
i brzih zdravstvenih usluga u realnom vremenu.

Kljucne reci: visekriterijumska analiza, elektronsko zdravstvo, AHP, TOPSIS,
upravljanje zdravstvenim informacionim sistemima, efikasnost.
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