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Abstract  In recent years, there are many developments and differences in software products which are used for 
simulation applications in many fields such as education. These developments in simulat ion software make it difficult for 
users to choose the most appropriate simulation package for their interest. Because of only the softwares which meet the 
system requirements will succeed, choosing simulation software package becomes an important issue and has vital 
importance. Hence to make this choice, applying Analytical Hierarchy Process (AHP) which is a multi-criteria decision 
making method and used for systematical decisions is very  convenient and makes the decision process faster. In  this study, 
the most important criteria determined by experts and academicians were discussed and compared to choose the most 
appropriate simulation software program for education area.   
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1. Introduction 
Simulation is a method that has a wide application area 

used for modelling and analysis. Simulation models are 
used in such areas as manufacturing, health and military. 
Increase in the usage of simulation models results in a 
requirement for simulation software programs. Thanks to 
the achievements in technology and computer software 
engineering, lots of software packages with different 
features have been developed. There are approximately 
60-70 simulat ion models with different features available. 
Some of them are ARENA, Simulink, GPSS etc. These 
softwares differ from each other as per some aspects such as 
their prices, the technical support provided and capacity of 
carrying out statistical analyses. Naturally, choosing and 
using of appropriate package program that meets the needs 
of systemic requirements at an optimum level and demands 
of users have great importance. However, many package 
programs with different features make the decision process 
more difficult fo r the users. 

Development in simulation packages contributes these 
package programs to have lots of features and capacity for 
meet ing the criteria. Very developed programs have lots of 
features but are o ffered for sale with huge prices. On  
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theother hand, budget friendly programs could not meet 
variousrequirements. Determining right criteria is crucial 
inchoosing the most appropriate software package program 
for the relevant application area. These criteria d iffer from 
person to person or firm to firm. Criteria are determined by 
consulting to opinions of experts and program dealers. 

Several publications related to the users’ surveys are 
found in simulation literature[3],[4],[6],[7],[8]. 
Determination of necessary criteria for choosing the 
simulation software package requires developing of a multi 
criteria decision model. Such models are developed as 
hierarchical structures. Generally, a target situation 
specifying main aim is chosen and sub-targets (criteria) are 
determined in relat ion to relevant target situation and 
significance levels are attributed for these criteria. The 
person that performs the analysis is liable to pay attention to 
the integrity of sub-criteria and concordance of them with 
main target and creating the model with an appropriate 
structure. Lots of methods have been developed with an aim 
to create a mult i criteria decision model. The most 
frequently used method is AHP[5]. Th is method has been 
used for this study.  

2. Materials and Methods 
Analytic Hierarchy Process – AHP is a multi-criteria 

decision making technique developed by Thomas L. 
Saaty[1],[10]. There is a wide applicat ion area of AHP 
approach. Some application samples could be categorized as 
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choosing the database, finance, macroeconomic estimat ion, 
product design, choosing the portfolio, d istribution of 
resources (budget, energy and health), political strategy, 
transportation, education, choosing of the area of facility and 
technology transfer. The most important difference of AHP 
when compared to other decision making approaches is its 
capacity of taking individual judgments of decision maker 
into consideration. 

A hierarchy is primarily  built that describes the problem in  
AHP model. The aim is placed on the top. Criteria appear on 
the sub-levels of this aim. A lternatives are p laced on the 
lowest level. Priorities are determined for the aim v ia 
realizing paired comparison of criteria at all levels. If a 
decision is to be made about alternatives, paired comparisons 
are realized between them. Significances are retrieved and 
assessed for alternatives. 

Paired comparison process is realized as comparison of 
the ones at a lower level in relation to the criteria at an upper 
level. The matrix below is obtained as a result of paired 
comparisons:[9] 
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where n  = number of criteria to  be assessed, iC  = criterion i 

and ija  = importance of criterion i accord ing to criterion j 

and ijji aa 1= , 1=iia in paired comparison matrix[2]. If 

criterion iC  is ija times important as per criterion jC , 

Criterion jC  becomes ija1 times important as per iC . 
Choices are stated as per the scale 1-9 as exp lained in Tab le 
1[1]. Intermediate values not situated in the table could be 
used in creating comparison matrix. Alternatives are taken as 
independent ones while stating choices. 

Table 1.  Paired Comparison Criteria for AHP 

Verbal Judgments Numeral 
Judgments 

Absolutely preferred 9 
Strongly preferred 7 

Preferred 5 
Somewhat preferred 3 

Equally preferred (Indifferent 
Approach) 1 

Importance or priority level of each criterion or each 
alternative is estimated with regard to comparison matrix. 
Mistakes or inconsistencies could be encountered as a result 
of the fact that comparisons are determined on a subjective 
basis despite these comparisons is based on objective basis in 
the process of computation. Inconsistency Ratio-IR as a 
standard for this case is used and the ratio should not be 

higher than 0.1. 
It is very difficult to decide upon a simulation software 

package as in the case for the best software and 
hardware.However, studies should be realized with an aim to 
benefit from the appliance at an optimum level through 
intensive efforts after choosing the product. Information 
could be gained as some other products are better than the 
related one. On  the other hand, preventing the occurrence of 
an insecure atmosphere between the software to be chosen 
and the users is an important point to be taken into 
consideration. Therefore, it  is important to support this kind 
of subjective decision with AHP model.  

3. Results and Discussion 
The problem is defined in this study as determin ing the 

criteria to be taken into consideration by simulat ion program 
users working in the field of education. Application includes 
determining priorities of main  criteria via AHP application 
with the contribution of hierarchical model. Therefore, 13 
experts working in the academic field have been requested to 
make paired comparisons of some criteria chosen through 
benefiting from articles of researchers who have lots of 
studies in this field and opin ions of experts. These experts 
have also been requested to fill an information form for the 
related objective. AHP technique has been applied to 
retrieved data via using Expert  Choice program and their 
analyses have been made. 

Six main criteria have been chosen from various articles 
written on simulation software package and after receiving 
the opinions of some experts. These are the criteria of 
visuality, programming, reporting, program provider, 
modelling and price.  

Visuality comprises of all visual themes that will be 
provided by the software. Animation, icon editor and display 
image have been determined as sub-criteria. It is stated that 
whether it is possible to provide animat ion of simulation 
trials and whether it is possible to provide easiness such as 
using icons with icon ed itor or manipulating with hand. 
Model animation and image of the graphics on screen are 
implied with the expression of display image. Whether the 
user sees the model as a whole when the size of the image of 
the model surpasses the sizes of the screen constitutes the 
content of this feature. 

Programming comprises of writ ing codes, deriving codes 
and sub- criteria for directing to other programming 
languages. Writing codes is not only a process enabling the 
realization of functions on menus but also additional 
functions with the process of code writing. Code derivation 
is described as providing developable program code for 
simulation model and this feature is strongly required for 
modelling of complex systems. The feature of directing to 
other programming languages is described as allowing to 
make simulat ion modelling via another programming 
language such as FORTRAN by writ ing codes. If the 
software program does not have the feature of code 
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derivation or code writing or using any other programming 
language is easier for the user, this feature becomes very 
practical.  

Main criterion of report ing has five sub-criteria. The term 
of standard reports criterion is used to exp lain the process of 
producing of standard reports such as queue length and 
wait ing time and presentation of them in the form of 
statistical graphics such as graphical reports and the 
presentation of outputs as histograms and bar diagrams. 
Sub-criterion of d irect ing outputs expresses the capacity of 
software to send the results to a hardcopy appliance such as 
file, printer or p lotter. Ability of statistical analysis is the 
term including all statistical results such as the average, 
variance, confidence intervals and statistical dispersions to 
be provided by the software and is of vital importance. For 
instance, goodness of fit test is applied to observe how far 
simulation results are from the real system and this gives an 
important idea for the users about reliability. Criterion of 
data exchange between other softwares expresses the 
capacity to send data to various software systems such as plot 
programs, statistical programs and Word; it also exp lains the 
capacity to take back data from these softwares. This 
criterion facilitates the process for users when particularly 
complex systems are wished to be modelled.  

 
Figure 1.  Hierarchical Model for Simulation Software Selection 

Program provider main criterion includes three 
sub-criteria. Reliab ility indicates how much the trustfulness 
of software and program dealer is important for the users and 
background of program provider points out the extend of 
prevalent usage of the software. Documentation, providing a 
comprehensive user’s manual, including an additional main 
training of simulation and statistics fall in the scope of this 

feature. Technical support expresses consultancy services 
provided by the dealer, the capacity for enabling free 
telephone calls and a current and explanatory website. 
Another main  criterion, modelling, expresses convenience 
and ease provided by allowing usage of some appliances 
such as mouse via menus and directions of software in 
creating simulation model and development of this model. 

Finally, p rice criterion is an important feature for users 
about their choosing the most appropriate software program 
according to their economic conditions because of the fact 
that softwares have various prices and some of them are 
available with huge prices to be purchased. Hierarchical 
structure of the model including these criteria is shown on 
Figure 1. Given criteria are coded as in Table 2 with the aim 
of a more convenient presentation. 

Table 2.  Codes of Criteria 

Criterion Code 
Visuality A 

Programming B 
Reporting C 

Program provider D 
Modelling E 

Price F 
Animation A1 

Icon editor A2 

Display image A3 

Code Writing B1 

Code derivation B2 

Directing to other programming languages B3 

Standard reports C1 

Graphical reports C2 

Directing outputs C3 

Ability of statistical analysis C4 

Data exchange with other softwares C5 

Reliability D1 

Documentation D2 

Technical support D3 

Paired comparison matrixes are shown on Table 3 for 
main criteria with a consistency number below 0.10 and 
retrieved from the opinion of expert represented with number 
1 as a result of AHP model builded for 13 t imes after 13 
surveys. 

Table 3.  Paired Comparison Matrix for Main Criteria 

 A B C D E F 
A 1 1/9 1/7 1/3 1/7 1/3 
B 9 1 4 7 1 3 
C 7 1/4 1 5 1/3 2 
D 3 1/7 1/5 1 1/7 1/3 
E 7 1 3 7 1 3 
F 3 1/3 1/2 3 1/3 1 

Consistency: 0,04 
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According to Table 3, Programming (B) has been attached 
1/9 importance across visuality (A) and 9 importance has 
been attached to visuality across programming (reciprocity 
law). Th is means that programming criterion is absolutely 
important with a degree of 9 as per visuality. Similarly, 
reporting (C) has been graded as 1/7 across visuality (A) and 
visuality has been graded as 7 across reporting. This fact 
indicates that reporting is strongly important as per visuality. 
Also, proportion of consistency being lower than 0.04-0.10 
shows that the analysis presents consistency results. 

Paired  comparison matrixes for sub-criteria are also 
created as in the case for main criteria. Paired comparison 
matrixes for sub-criterion of visuality, the matrixes for sub 
criterion of programming, the ones for the criterion of 
reporting and the matrixes for the criterion of program 
provider are shown on Table 4, Table 5, Table 6 and Table 7, 
respectively. 

Table 4.  Paired comparison table for visuality sub-criterion 

 1A  2A  3A  

1A  1 2 5 

2A   1 3 

3A    1 

Consistency: 0,004 

Table 5.  Paired comparison table for programming sub-criterion 

 1B  2B  3B  

1B  1 3 4 

2B   1 2 

3B    1 

Consistency:0,02 
When all surveys have been assessed, the ones with an 

average of consistency below 0.10 have been chosen for 

analysis and others have been eliminated. Table 8 shows 
priorities and proportion of consistency as per 6 main criteria 
of 13 people that have carried out the survey. 

Table 6.  Paired comparison table for reporting sub-criterion 

 1C  2C  3C  4C  5C  

1C  1 2 3 1/7 1/5 

2C   1 3 1/6 1/5 

3C    1 1/8 1/4 

4C     1 5 

5C      1 

Consistency: 0,10 

Table 7.  Paired comparison table for program provider sub-criterion 

 1D  2D  3D  

1D  1 4 3 

2D   1 1/3 

3D    1 

Consistency: 0,07 

It is quite beneficial to  receive support by taking the 
average of priority values gained into consideration while 
deciding upon a simulation software. In that case, as seen 
from the Table 8, criteria of programming (B), reporting (C) 
and modelling (E) have approximately  equal priorities 
(respectively 27%, 23% and 24%). Criteria of visuality (A) 
and price (F) have importance levels below 10%. Moreover, 
reliability  of program provider and support to be provided (D) 
take the 4th position with an average importance level of 
13%. Since in AHP there is no cut-off value for priorities, the 
final choice is based on the highest importance level and it is, 
in our study, 27% [8]. 

  



70 Suay Ereeş et al.:  An Application of Analytical Hierarchy Process for Simulation Software Selection in Education Are  
 

 

Table 8.  Importance levels and consistency proportions for main criteria 

 Visuality 
(A) 

Programming 
(B) 

Reporting 
(C) 

Provider 
(D) 

Modelling 
(E) 

Price 
(F) Consistency 

1 0,029 0,350 0,158 0,047 0,315 0,101 < 0,10 
2 0,021 0,299 0,409 0,046 0,093 0,132 < 0,10 
3 0,061 0,130 0,131 0,439 0,208 0,032 < 0,10 
4 0,141 0,207 0,340 0,076 0,184 0,051 < 0,10 
5 0,055 0,368 0,115 0,020 0,375 0,066 < 0,10 

Total 0,307 1,354 1,153 0,628 1,175 0,382  
Average 0,061 0,271 0,231 0,126 0,235 0,076  

6 0,115 0,086 0,213 0,033 0,430 0,122 > 0,10 
7 0,015 0,509 0,070 0,125 0,241 0,041 > 0,10 
8 0,044 0,309 0,149 0,044 0,408 0,045 > 0,10 
9 0,178 0,133 0,172 0,372 0,113 0,032 > 0,10 

10 0,058 0,123 0,307 0,113 0,312 0,086 > 0,10 
11 0,068 0,248 0,377 0,103 0,120 0,084 > 0,10 
12 0,011 0,174 0,160 0,102 0,413 0,139 > 0,10 
13 0,147 0,112 0,166 0,083 0,369 0,123 > 0,10 

Total General 0,943 3,048 2,767 1,603 3,581 1,054  
Total Average 0,073 0,235 0,213 0,123 0,276 0,081  

 

4. Conclusions 
Variety of package programs in which  simulat ion 

applications could be realized in relation to the increase in 
the usage of simulation method and great importance of 
choosing the appropriate one among them are mentioned in 
this study. Education has been chosen as application field 
and main criteria that should be included in the most 
appropriate simulation package program have been decided 
via AHP technique.  

Main features that should be included in simulat ion 
software packages to be purchased with the aim o f education 
have been determined as the ability of programming, 
reporting and modelling on the basis of data gained in this 
study and AHP technique applied in the program of Expert 
Choice. It is understood from these results that the capacity 
of software for writ ing programs (codes), doing statistical 
analyses, producing results in standard reports and graphics 
and providing flexib ility of modelling in such a way that it 
enables the development of simulation model are the reasons 
for their preference by the users. 

Visuality and price criteria are the ones to which users do 
not attach importance and take into account while purchasing 
simulation software package. Nevertheless, reliability of 
program provider and the support to be provided are 
generally the last ones as per importance levels. This fact 
could be explained as this criterion is only important fo r the 
beginner users of softwares. 
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