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ABSTRACT: Software evaluation and selection have begun to be addressed as a topic title along
with the fact that microcomputers and then personal computers have become widespread and
have been used in the operations of businesses. In this study, it was focused on the selection of software
for identifying the physical effect distances of the explosion, fire and toxic emission, which is an important
need for industrial institutions containing, using or storing hazardous chemicals. The evaluation and
selection of software for the Hazard Analysis and Consequence Modeling (HACM) of potential
accidents was studied at first. In means of methodology, questionnaires consisting of original
questions were applied to the experts. The results obtained from questionnaires according
to the Likert scale, were converted into Analytical Hierarchy Process (AHP) suggestion matrices.
In this way the inconsistency problem in the pairwise comparison matrices were eliminated. As a resullt,
evaluation and selection were made among the HACM softwares.

KEYWORDS Analytichierarchy process; Group decisionmaking; Hazard analysis and consequence
modelling software; Likertscale; Software selection.

INTRODUCTION

In today’s business world, computer software is a business. Therefore, the process of evaluating and
an indispensable component of decision making and selecting the software used is an important activity. This
application phases in that it constitutes one of the inputs of process includes many criteria such as what is needed,
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the complexity of the need, hardware and software
infrastructure to be used, user, etc. It is important to follow
new technologies and trends (Industry 4.0, 10T, Big Data,
BI, Smart App., etc.) and to take the related hardware and
software infrastructure decisions in terms of making
serious investments for the active use of software and the
sustainability of the use. Thus, software selection appears
to be an important decision making process. A large
number of studies carried out on this subject in the
literature indicate this importance.

“Software evaluation and selection” have begun
to be addressed as a topic title along with the fact that
microcomputers and then personal computers have become
widespread and have been used in the operations
of businesses. It was observed that software selection
has been involved in the studies since the beginning
of the 1980s. With the study presented as a report, Zoll (1980)
indicated that there was a need for a disciplined approach
in the light of criteria for the first time by stating that
the software selection process was arbitrarily discussed at
that time but this process should be performed in the light of
certain criteria when engineering software came into
question. In his study, the price, software entries,
calculation aid, maintenance and update support, output
options, user interaction criteria were stated to be
important [1]. Five years after this study, Dicaselli (1985)
also explained that it was important that the process of
software selection was a disciplined process if the software
in question was related to production such as product
design, prediction, workshop management, inventory
control [2]. It was observed that the number of studies
on the selection of software has increased during the years
following these pioneers. Until the beginning of the 90s,
the studies conducted on this subject have been applied
in various sectors from software used in emergency services [3]
to software used in the education field [4] and, of course,
software in the production field [5, 6]. These studies were
based on the subjective evaluation of the selection process
in terms of the compliance with the criteria in the form
of checklists. Together with the study of [7], the problem
of the software selection began to be regarded as a multi
criteria decision making problem. As much as the fact that
the software evaluation and selection problem accepted as
a complicated task had a multi criteria structure,
specialization of decision makers constituted an important
pillar of the problem [8]. Thus, together with the basic, the
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basic parameters of the software selection problem were
determined. There were (i) the determination
of the criteria based on the administrator, user and
technique, (ii) taking advantage of expert’s opinions in the
light of these criteria, (iii) implementing a disciplined
decision making process. In the first review conducted in
relation to software selection [9], these problems were
evaluated bilaterally as stated above. The first one was
criteria to be used for software evaluation and selection (i),
another one was selection strategies (ii + iii). In this review
stating the requirement to approach this process as a
project, the most frequently encountered general criteria
were indicated as cost, lifetime, producer, vendor,
technical support, maintenance, technical properties, ease
of use, interface, and integration.

It was observed in the studies conducted in the last
20 years that two trends were considered in the software
selection problems. The first one was focusing on specific
software selections, the second one was the increase in the
use of data models and quantitative techniques
in the decision making process. Upon evaluating the studies
conducted, we can see that software selections were made
in a quite wide spectrum. Software selection
and evaluation were discussed in the fields of health [3, 10]
and education [4, 11 — 14], together with concentrating
especially on the field of production. Upon examining the
literature in terms of evaluated and selected software types,
it was observed that there were the evaluation and selection
of Enterprise Resource Planning (ERP) software aiming
to use various resources of the enterprises producing
goods/services in a productive and integrated way [15 - 34].
It was observed that simulation software used in the
analysis and evaluation of production and service systems
was the second most frequently used software type [35 —43].
The selection of Computer Aided Design and Computer
Aided Manufacturing (CAD/CAM) software used in the
development and production of computer based new
product designs [6, 44 - 49], the selection of project
management software [50, 51], and the selection of
Customer Relations Management (CRM) software [52]
were the other software types used in the production sector
and worked on. The studies on the evaluation and selection
of building information modeling software used
in the construction sector [53 - 57], GIS software used
for decision making processes based on the geographical
field for various purposes [58, 59], softwares used
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in the logistics sector [60 61], COTS, various commercial
package software [62 - 66] indicate that this problem
was addressed in other sectors and application fields.
When the review articles related to the subject were
examined [67- 69], the compilation of these studies according
to the types of the software discussed indicated the
effectiveness of this trend.

Upon considering in terms of the second one of the
trends mentioned above (the use of quantitative
techniques), Le Blanc and Jelassi (1994) used the linear
weighted attribute (LWA) and multi attribute utility theory
(MAUT) models in the ranking of the software alternative
to each other in the selection problem and compared the
results of these two methods [70]. Another pioneering
study was conducted by [60]. The author, who made
an application on logistics software, determined
the advantages in the use of data models instead of
the conventional decision making process in which large scale
functional checklists were used. The author, who used the
Reference Data Model, indicated with the results obtained
that quantitative techniques were promising when
compared to the conventional method. Together with
the use of quantitative techniques, Multi Criteria Decision
Making (MCDM) techniques became basic decision
making processes used in the software selection problem.
The first study using these techniques was the study of [71]
in which the Analytical Hierarchy Process (AHP) was used
for the selection problem of multimedia authorizing
systems. 6 experts in software were used within the scope
of the study and the results which could be completely
understood, interpreted and evaluated objectively by
decision makers were obtained with AHP. The authors
developed their previous studies and stated with
an experimental study that AHP was more convenient
to establish a consensus in a group decision making process
by comparing the Delphi technique [72]. In the later years,
studies conducted by using the MCDM techniques
have continued increasingly. One of which brought a solution
for a company producing sheet metal parts by handling
the CAD/CAM system selection problem with the AHP
method [44], while another suggested a methodology
expected to help producers and designers working on this
subject by implementing the AHP technique on the
selection of solid models software [73]. Data warehouse
system selection for SMEs in Taiwan has been conducted
by [74]. The authors stated in their studies that the software
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selection problem specific to the data warehouse system
was a time consuming and costly task and used the AHP
method by considering technical and administrative
criteria which they identified to help decision making.
Another study focused on the ERP software selection
required in the specialization of the companies doing
business in Venezuela with the same method [16]. In the
following years, studies on various software selection and
evaluation problem by using the AHP method alone
or as a hybrid were conducted [40, 46 - 48, 58, 75, 76].
Recently, the studies of ETL software selection by [77]
and selecting ERP software by [33] using the fuzzy AHP
and fuzzy Technique for Order Preference by Similarity
to Ideal Solution (TOPSIS) can be indicated as an example
of the studies conducted with AHP. The frequency of the
use in the literature indicated the validity of the AHP
method both for researchers, decision makers and users.
Other quantitative techniques implemented on this
problem in the literature are the Analytical Neural
Network (ANN) [12, 17, 23, 78], TOPSIS [30, 34,5557, 76, 77],
Quality Function Deployment (QFD) [20, 25, 28, 49],
Mathematical Programming [15, 20, 21, 79], and Data
Envelopment Analysis (DEA) [15]. Moreover, another
point we want to mention is that studies on the selection
and evaluation of the appropriate software by using
the questionnaires [14, 80] from experts/users in social
sciences are encountered as well as in physical sciences.
In this study, the evaluation and selection of the hazard
analysis and consequence modeling (HACM) software of
potential industrial accidents were discussed, which
have not been studied within the scope of the given literature
research. Recently, the evaluation of the effects of
potential industrial accidents with HACM software
has become a requirement with the regulations of the state.
The determination of the physical effect distances of explosion,
fire and toxic emission caused by an industrial accident is
very important. Because these data are so useful in order
to take precaution especially emergency plan preparation
and to make quantitative risk management. There have
been studies conducted with the HACM software affecting
technical/financial and strategic decisions on the use.
The study of [81] in which evaluated the effects of the chlorine
tanker accident, the studies on the development of
an integrated emergency intervention model for toxic gas
emission by [82], the identification of the death area
at a distance of 100 min 60 seconds for 10000 tons
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of methanol by using the related software by [83] and
the determination of the threat zone by considering
atmospheric conditions and topography in the gas pipeline
by [84] were remarkable in terms of demonstrating
the usage of the HACM software. While evaluating
the HACM software, in the light of the basic parameters
mentioned above, first the basic and sub criteria were
identified (i) by using the experience of experts in this
subject and common criteria in the literature. According to
these criteria, the opinions of more than one decision
maker/expert were obtained (ii). In the framework of the
criteria determined, the opinions obtained from different
experts were integrated under the concept of group
decision making. Finally, the evaluation and selection
process was performed by using the AHP method (iii).
The questionnaire was prepared according to the basic and sub
criteria determined to gather the required data in the study.
The questionnaire was applied to experts in the use
of the HACM software and they were asked to evaluate it
according to the Likert type scale. The data processed from
the questionnaire were converted into suggestion matrices
according to the method in [85]. The suggested method
presents the structure a decision support system because
of containing data sets, analytical model, application
interfaces, user and reporting system.

In the next section, information about the HACM
software alternatives were discussed and the methodology
of the study was described. In the third section, an AHP
application was performed with the data obtained from the
experts by questionnaires. The all obtained results
were discussed in the fourth section.

METHODOLOGY

With the improvement of decision theory, it has been
important to make decisions according to scientific
approach. Decision making is a tough process especially
the issue on hand is complicated and the significance
of the outcome has major consequences to the stakeholders.
This process has generally five steps: identification
of a situation that requires a decision; identification and
development of alternatives; evaluation of the alternatives
due to specified criteria; choice of one of the alternatives,
and implementation of the selection.

The information related to the alternatives in question
was primarily given for the selection problem of
the appropriate HACM software the importance of which
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was stated in the previous section. Here, the alternatives
in question were named by being coded due to commercial
rights. Then, the data acquisition from different experts
and the operations of the processing and integration
of these data were described under certain criteria and
the information about the method used for evaluation
and selection was provided.

Overview of HACM software alternatives

There are four available software packages commonly
and effectively used in the determination of the physical
effect distances of the explosion, fire and toxic emission
occurring as a result of an industrial accident. These are
the software described as Al, A2, A3, and A4. Only Al
of these software packages is presented to the user free
of charge.

Al: The entry of detailed information about actual or
potential accidents is provided and hazard areas for
different hazards are determined in the software. Toxic gas
cloud, flammable gas cloud, BLEVE, jet fires, pool fires
and vapor cloud explosions can be modeled. The grid
image of the two dimensional threat zone obtained as
a model output can be transmitted on MARPLOT, Esri’s
ArcMap, Google Earth and Google Maps. The software
has its own library related to the chemicals, however,
it is used in pure substances and a limited number of mixture
modeling. Modeling is conducted at a single point.

A2: The software estimates thermal radiation exposure
and temperature rise BLEVE, jet fires, in limited and
unlimited pool fires. Vapor cloud explosion is modeled
with  Baker-Strehlow-Tang, TNO multiple energy,
TNT/HSE equivalent. In the display of the results,
a 3-dimensional analyst that can be transmitted to the
programs such as Google Earth is used. It has its own
library related to the chemicals and can be used for
mixtures. Modeling is performed at a single point.

A3: The software provides calculating and estimating
the current physical effects of all kinds of accident
scenarios with toxic or flammable chemicals. It includes
more than fifty models on leakage, vaporization, fire,
explosion, emission, and damage. It provides three
dimensional images and has the transmission on maps and
satellite images. It provides GIS drawings, Google Earth
applications, and ESRI shape files with contours, special
reports and graphic outputs on the map. It has a chemical
database containing the thermodynamic characteristics of

Research Article



Iran. J. Chem. Chem. Eng.

more than 2200 toxic and flammable substances. It allows
for the entry of the user’s own chemical. It can be implemented
for mixtures. Modeling can be performed at more than
one points.

A4: 1t is a software tool with the industrial standard
for the process hazard analysis. It is used to understand
the estimates and visualize the incoming effects upon the loss
of integrity scenarios. It analyzes the current situations of
potential hazards for life, property and the environment
and evaluates their severity. It provides modeling for long
and short pipeline applications, leakages, fatal tank
ruptures, relief valve and disk ruptures, tank roof collapses,
leakages from tank vapor spaces, leakages occurring due
to the loss of integrity in closed and open areas. It conducts
pool emission and vaporization, the analysis of toxic
effects in closed and windy open environments, jet fires,
pool fires, fireball analyses including Roberts (HSE) and
TNO models, explosion models including TNT, TNO
multiple energy and Baker Strehlow. It has a
comprehensive chemical database and is used for mixtures
and pure substances. Modeling can be performed at many
points.

Data collection and pre-processing

According to the criteria identified in the suggested
methodology, domain experts were asked to make
an evaluation for the HACM software provided. Since
the opinions of more than one decision maker were considered,
the study conducted can be examined under the title
of “group decision making”. The survey method was used
to collect data from the experts. The software was
evaluated by the experts with the questionnaire prepared
upon the criteria and sub criteria identified for software
selection. In the questionnaire, grading was performed
according to the 1-5 interval based on the Likert type
Scale. The “Likert Scale” provided the ease of
understanding and evaluation and an advantage with
its common use.

The Likert scale introduced by [86] which was
commonly known as the 5-point Likert scale. Likert
developed the scale in 1932 as a part of his Ph.D. thesis as
a way to identify a primarily solution of a technical
problem which aroused in relation to the quantitative
aspects of the study of social attitudes.

A Likert scale provides a range of responses to a given
question or statement, for example: - How easy do you use
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Interface of Software? 1 = Very weak, 2 = Weak, 3 = Moderate,
4 = Strong, 5 = Very strong. In this example the categories
need to be discrete and to exhaust the range of possible
responses which respondents may wish to give. It indicates
an important feature of an attitude scaling instrument,
namely the assumption of unidimensionality in the
scale; the scale should be measuring only one thing
at a time [87, 88].

Likert scale and AHP using together need to compute
the relative importance of the variables belonging to
the same level, and relative to each of the associated variables.
For each pair of attributes, the Expert answers question
like “How much more important” in which one attribute
is presented with respect to another one, using a Likert scale,
or the natural 1,2,. . .9 point scale. This scale has
a semantic interpretation: 1 = equally important, 3 = weakly
preferred, 5 = preferred, 7 = strongly preferred, 9 = totally
preferred, with even numbers (2, 4, 6, 8) used in the case
of uncertainty between two adjacent linguistic terms [89].

In the literature, the use of even number in AHP is not
often used. Therefore, we decided to use 1-5 Likert scale
instead of using natural point scale. The scale of relative
importance is shown at Table 1.

After having the scores of the alternatives from experts,
relative ratings of the options with respect to the one
another should be calculated. The process of rating and
then getting relative rating from experts is shown in Table 2.

A suggestion matrix which use relative rating as input
has to be developed. The suggestion matrix can be formed
by using transitivity and reciprocity rules as shown
in Table 3 [85, 90 - 92]. Thus, the inconsistency and using
the ranking weightages are eliminated as suggested in [85].
With the obtained suggestion matrix, evaluation phase
could be started.

Evaluation with Analytic Hierarchy Process

With the end of the data collection and preprocessing
process, the next stage of selecting the most appropriate
software began. In this study, the AHP method was used
to evaluate the criteria among themselves and their
alternatives on the basis of criteria.

As being a widely used multi criteria decision making
method, AHP introduced by Saaty for to determine
the relative importance of a set of activities of a problem.
Dealing with the activities of the problem, AHP is
an effective tool for complex decision making and helps

307



Iran. J. Chem. Chem. Eng.

Cetinyokus S. et al.

Vol. 39, No. 3, 2020

Table 1: Likert Scale of Relative Importance.

/ Scale of relative importance \
Qualitative variables Quantitative value
Not at all 1
Very little 2
A little 3
Quite a lot 4
\ A very great deal 5 /
Table 2: Likert Scale Rating for n Number of Alternatives.
/ Alternatives Rating Relative Rating (with respect to immediately previous one) \
1 ¢ p—
2 X2 X2/ X1
3 X3 X3/ Xz
k n X Xn ! Xn /

Table 3: Suggestion Matrix Formation Process for Diagonal Input.

f Alternatives Alt1 Alt 2 Alt 3 Altk Altn \
Alt1 1 1/Axn 1/Ax 1/ Aa 1/An
Alt 2 Az 1 1/As 1/ A 1/ An
Alt3 Agox Ay Az 1 1/ Aq 1/ A
1
Alt k Aox Aoy AzxAzr AaxAuz 1 1/Ax
: 1
K Altn AnxAg AnsxAg AnixPas Angery<Agernye 1 j

decision makers to identify the relative importance of
multiple paired criteria to achieve a stated goal [93].
The AHP process makes it possible to incorporate in both
judgments as intangible qualitative criteria and tangible
quantitative criteria [94].

In the literature, AHP has been widely used in solving
many complicated decision making problems [95 - 99].
AHP hierarchy usually consists of the following levels
[100]:

e  Overall objective of the decision problem - in our
case the Consequence Analysis Software Selection;

e  Criteria- in our study 8 groups of criteria, each of
them divided into sub criteria;

e  Alternatives are usually at the lowest level of
the hierarchy—in our case 4 different alternative software.
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In the first step, the problem is structured as
a hierarchy. AHP initially breaks the problem into
a hierarchy of interrelated decision elements (criteria,
alternatives). A hierarchy has at least three levels: overall
goal of the problem at the top, multiple criteria that define
alternatives in the middle, and alternatives at the bottom [101].
The graphic structure of hierarchy is given in Fig.1.
The second step is the comparison of the alternatives and
the criteria. Once the hierarchy is constructed,
prioritization procedure starts in order to determine
the relative importance of the criteria within each level.
The pairwise judgment starts from the second level and
finishes in the lowest level which corresponds to alternatives.
In each level, the criteria are compared as pairwise
matrices according to their levels of influence and based on
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Fig. 1: Graphic Structure of Hierarchy

the specified criteria in the higher level [101]. Although,
pairwise comparisons are based on a standardized
comparison scale of nine levels in AHP, 1-5 point scale of
relative importance has been used here according to
aforementioned Likert Scale usage. The matrix format
in pairwise comparisons can be described as follows.

Let C={Cj|j=1, 2,---,n} be the set of criteria. The result

of the pairwise comparison on n criteria can be summarized
in (NxnN) evaluation matrix A in which every element

a;;(i,i=12,++,n)

criteria, as shown [102]:

is the quotient of weights of the

a1 8 Ay,
a,, a - a

A= 2 2 an (1)
y Ay vt Ay

1
a.=la.=—, a; #0
a..
ij
At the last step, the mathematical process commences
to normalize and find the relative weights for each matrix.
The relative weights are given by the right eigenvector ()
corresponding to the largest eigenvalue (Amax), as

A, =Dy XO )

If the pairwise comparisons are completely consistent,
the matrix A has rank 1 and Amax = n. In this case, weights
can be obtained by normalizing any of the rows or columns
of A [103].

It should be noted that the quality of the output of
the AHP is strictly related to the consistency of the pairwise
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comparison judgments. The consistency is defined
by the relation between the entries of A: ajj x ajk = aik.
The consistency index (ClI) is

C1= (1) (1-1) @

The final consistency ratio (CR), usage of which let
someone to conclude whether the evaluations are
sufficiently consistent, is calculated as the ratio of the ClI
and the random index (RI), as indicated. In AHP, pairwise
comparisons are based on a standardized comparison scale
of nine levels.

_ct
RI1

CR 4)

The number 0.1 is the accepted upper limit for CR.
If the final consistency ratio exceeds this value,
the evaluation procedure has to be repeated to improve
consistency. The measurement of consistency can be used
to evaluate the consistency of decision makers as well as
the consistency of overall hierarchy [103]. Once again,
by using suggestion matrix and Likert scale given in [85],
the inconsistency was eliminated.

APPLICATION OF
SELECTION

In this section, the application of HACM software
selection was performed with the AHP method of which
methodology had been previously described. It was
previously stated that various software packages were used
to be aware of the effects of the accident before it occurred
to prevent industrial accidents causing a serious loss of life
and property and environmental effects and to prepare
emergency plans for these. It is very important for
institutions in the sector to select the most appropriate
software. Rules and regulations including serious
liabilities force the related institutions (metal industry, fuel
companies, cement industry, SMEs, etc. including public
and autonomous institutions) to use these software
packages. Thus, this problem concerns a wide range
of industrial sectors and the requirement to use these software
packages is continuous. In other words, there is no such
thing as the end of the need for the use of software after
a certain period. The selection process of the appropriate
software for the user among the available software used for
the relevant purpose is a strategic decision. These
decisions to be made are under the authority of the senior

HACM SOFTWARE
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Fig. 2: The Decision Hierarchy of HACM Software Selection.

management of a high budget and generally public
or private sector. This HACM software selection problem
with high uncertainty has been indicated as an analytical
solution method in which the opinions of experts are used
and the user is supported and its application has been
performed. The application can also provide service
as Group DSS when its compounds are considered.

Criteria and sub criteria

The structure of the application consisted of 8 main
criteria, 34 sub criteria and 4 alternatives. The criteria
to be considered in the selection of software were determined
by the literature review. Structured decision hierarchy with
alternative and criteria is provided in Fig. 2. Also detailed
criteria and sub criteria are provided in Fig. 3.

There exist three levels in the decision hierarchy
structured for the problem. The overall goal of the decision
process determined as “HACM Software selection”
at the first level of the hierarchy. The criteria are on the second
level and alternative software are on the third level
of the hierarchy. Considering such a structure like Fig. 2 and
Fig. 3, it was possible to face with challenges and negative
impact on application of the questionnaire. In order to
minimize such bothers in the problem, especially designed
Likert Scale questionnaire was conducted.

310

Evaluation of alternatives and criteria with part of
proposed method

At this stage of the decision procedure,
the questionnaire results received from experts
have been investigated and combined for the evaluation
process. As being widely used, geometric mean method
was used in the combining process. The pairwise
comparison matrices used in the selection process were
formed according to the details given in Sect. 2.2. All the
criteria and sub criteria calculations has been done for all
alternatives. In order to obtain more objective and
comprehensive results in the evaluation phase, sub criteria
were evaluated under each main criteria. Because of having
numerous sub criteria and the structure of the AHP method,
sub criteria cannot be used directly for the solution process.
In this sense, consistency of each sub criteria depending on
each main criterion was also calculated. Likert scale rating
for alternatives is shown in Table 4.

After getting the relative rating of alternatives (Table 4),
we had to place these rating in to the comparison
matrix with using rule of reciprocity and transitivity.
Obtained alternatives consensus pairwise comparison
matrix under Likert scale is shown in Table 5. Similar
calculations were made for the other seven criteria
among alternatives.
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Fig. 3: Sub criteria for Software Evaluation.
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Table 4: Likert Scale Rating of Alternatives.

/ 3 Rating Relative Rating (with respect to immediately previous one) \
Al 1698 e
A2 4.704 2.770
A3 4.081 0.867
\_ A4 3.732 0.915 )
Table 5: Pairwise Comparison Matrix of Alternatives according to Security Criteria.
f Al A2 A3 Ad Weight CI,RI, CR \
Al 1.000 0.361 0.416 0.455 0.119 Amax = 4
A2 2.770 1.000 1.153 1.261 0.331 Cl=00
A3 2.403 0.867 1.000 1.903 0.287 RI=0.9
\_ A4 2.198 0.793 0.915 1.000 0.263 CR=0.0 Y,
Table 6: Matrix of Criteria with respect to Alternatives.
/ Security Technigal Usage Vendqr User Support Developer Customize Financi_al \
Properties Properties Properties Support Properties
Al 0.119 0.184 0.222 0.187 0.187 0.183 0.143 0.214
A2 0.331 0.311 0.309 0.307 0.295 0.303 0.331 0.253
A3 0.287 0.257 0.231 0.268 0.288 0.262 0.267 0.267
\A4 0.263 0.248 0.237 0.239 0.230 0.253 0.259 0.267 j

After getting for all of the criteria (like Table 5) a new
matrix was formed to use for finding the rank of
alternatives with respect to each criteria (Table 6). Same
procedure like Table 6, was made for the criteria which
is shown in Table 7. The weights of the criteria to be used
in evaluation process were calculated by using AHP method.

In addition, Super Decisions software was used every
stage to control of results obtained from our calculations
of AHP. In Fig. 4, it was showed the input of pairwise
comparison matrix of criteria via the software as
an example. With the calculations done in Table 7, the results
obtained from the computations based on the pairwise
comparison matrix provided in Table 8.

The C4, C7 and C5 were determined as the three most
important criteria in the selection process. Consistency
ratio of the pairwise comparison matrix was calculated as
0.0 <0.1. So the weights were shown to be consistent and
suitable for using in the selection process. After getting
the weights of criteria, multiplying them with the alternatives
weight the results of AHP are summarized in Table 9.
Based on weight values, the ranking of the alternatives
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in descending order are A2, A3, A4 and Al. Proposed
model results indicate that A2 is the best alternative with
value of 0.305.

CONCLUSIONS

In this study, it was aimed to select the most suitable
HACM software wusing commonly in industrial
establishments. The expert opinions were used in the
selection process of determining criteria and a larger
criteria set was obtained when compared to the ones
in the literature. The opinions of more than one expert
were acquired by means of the questionnaires.
The questionnaires were conducted and evaluated by using
the Likert type scale. The Likert type scale values obtained
from the questionnaires were converted into the AHP
suggestion matrices and evaluated. The most appropriate
software ranking was proposed on the basis of the criteria
determined according to the results obtained. Accordingly,
the values of A1=0.1798, A2=0.3051, A3=0.2676 and
A4=0.2474 were taken from the alternatives. Therefore,
the ranking was performed as A2, A3, A4 and Al.
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Table 7: Pairwise Comparison Matrix of Criteria.

f Security Techni(;al Usage; Vendqr User Developer Customize Financi_al

Properties Properties Properties Support Support Properties
Security (C1) 1.000 1.968 0.866 0.310 0.500 0.537 0.485 0.783
Technical Properties (C2) 0.508 1.000 0.440 0.158 0.254 0.273 0.247 0.398
Usage Properties (C3) 1.155 2.272 1.000 0.358 0.577 0.620 0.561 0.904
Vendor Properties (C4) 3.224 6.344 2.792 1.000 1.612 1.732 1.565 2.523
User Support (C5) 2.000 3.936 1.732 0.620 1.000 1.075 0.971 1.565
Developer Support (C6) 1.861 3.663 1.612 0.577 0.931 1.000 0.904 1.456
Customize (C7) 2.060 4.054 1.784 0.639 1.030 1.107 1.000 1.612

Qinancial Properties (C8) 1.278 2515 1.107 0.396 0.639 0.687 0.620 1.000 j

K

Comparisons wit "HACM SOFTWARE SELECTION" node in "2 CRITERIA" cluster
VENDOR PROPERTIES is 1.6119 times more important than USER SUPPORT

\

\_

finconsistency]| DEVELOPER ~ |FINANCIAL ~ |SECURITY ~ | TECHNICAL ~ [ DSASE USER SUPPO-~
cusToMizaB-| (4= [1.1066 | €= [1.6118 | €= [2.0597 | €= |4.0536 [€= [1.7638 | €= |1.0298
'DEVELOPER - € |14564 4= |18612 |4~ |36628 |[4¢= [16118[ 4 |10745
FINANCIAL ~ & |12778|4= [25148 €= [1.1066| f |1 5650
SECURITY ~ 4 196794 [1.1547 |4 2

TECHNICAL ~ A4 227244 39350
W A 17320

)

Fig. 4: Pairwise Comparison Matrix of Criteria from Super Decisions Software.

The suggested structure was studied under the title of
multi criteria group decision making and decision support
was provided to users/administrators at the stage of decision
making. Information technology deeply affecting our life
in every aspect and its environment continuously develop and
change. Solution methods, specialization areas and expert
groups are updated depending on this change and new
evaluation applications are required in the long term.

With the correct selection and use of the appropriate
HACM software, the effectiveness, continuity and
reliability of institutions will increase. Software selection
is a long term and strategic decision. The investment
will be made in relation to the hardware infrastructure,

Research Article

database management infrastructure, the adaptability to
innovative technologies scale and technical staff for data
acquisition and preparation in the appropriate way for
the software and application modules. The development
of the model by making the updates in question in the
future studies and the creation of a framework for the field
in which the problem is being studied are the points
on which we are focusing for the future. This is one
of the contributions of the study.
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Table 8: Criteria Weights Obtained with AHP.

Cetinyokus S. et al.

/" criteria Weight CLRLCR O\
c1 0.076
Amax = 8
c2 0.039
c3 0.088
Cl=00
C4 0.246
cs5 0.153
RI=14
Ccé 0.142
c7 0.157
CR=00
k cs 0.068 /

Table 9: Weights and Rank of Alternatives.

(" Alternatives Weight Rank )
Al 0.180 4
A2 0.305 1
A3 0.268 2
\_ A4 0.247 3 )
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