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Abstract: Health information systems represent a kind of information-technology platform for
the electronic business of health organizations. By using health information systems, health
organizations more effectively allocate their medical resources. By transferring real-time
health information and diagnosing the condition of patients using virtual medical communities
and mobile wireless body area networks, it comes all stakeholders networking of the healthcare
organizations in charge of monitoring the health status of patients. All this leads to the creation
of special kind of healthcare organizations electronic business, which is electronic healthcare.
In order to reduce the costs of allocating medical resources, logistical costs and improving the
provision of virtual medical services, each healthcare organization should choose an optimal
health information system that matches its size, business mode and needs. Consequently, using
the method of analytical hierarchical processes, through Bubble Chart Pro multi-criteria
decision making software, health information systems in this paper will be ranked according to
their most significant performance related to electronic health.
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1. INTRODUCTION

he task of selecting an optimal information system has become, in modern conditions,

very complex for several reasons. First of all, it is difficult to adequately assess which

information system is optimal since there are many different information systems on the
market. Furthermore, there may be a problem of mismatch between the existing hardware and
the desired software solution. Also, the lack of technical knowledge and experience of decision-
makers can present a problem. Another problem faced by decision-makers in modern
conditions, when it comes to selecting an information system, is the rapid advancement of
information technology.

The field of evaluation and selection of the information system has become the subject of many
researchers' interests, since the process of selecting an adequate information system, that meets
the specific needs of the institutions, is a complicated and time-consuming task, given the need
to meet several criteria. Also, the choice will be different depending on the angle of view of the
decision-makers, since not all interested users have the same goals (doctors are primarily
interested in selecting a user-friendly system, nurses are interested in systems that allow easy
entry and manipulation of data, economists want that the installed system will quickly recover
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the return of invested funds, while information experts are interested in the software tools of
the system for supporting the electronic business of health organizations).

Choosing the wrong information system can not only represent an unjustified expense, but also
negatively affect the business processes and functioning of the institution itself. Therefore, the
main goal of this paper is to present one of the ways to evaluate health information systems
using multi-criteria decision-making methods. Multi-criteria decision-making is the solution to
the problem of choosing one of the more offered alternatives that are evaluated using multiple
criteria’s. Evaluation and selection of the information system can be considered as a problem
of multi-criteria decision making, so multi-criteria methods can be used to solve them.

2. METHODOLOGY

Many methods for solving multi-criteria decision-making require clearly defined and expressed
weight coefficients. Weight coefficients represent the importance of each attribute, that is, the
contribution of each of the attributes to achieving the final goal. Therefore, assessment and
assignment of weight coefficients plays a key role in the process of multi-criteria decision
making and varies from decision-maker to decision-maker.

Weight coefficients should be consistent with the purpose of the analysis. Also, the weight
coefficients themselves are useful information for those who are valorizing the solution of a
specific problem solved by the methods of multi-criteria decision making, since they
quantitatively show the preferences of the decision-maker.

Namely, the AHP method is used for multi-criteria analysis and making "correct" decisions in
situations where it is necessary to decompose the problem into hierarchical sub-problems, and
then analyze them independently of each other. [4] By determining the value and relative
significance, based on the fundamental and primarily rational structured mathematical model,
the potential alternatives are assigned the relative ability to solve the given problem, i.e. the
desired goal of decision-making. Thus, the AHP method can usually be implemented: [6]
» Selection - selecting one alternative from a given set of alternatives based on the
proposed criteria;
* Ranking - hierarchical setting of alternatives in relation to some reference and
potentially expected alternative;
* Prioritization - defining the relative value of all parts of individual alternatives versus
their ranking as a whole.

Weight coefficients should be consistent with the purpose of the analysis. Also, the weight
coefficients themselves are useful information for those who are valorizing the solution of a
specific problem solved by the methods of multi-criteria decision making, since they
quantitatively show the preferences of the decision-maker. After searching the relevant
literature and based on the knowledge and experience in this field, during the research, a set of
criteria was selected, with the note that the subjectivity of the author is a limiting circumstance.
During the survey, according to AHP (Analytical Hierarchical Process-Analytical Hierarchy
Processes) and the software based on it Bubble Chart Pro, the following criteria for choosing
the optimal electronic health software were used: [3]

* C1 - market share of e-health software (in%);

* C2 - total number of software users;

* C3 - total number of patients who can be processed;

* C4 - monthly maintenance fee (in Euros);
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* C5 - the size of a health organization measured by the number of employees;

» C6- adoption rate: the rate of adoption of a software solution for e-health in a health
organization (in%) - the weighted average of average grades (1-9) of the basic characteristics
of software solutions for electronic health divided by the number of them and multiplied by the
number 100.

» C7- Combined score: ranking software based on the total user rating for the following features
(1-9): user-friendly, interface, satisfaction, comprehensibility, information exchange.*

Bearing in mind the fact that the subject of the evaluation of the health information system
through a review of literature related to information systems, the application of the AHP method
can be found in numerous works. The method of analytical hierarchical processes (AHP) was
developed by Saaty in the early seventies of the last century. AHP is a tool in decision analysis,
designed to help decision-makers in solving complex problems involving a large number of
decision-makers as well as a number of criteria.

The AHP method rests on a well-defined mathematical structure that allows the determination
of own vectors on the basis of which the exact or relatively accurate weight coefficients are
generated. The method of analytical hierarchical processes compares the criteria, or alternatives
taking into account the criteria, by couples. In addition, a checked numerical scale is used that
represents individual preferences taking into account quantitative and qualitative attributes. In
this way, individual preferences are transformed into a scale of relationships.

The essence of the method is to structure a complex decision-making problem that can contain
multiple criteria, multiple alternatives, as well as a greater number of decision-makers at several
hierarchical levels, determining the weight coefficients of the criteria and alternatives by levels,
and thus forming the final order of the alternative. The modeling process requires four phases:

* Creating a hierarchical structure, that is, determining alternatives, criteria, and sub-

criterion,

+ Data collection using even comparisons to create a decision matrix,

» Estimating relative weights,

* Make a final decision.

The first phase involves explaining the problem of decision making. The problem is viewed as
a hierarchy where the goal of the observed problem is at the top, while at lower levels there are
criteria and possibly sub-criterion, depending on the complexity. At the lowest hierarchical
levels, there are a number of alternatives that need to be evaluated.

The second phase of the AHP method involves data collection and comparison of pairs of
hierarchical structure, both at a given level of hierarchy, and in relation to the criterion of a
directly higher level. The essence of the pairing is to determine the preferences that the decision
maker expresses to help Saaty's scale of relationship with 9 departments - Table 1.

32 The value of this criterion was obtained on the basis of the conducted survey in the health centers of Ni§ and
Leskovac, the Ministry of Health of the Republic of Serbia, while the values of this criterion for other health
information systems were downloaded from http://www.capterra.com/electronic-medical-records-software/
#infographic, accessed 12.06.2017.
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Table 1: Saaty’s scale

Scales Degrees of preference

1 Equally

3 Moderately

5 Strongly

7 Very strongly

9 Extremely

2.4,6,8 Intermediate values bet‘ween which represent compromise
between previous values of importance

After completing this process, an appropriate matrix of comparisons is obtained which starts
the third phase of the AHP method. The third phase of the AHP method consists in estimating
relative weights. The comparison of pairs from the second phase results in a reciprocal n x n
matrix A, where the elements are on the main diagonal, and the elements are calculated as the
reciprocal values of the elements, that is, 1, j =1, 2, ..., n. As a result of this comparison, in the
fourth phase, at the level of the criterion, the relative significance of each criterion can be
determined, expressed through a weight coefficient. On the other hand, at the level of
alternatives it is possible to determine the ranking of alternatives for each of the observed
criteria, both partially and collectively.

2.1 BUBBLE CHART PRO: MULTICRITERIA DECISION- MAKING SOFTWARE

Bubble Chart Pro combines the power of colorful bubble charts with powerful business
analytics so that it can prioritizes, optimizes, and visualizes project portfolio data. This multi-
criteria decision-making software was designed to help managers make faster and better
decisions in doing business. Bubble Chart Pro let managers quickly compare the relationships
between business / project in critical business parameters such as cost, profit, and risk based on
Analytic hierarchy process method. Thus, by visualizing project or business portfolios using
Bubble Chart Pro™, managers can find clusters of relatively attractive projects in one area of
the graph, such as areas of high value, low cost, and/or low risk, and compare them with
relatively less attractive projects in a different area of the graph, such as an area of low value,
high cost, and/or high risk. [2]

Bubble Chart Pro also includes a SMART project prioritization system for ranking projects and
an easy-to-use optimizer for selecting best set of projects against multiple constraints such as
limited capital, resources, time, and risk. The SMART (Simple Multi-Attribute Ranking
Technique) project prioritization system that was developed to prioritize projects in a way that
integrates all your key project data into a single value score so that it is understandable, robust,
and rigorously defensible.

3. DISCUSSION AND RESULTS

In this paper, the AHP method will be used to determine the weight coefficients. In this case,
the ideal solution is the point at which the utility for the decision maker is greatest, that is, the
point in which the income attributes have the highest value, while the exponential attributes
have the lowest value at the same time. Analytic hierarchy process (AHP) serves to solve
complex problems such as choosing an optimal electronic health software alternative. [5]
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Considering the conflicting nature of the goals that economic decision makers face, it is
necessary to compare the alternatives in order to choose the optimal one. The AHP method is
based on determining the relative importance of the selected criteria, or allocating relative
weights using matrices. By using the Bubble Chart Pro software, it is possible to evaluate
attribute and hierarchical representation of alternatives based on their mutual relationship.
Using the relevant data (Table 2), the criteria are prioritized using the Saaty scale.

Table 2: Values of criterions for each electronic health software solution

Criterions

Software for health
information systems Ci C:2 Cs C4 Cs | Ce C;

eClinicalWorks 10,3 % 850.000 | 115.000 | 250 50 | 3% 2,5

McKesson 3,1% 200.000 40.000 100 50 | 3% 2,6
CureMD 1,9 % 232.623 47.186 295 30 | 4% 4

Practice Fusion 6,5 % 112.000 30.000 1 30 8% | 3,83

All Scripts 8,2 % 180.000 10.000 1 20 | 6% | 2,83

Heliant Health 0,001% 20.000 5.160 150 66 | 3% | 7,26

By entering the decision matrix data, the corresponding model, as well as the relative weight of
each criterion, is defined for individual software solutions for electronic health (Table 3), after
their mutual comparison according to given criteria.

Table 3: Weight coefficients for all analyzed electronic health softwares in this paper

according to AHP
Weighted coefficients for each criterion for software
Software for health information solutions

systems Ci C2 Cs Cs Cs Ce Cr
eClinical Works 1,00 | 1,00 | 1,00 | 0,68 | 1,00 | 0,39 | 0,28
McKesson 0,13 | 0,25 | 0,28 | 0,67 | 1,00 | 0,39 | 0,35
CureMD 0,07 | 0,33 | 0,36 | 1,00 | 0,39 | 0,46 | 0,78
Practice Fusion 0,29 | 0,09 | 0,13 0,27 | 0,39 1,00 1,00
All Scripts 0,48 | 0,16 | 0,06 | 0,28 | 0,26 | 0,99 | 0,95
Heliant Health 0,51 | 0,48 | 0,07 | 0,65 | 0,88 | 0,50 | 0,69

For each of the criteria given in Table 3, Bubble Chart Pro calculated their relative weight and
prioritized them. Based on the budget, it is seen that the combined rate (C7) criterion has the
highest priority in selecting an optimal software alternative, with a value of 0.411. It is
important to emphasize that for analytical hierarchical processes, the validity of the model is
assessed on the basis of an index of inconsistency, the value of which should not exceed 0.1.
Based on Fig. 1, it can be seen that the value of the index of inconsistency for the observed
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model is 0.1, which indicates the correct choice of criteria and their mutual relationship
according to Saaty's scale with respect to the law of transitivity (a> b and b> ¢ then and a> ¢).*

Figure 1: Bubble Chart Pro calculated weights for electronic health software alternatives

@ Bubble Chart Pro - [Portfolio; Health information systems] = %

@2 File Edit Porfoliolist Portfolios BubbleCharts Windows Help
Data Bubble Charts Bar Charts

- &2

90sube » il e 2 T [
@ Chort Pro PLUS & '&} | (L;‘.J ¢ E l"’i 1K

0 New | [Open| i | ANl | [Subse| i | Sot | [Quey| P |Calu| |[Ewpi| i [Delete

Sel. No. Name Pic \«'aLe *A (2,100) *B (3,800) *C (7,500) *D (20,500) *E (3,400) *F (21,600) *G (41,100)

Sel. |No. |Hame Pic | value Score|Market share Total numbe| Total number | Monthly maintenance price| Health organization nurmber of employees| Adaptability rate (%) Combined score (9 is best)|

g |cureMp = 856, 232,623]

¥ 5 |McKesson 20.27| 31% 200,000 40,000 €100 50/ 3%, 26

¥ 4 echicioris © wss 103% @000 115000 €250 50 £ 25,

v 3 |AScrots [ 3167 8.2% 180,000 10,000 [ 2 8% 283

+ 2 |Practice Fusion 48,05 65% 112,000 30,000 53 K 8% 383

¥ 1 |Helant Heatth . 58.20| 0% 20,000/ 5,160 €150 66! 3% 7.26

No. & |Sum | 187.3j 30% 1,5‘94,623: 247,346 €797 246, 27%)| 23.02
[Medan . 4] 48m 10000 35000 €1 40 4% EEH]
|Mean | 3Lz S% 265771 41,224 £120.83 41 5% 384
Standard Devistion 188 397% 296025 39,703 €123.42 17| 2%| 179
Maximum 58.3| 10.3%| 850,000 115,000 €295 66 8%, 7.26
Minimum 8.6/ 0% 20,000 5,160 gl 20 3% 25

In order to choose the optimal alternative of electronic health software solutions Bubble Chart
Pro has created bubble graphs in three dimensions, which show us the actual relationship of
above mentioned group of analyzed softwares. Namely, on the Figure 2 we could see
relationships of those softwares using criteria’s such as market share and combined score, which
are analyzed in context of Overall Value Score (OVS) as third dimension. In this view of
mentioned bubble chart, chart area is bounded by the highest and lowest electronic health
software criteria values and divided in four quadrants. This allows us to identify the most
attractive and the least attractive areas. In this chart, as the most attractive area for market share
criteria is the fourth quadrant, where eClinicalWorks has the best value (green bubble), but the
most attractive area for the combined score criteria is the second quadrant (upper left), where
Heliant Health has the best position on this chart (violet bubble).

Figure 2: Relationships of electronic health softwares using criteria’s such as market share
and combined score
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33 According to consistency index formula: CI= (Amax-n)/(n-1), where Amax represents the average value of
weighted coefficients sum of criterions divided by their number
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On the Figure 3, as the most attractive area for market share criteria is the second (upper left)
quadrant, where eClinicalWorks has the best value (green bubble), but the most attractive and
optimal area for the adaptability rate criteria is the border between first and fourth (right down)
quadrant, where Practice Fusion has the best position on this chart (yellow bubble).

Figure 3: Relationships of electronic health softwares using criteria’s such as market share
and adaptability rate

&P Bubble Chart Pro - [Market share vs Adaptability rate vs OVS] = W]
@2 File Edit PortfolioList Portfolios BubbleCharts Windows Help

Market share vs Adaptability rate vs OVS Bubble Legend
2.1 — __All Scripts
. CureMD
=1 QeClsmcaiWorks

Heliant Health
McKesson

EY
\J Practice Fusion
J ;

monsirafion Version  Demonstration Version  Demonstration Version  Demonstration Version  Demenstration Version  Demonstration ersion

11

Market share (%), geiqhted

334
Overall Value Score

Bubble Area is proportional to Adaptability rate (%)

Dynamic attributes contribution, as a result of dynamic sensitivity analysis in Bubble Chart Pro,
represents the percent of contribution for each criteria in the dynamic criteria structure of
electronic health softwares. This graph (Figure 4) give decision makers more detailed structure
of ranked softwares and more sensitivity, for choosing the optimal software alternative and
therefore its implementation into the health organization information system:
— McKesson alternative has the significant percent contribution for the monthly
maintenance price, and it is not the best and cost- effective solution.
— All Scripts has the well balanced contribution of criteria’s such as adaptability rate and
maintenance monthly price.
— CureMD alternative has the most significant contribution in combined score.
— eClinicalWorks has the most significant percentage contribution in total number of
patient processing and stakeholders, and also has the best market share.
— Healiant Health has the best combined score contribution in the dynamic software
structure, but very high price of maintenance.
— Practice Fusion has the best relationship between combined score and adaptability rate.
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Figure 4: Dynamic percentage contribution of each criterion in optimal electronic health
software structure
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4. CONCLUSION

Health information systems and electronic health care as an integral part represent a major
important information and technology opportunity for the health sector, which is facilitated by
the rationalization of the costs of providing health services and improving the efficiency and
quality of the complete healthcare system. Internet-based e-submission of healthcare
organizations faces numerous challenges when spending optimization costs and raising the
level of interoperability of healthcare organizations by using software solutions for health
information systems. The evolution of health information systems is becoming a modernization
of the provision of health services in real time, with shortening of time interventions and
reducing the risk of negative outcomes.

Health information systems enable equal allocation of medical resources to the targeted priority
population of patients, while striving for the rational exploitation capacity of health
organizations. This refers primarily to the function of monitoring the flow of patients from the
country of the health information system in order to avoid unnecessary endangering the capacity
of the hospital users.

Because of those reasons, multi-criteria decision-making softwares play the significant role
helping health organizations managers and medical stuff to make the optimal decision,
especially in choosing the right electronic health software alternative. As we can see in analysis,
the optimal electronic health softwares are those which have low price of maintenance, user-
friendly interface, great scalability and low redundancy rate of medical data, which means the
great combination of adaptability and combined score such as Practise Fusion software.
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