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Abstract 
The process of software development involves many stages through which a 
software system is developed. In software development one of the most important 
parts of this life cycle process is software testing. The software systems need to be 
tested to ensure they are performing without any defects and bugs. There are large 
number of testing tools available for testing so now selecting the best testing tools 
is a complex task. This research aims to develop a framework for selection of 
software testing tools. The proposed framework GEOMM has two parts: (1) the 
first part is the criteria selection part of testing tools represented in the form of 
GEOMM taxonomy (2) the second part is the GEOMM selection methodology. 
GEOMM is based on geometric calculation for weightage criteria and minimum 
maximum technique is used for distance calculation. The GEOMM framework 
has been validated to ensure that the testing tool ranking is more reliable with 
high accuracy. This framework is providing accurate results and performance 
increase of 21% with a satisfactory response in decision making for software 
testing tools selection. 
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I. Introduction: 
Software testing can be defined as a process to 
execute software system to identify the bugs, 
errors, and defects to avoid unexpected software 
systems behavior [1]. It ensures that the system 
meets the specified requirements when it is 
available to the end user. Therefore, software 
testing plays a very important and crucial part in 
the Software Development Life Cycle (SDLC) [2] 
because it helps to validate and verify software 
product functionalities. In SDLC the occurrence 
of errors are unavoidable [3]. There can be 
different modules within a software or a software 
can also be developed as a common one module. 
So, if a software is developed as a single module, 
then that module needs to be tested and if it’s 

developed as different modules then each of them 
needs to be tested. 
Software system is tested to ensure that it is 
providing good performance and achieving the 
functionality for which it is developed. The 
software testing needs to be carried out to ensure 
that software is meeting its performance, quality, 
and reliability in terms of providing the 
functionality. Software testing make sure that the 
modules are achieving their intended functionality 
to avoid future failures [4]. Software testing is 
important for quality assurance [5], early defects 
identification  [6], defect-free software system [7], 
and is more than improving software systems [8]. 
The software testing phase should begin at the 
initial stage [9] when we develop even a single unit 
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of a software system. Software testing must run 
from development to the maintenance of the 
software system. The software testing phase is very 
important in SDLC [10] because this phase 
consumes more time and cost as compared to 
other SDLC phases and is the main activity 
without which we cannot deliver software systems. 
Testing itself may not be a big problem but the 
main problem for testing any software system is 
deciding and choosing which testing tools is 
appropriate [11] and will support our testing 
criteria requirements. The previous framework 
using AHP and TOPSIS [12] provides the 
selection method for selecting software testing 
tools but the decision making for tool ranking 
need improvements and the framework has 
limitations that effect its accuracy and 
effectiveness. So, to overcome those drawbacks 
this research is about developing a software testing 
tools selection framework called the GEOMM 
framework. It will be important research within 
the field of software testing because this 
framework will contribute to the developers for 
selecting best appropriate testing tools with high 
accuracy. The software systems are becoming more 
complex [13] day by day and their functionalities 
are increasing. This framework will provide more 
structured and well-defined approach mechanism 
to select the best testing tools for software systems 
compared to the previous AHP and TOPSIS 
framework [12]. 
The GEOMM framework will reduce the cost for 
the testing process. Instead of randomly and 
repeatedly selecting different testing tools 
sometimes what happen is that the testing tools 
that are available are not free of cost but are paid 
ones [14]. The developers have to pay to use the 
functionality of those software testing tools but 
this framework will allow in advance to choose 
whether the testing tools to be considered are paid 
one or free of cost hence reducing the cost. With 
the GEOMM framework the test coverage of any 
software system will be increased because 
GEOMM framework has improved and well-
defined taxonomy for the software testing tool 
criteria covering wide range of testing criteria that 
are considered when selecting a testing tool. 

This paper remainder is structured in such a way 
that Section 2 discusses related work and the 
research gaps. Section 3 present the GEOMM 
framework for software testing tool selection. 
Section 4 present the performance evaluation of 
GEOMM framework. Finally, Section 5 include 
conclusion. 
 
II. Related Work: 

The choice of appropriate testing tool is very 
essential and selecting them is a very challenging 
task due to the variety they have. There are many 
types of software testing tools [15], [16], [17], [18] 
that are available to test the software systems. To 
conduct a software testing it involves test 
planning, designing the test, implementing the 
test, and importantly its execution. But to execute 
a testing of a software system then there are some 
attributes called the software quality attributes [19] 
that are important for defining software quality 
and for the selection of a software testing tools. 
These quality attribute should be considered to 
avoid their impact on taxonomy creation process. 
Some of the common quality attributes are 
security, maintainability, functionality, reliability, 
usability, portability, and efficiency. The number 
of criteria and quality attributes need to be 
organized in a well manner so that we can easily 
understand what features each testing tool 
support. 
In Medical Image Analysis (MIA), the 
Convolution Neural Network (CNN) 
performance for classification and a federated 
learning strategy for data privacy protection is 
impressive. The CNN algorithm achieves an 
accuracy score of 0.90[20]. The taxonomy research 
results are not generated and the well detail of the 
testing tools is not present. A speed response 
comparison of the FOPID, KW-WOA-PID, SVR-
PI, and FM-PI controller model simulation results 
indicates that the FM-PI speed controller 
guarantees better performance and displays an 
improvement in rising time and settling time, 
compared to other controllers[21]. The tools are 
classified according to the criteria they can support 
or deal with. The taxonomy is created to make 
selection of these testing tools easier but there is 
no selection method to choose testing tools. The 
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framework presented in [22] include a taxonomy 
that present the detail of the risks associated with 
different phase of the testing process. This 
taxonomy framework does not provide detail 
about which testing tools will be better and 
importantly no selection mechanism. 
The previous framework with taxonomy for 
selecting the software testing tools using AHP and 
TOPSIS [12] has drawbacks and limitations. It 
does not handle the extreme values and the 
inconsistencies that occur. This framework for the 
testing tool selection will suffer if the criteria have 
different scales this will raise a big question mark 
on the testing tools recommendation that we get 
whether the recommendation is good enough or 
not. The outliner can affect the pairwise 
comparison matrix and decision making. If there 
are extreme values, it will dominate and results will 
be biased. 
To deal with these challenges present in the 
previous framework [12] a new framework for 
selecting testing tools along with taxonomy called 
the GEOMM framework will be introduced in this 
research. The GEOMM framework has taxonomy 
which will be the improved version of the previous 
taxonomy [12] and different aspects are 
considered. This framework will be more robust to 

handle these issues and different approach will be 
utilized so that the framework can handle 
inconsistencies. The proposed framework will be 
able to handle complex and large numbers of 
criteria easily. The framework will make use of the 
scale approach for criteria so there will be a fair 
comparison when we scale out different criteria. 
With extreme values this framework will not be 
impacted. The GEOMM framework will provide 
more reliable and stable results with high accuracy 
of testing tools selection. 
 
III. Proposed Framework: 
This section will discuss about how GEOMM 
framework for software testing tool selection will 
actually work. As there are many testing tools 
available so to figure out which of the tool is best 
suited for the requirements then this framework 
will help us. This proposed framework has two 
parts shown in figure 1 and these two parts works 
together to achieve the functionality. The first part 
consists of the GEOMM taxonomy for the criteria 
of testing tools that the user can select, and the 
second part is where the GEOMM methodology is 
implemented. The two methods together provide 
the tool selection recommendations and make 
sure that the best suitable tool is recommended. 

 

 
Figure 1. GEOMM framework approach 

 
The proposed GEOMM framework mechanism 
has a proper structured approach. So, the tools 
that are recommended are not only rigid, but 
according to the specific task, and the specific 

need. Similarly, the efficiency of the tool selection 
will be improved because of the more accurate and 
efficient decision-making approach mechanism. 
The GEOMM framework will prioritize different 
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testing tools on the basis of ranking. The 
GEOMM methodology will help us achieve 
improved performance. This framework will be 
helpful for many developers to automate their 
software testing tool selection task and eventually 
reducing the cost. 
 
A) GEOMM Taxonomy: 
The first and important part of this framework for 
selecting software testing tools is the well-defined 
taxonomy. GEOMM framework for software 
testing tool selection is going to use a taxonomy of 
testing tool criteria [12] that is further refined. The 
GEOMM taxonomy is actually the categorization 
or classification of the different criteria in such a 
way that it become more easier for the developers 
to choose their testing criteria. GEOMM 
taxonomy is refined and well organized in such a 
way that it overcome the issues related to 
classification because if such issues are present in 

the taxonomy they can affect our decision making. 
The GEOMM taxonomy is designed in more 
detail so that it covers the different criteria aspects 
which are important and to make sure that neither 
the criteria are overlapped nor they are misplaced. 
GEOMM taxonomy has three different scenarios 
that are to be reviewed to narrow down what 
actual criteria the developers are looking for the 
testing tools. Among these three scenarios the first 
scenario is the feasibility, the second scenario is 
examination, and the last scenario we have is the 
attribute scenario shown in figure 2. These are 
three different scenarios on the basis of which 
GEOMM framework taxonomy is organized. The 
feasibility scenario deals with tools functional, 
technical, and economical aspects. Examination 
scenario focuses on different testing aspects for the 
software system. Attribute scenario deals with 
quality standards attributes of an industry for 
testing the software system. 

 
Figure 2. Three scenarios of GEOMM taxonomy 
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In GEOMM taxonomy there are three different 
taxonomy levels from level 1 to level 3 shown in 
table 1. Each of these levels is being further refined 
to make selection of the testing tools criteria 
easier. The taxonomy level 1 contains the three 
scenarios, taxonomy level 2 contains criteria 
factors that each of the three scenarios can support 

and the taxonomy level 3 contains selection 
criteria supported by taxonomy level 2 criteria 
factors. One should read the taxonomy from level 
1 to level 3 to refine their criteria. So, the criteria 
selection must be done from the taxonomy level 3 
which is the most refine level with more criteria 
clarity. 

 
Table 1. GEOMM framework taxonomy. 

Taxonomy Level 1 Taxonomy Level 2 Taxonomy Level 3 
Feasibility Scenario OS of 

software 
OS Android 

IOS 
Windows 

Linux/Unix 
IOT Cloud testing 

Edge testing 
Fog testing 

Tool provider Microsoft 
Parasoft 

IBM 
Neotys 
Katalon 

Micro Focus 
Acquisition of tools Proprietary 

Open source 

Technology of software Embedded system 
Web application 

Mobile application 
Object Oriented 

Database 
Open source 
Web service 

GUI 
Network protocol (TCP) 

Coding language HTML 
PHP 
JAVA 
SQL 

Python 
C, C++, C# 

Examination Scenario Testing tool purpose Test management 
Test design/ model-based testing 

Test data generator 
Test harness/test execution/ comparators 

Static analysis 
Debugging 
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Configuration/ Change management 
Dynamic analysis/ performance testing/ 

monitoring 
Test evaluation/ coverage tools 

Security testing 
Type of testing Static testing 

Dynamic testing 
Testing approach Object oriented 

Service oriented architecture 
Aspect oriented 

V-Model 
Agile 

Test driven 
Testing methodology Black box 

White box 
Gray box 

Testing type Unit testing 
Integration testing 

System testing 
Acceptance testing 

Testing for modification Regression testing 
Conformance testing 

Testing aspect Functional 
Non-Functional 

Attribute Scenario ISO 9126 Maintainability 
Functionality 

Portability 
IEEE 1061 Reliability 

Efficiency 
Usability 

 
B) GEOMM Methodology: 
The GEOMM methodology for testing tools 
selection is a combination of two improved Multi 
Criteria Decision Making (MCDM) methods. One 
of which is Analytic Hierarchy Process (AHP) and 
another one is Technique for Order Preference by 
Similarity to Ideal Solution (TOPSIS). The 
improved version of AHP with geometric mean is 
called GEO and the improved version of TOPSIS 
with minimum maximum normalization is called 
MM together the methodology is named 
GEOMM. The AHP and TOPSIS [23], [24] are 
one of the best and one of the popular methods 
through which we can carry out Multi Criteria 
Decision Making (MCDM). 

The GEO can work with more complex scenarios 
and more complex hierarchies and with it the 
decisions are more highly subjective and more 
accurate. The MM can do more robust and more 
complex decision makings. So, to do more 
powerful decision making as compared to the 
standard AHP [25] and TOPSIS [26], [27] 
technique then these improved versions will be 
used. So, to get consistency in decision-making 
this methodology will do that. GEOMM 
methodology is designed in such a way that it will 
not only improve the accuracy but also the 
robustness in the decision making especially when 
the criteria have any specific characteristics and 
challenges. 
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1. GEO Technique: 
The GEO technique is more flexible and less 
sensitive to the inconsistencies that are available in 
the judgment of decision making. It can provide 
better performance instead of relying on the 
normal or standard AHP methods in which 
inconsistencies are encountered. This method will 
be less sensitive to the extreme values and the large 
inconsistencies. We can easily handle the 

inconsistencies in pairwise comparison matrix 
because of this approach. This approach will 
reduce the influence of outliers or extreme 
comparisons so that our results are more stable 
and the judgment is more accurate. This 
technique will also be effective if subjective bias is 
there to balance the judgment. The step-by-step 
process of GEO technique is shown in figure 3: 

 
Figure 3. GEO technique process flow 

 
First the problem is defined to identify goals, their 
criteria and their alternatives to be evaluated. 
Then structure is created for decision-making 
process so at the top is the goal for which we will 
work and then some criteria for this goal and sub-
criteria and then alternatives. Next, pairwise 
comparison matrix is constructed for the criteria 
the values are assigned to each criterion. These 
values are not assigned randomly but assigned on 
the basis of the relative importance of each 
criterion with another criteria. These values 
actually tell which criteria is of more importance 
compared to other. The higher the number will 
tell which criterion has greater importance to us. 
The comparison matrix 𝑨𝒊𝒋 shows the comparison 
between the criteria 𝒊 and 𝒋. Once the pairwise 
comparison matrix is constructed then the 
geometric mean is calculated for each row of the 

pairwise comparison matrix. The geometric mean 
for a row 𝐺𝑀𝑖 is calculated as: 

𝑮𝑴𝒊 = (∏ 𝑨𝒊𝒋
𝒏
𝒋=𝟏 )

𝟏/𝒏
 

Where 𝒊 represent criteria and 𝑨𝒊𝒋 means 
comparison value in 𝒊 rows and 𝒋 column and 𝒏 
means the number of criteria we have. In fourth 
step geometric mean is normalized that is 
calculated for each row of the pairwise comparison 
matrix and to normalize it divide the calculated 
geometric mean of each row by total of geometric 
means of all in order to get each criteria relative 
weight. If 𝑖 is the normalized weight for each of the 
criteria then: 

𝑾𝒊 = 
𝑮𝑴𝒊 

∑ 𝑮𝑴𝒊 𝒏
𝒊=𝟏

 

The GEO technique will reduce the 
inconsistencies that affect the decision making but 
we will still calculate Consistency Ratio (CR) to 
make sure our decision making is more consistent 
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and reliable. The CR is considered acceptable for 
reliable decision making if CR < 0.1 so the 
formula to measure the CR is as follow: 

𝑪𝑹 = 
𝑪𝑰

𝑹𝑰
 

Where: 
𝑪𝑹 Represent consistency ratio, 

𝑪𝑰 Is consistency index: 𝑪𝑰 = 
𝝀𝒎𝒂𝒙−𝒏

𝒏−𝟏
 

𝝀𝒎𝒂𝒙 Is the comparison matrix maximum 
eigenvalue and 𝑹𝑰 Is random index depending on 
the size of the matrix and is pre-calculated. If CR 
value exceeds by more than 0.1, then it means that 
our consistency ratio is not acceptable and our 
pairwise matrix is also not stable, so it needs to be 
revised before moving to the next step. Finally, the 

criteria are ranked and each of them have their 
own weight from high to the low. 
2. MM Technique: 
The MM technique will enhance this framework 
performance together with GEO technique. 
Instead of different scaling values it will provide 
values of a common scale. This approach is more 
useful when the values of the different criteria are 
not consistent. So, MM technique will deal more 
better with scaling issues in our criteria data and 
will do better decision making. This technique will 
ensure that the values of such criteria will not 
dominate. With MM technique comparing 
alternatives becomes even more easier than 
standard TOPSIS technique. The step-by-step 
process of MM technique is shown in figure 4: 

 

 
Figure 4. MM technique process flow 

 
The first step in this approach is to construct a 
decision matrix this is the matrix in which each 
row is actually representing an alternative and each 
column is representing a criterion. This matrix is 
basically representing us how each alternative 
performs accordingly to the criteria. In the second 
step the decision matrix is normalized that is 
constructed based on the alternatives along with 
criterion through min-max normalization: 

𝑿𝒊𝒋
′  = 

𝑿𝒊𝒋− 𝑿𝒋𝒎𝒊𝒏

𝑿𝒋𝒎𝒂𝒙− 𝑿𝒋𝒎𝒊𝒏
 

Where: 
𝑿𝒊𝒋 Represent the matrix element showing 
performance of 𝒊 alternative on 𝒋 criteria, 
𝑿𝒊𝒋

′  Is the normalized value and 𝑿𝒋𝒎𝒊𝒏 represent 
minimum and 𝑿𝒋𝒎𝒂𝒙 represent maximum value. 
In the third step weight of the normalized decision 
matrix is calculated so for that we have to multiply 
our normalized values corresponding to their 
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weights according to the criteria. So, the weighted 
normalized value is presented by 𝑽𝒊𝒋 and 𝒘𝒋 
represent the weight of criteria 𝑗: 

𝑽𝒊𝒋 =  𝑿𝒊𝒋
′  ×  𝒘𝒋 

The ideal positive or negative ideal solution is 
determined. The positive ideal solution is the best 

possible option and the negative ideal solution is 
the worst possible option: 

𝑽𝒋
+ = 𝐦𝐚𝐱(𝑽𝒊𝒋), 𝑽𝒋

− = 𝐦𝐢𝐧(𝑽𝒊𝒋) 
Next the distance to the positive ideal and negative 
ideal solution is calculated. For this Euclidean 
distance is calculated from each alternate option 
to ideal positive and negative solution: 

𝑫𝒊
+ =  √∑𝒋=𝟏

𝒎  (𝑽𝒊𝒋
+ −  𝑽𝒋

+)𝟐  , 𝑫𝒊
− =  √∑𝒋=𝟏

𝒎  (𝑽𝒊𝒋
− −  𝑽𝒋

−)𝟐  

In the sixth step we calculate the relative closeness of an ideal solution where 𝑪𝒊 represent the relative 
closeness: 

𝑪𝒊 =  
𝑫𝒊

−

𝑫𝒊
+ +  𝑫𝒊

− 

The alternatives are ranked based on relative 
closeness so the alternative with the highest 
closeness value is considered the best choice that 
we can have. 
 
IV. Demonstrative Example 

Implementation for GEOMM Methodology: 
This section will actually represent a 
demonstrative implementation of GEOMM 
methodology about how this technique will be 
implemented within this framework. First user 
will determine which criteria they are choosing 
from the proposed GEOMM taxonomy. From 
these criteria construction of a pairwise 
comparison matrix is done to determine how 
much importance each criterion has compared to 

the other criteria. Then weightage for each 
criterion is calculated using GEO technique. 
Once the weight of the criteria is calculated then 
MM technique is implemented in which the 
decision matrix is constructed. MM technique will 
take two inputs for ranking the best alternatives. 
The first input will be the weight calculated 
through GEO technique and the second input is 
the decision matrix that is present in the form of a 
database of alternatives. Then MM technique will 
evaluate the alternatives using these two inputs 
and determines which one is the best solution for 
the decision making. So, the criteria that are 
chosen for this example implementation is shown 
in table 2. 

 
Table 2. Showing the criteria we have chosen for the example implementation 

No. Criteria 
1 Efficiency 
2 Web Application 
3 PHP 
4 Static Testing 
5 Open Source 
6 Agile 
7 White Box 
8 Windows 

 
The table 3 shows the pairwise comparison matrix 
of different chosen criteria for this example which 
provide us with information about which criterion 

has what relative importance to which criterion. 
The higher the number, the higher its relative 
importance. 
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Table 3. Showing the pairwise comparison matrix of chosen criteria 
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Efficiency 1 3 4 4 2 3 1 3 
Web App. 1/3 1 3 3 1 5 3 3 

PHP 1/2 1/3 1 3 1/3 1 1 3 
Static Testing 1/5 1/3 1/3 1 1/3 1 3 1 
Open Source 1/4 1 3 3 1 4 2 1 

Agile 1/4 1/3 1 1 1/3 1 2 1 
White Box 1/2 1/3 1 1/3 1/2 1/2 1 1 
Windows 1/3 2 1/3 2 1/2 1/4 1 1 

 
When the GEO technique is applied, we get the 
following weightage for the chosen criteria 
depicted in figure 5. It can be seen that the 
Efficiency criteria have the highest weightage value 

of 0.25 and White Box criteria has the lowest 
weightage value of 0.06. The criteria are ranked 
from high to low weightage. 

 

 
Figure 5. Criteria weightage 

 
Next the decision matrix is constructed for the 
alternatives which act as the database for the 
alternatives selection shown in table 4. Each row 
representing the alternative and each column is 

representing the criteria that are chosen for this 
example implementation. Total 6 tools are used in 
this example implementation and for each tool the 
values are assigned for the different criteria. 
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Table 4. Decision matrix for alternatives 
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Selenium 0.60 0.60 0.55 0.10 0.60 0.25 0.25 0.50 
Coverity 0.45 0.20 0.35 0.60 0.00 0.35 0.55 0.50 
Zephyr 0.45 0.25 0.15 0.10 0.00 0.30 0.25 0.50 
Janova 0.45 0.55 0.30 0.10 0.00 0.30 0.20 0.50 
Testrail 0.50 0.30 0.15 0.10 0.00 0.35 0.25 0.50 
Appium 0.60 0.40 0.40 0.10 0.60 0.35 0.35 0.50 

 
Next the relative closeness of these six tools is 
calculated to see which tool is performing best and 
which tool is performing worst according to the 
criterion we have chosen in this example. So 
finally, the alternatives are ranked from best to 
worst performance and shown in figure 6. It can 
be seen that the Selenium testing tool is ranked as 
the best alternative option according to the criteria 

that we have chosen with closeness coefficient of 
0.76. Whereas Zephyr is performing worst and is 
ranked as the worst possible alternative for the 
chosen criteria with closeness coefficient of 0.11. 
So, for this example implementation Selenium is 
the best possible solution we have and Zephyr is 
the worst possible solution. 

 

 
Figure 6. Alternatives ranking from best to worst 

 
V. Framework Implementation and 

Evaluation: 
This section discusses the validation, 
implementation and evaluation of the proposed 
GEOMM framework to check out how this 
framework will perform and if the framework is 

performing better, then how much performance 
improvement it provides. 
A) Validation: 
The GEOMM framework taxonomy which is 
proposed has been validated first by different 
academics in the field of software engineering. The 
GEOMM framework is also validated by different 
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testers of a software systems who use different 
software tools to test their systems. We have 
involved them in this research to see whether this 
framework meets their performance requirements 
or not. We have received a very good response in 
this validation because many developers select 
those testing tools which this framework also make 
recommendation to them based on the criteria. 
 
B) Implementation: 
The GEOMM framework is implemented to 
check out whether this framework is performing 
better than the prior framework of software testing 
tool selection [12]. The GEOMM methodology 
will be implemented for testing tools selection. If 
GEOMM framework performs better it will be 
delivered as a web application. So that it will reach 
to software developers, developer community, and 
the industry market through which the framework 
will be enhanced further. The prior AHP and 
TOPSIS framework implementation criteria [12] is 
used for the evaluation of this framework. The 
same implementation requirements will be 
considered to make a fair comparison between the 
performance. 
In that implementation 12 testing tools are 
considered along with their criteria they support 
[12]. These testing tools are popular tool in the 
software testing industry and most commonly 

these testing tools are used to test any software 
system. In order to widely evaluate GEOMM 
framework number of criteria are considered for 
each of these tools. 
 
C) Framework Performance Evaluation: 
This section discusses how GEOMM framework is 
performing for the software testing tools selection. 
The performance evaluation is an important factor 
to ensure that GEOMM framework along with 
taxonomy is providing good performance. So, to 
check this out different graphs and visualizations 
for GEOMM framework performance evaluation 
are depicted below. 
In figure 7 we have a bar chart that shows the 
alternatives closeness comparison side by side both 
for the prior framework [12] and GEOMM 
framework. The closeness comparison of prior 
framework is represented with blue color and for 
GEOMM framework is represented with red 
color. On the x-axis the tools are displayed and on 
the y-axis closeness to ideal solution is displayed 
and for each tool two bars represent the two 
frameworks. It can be clearly seen from the figure 
7 that our proposed framework called GEOMM 
framework has better closeness to the ideal 
solution providing better decision making for 
alternatives. 

 

 
Figure 7. Shows alternatives closeness comparison 
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In order to represent the performance 
improvement that GEOMM framework is 
providing over prior framework the line graph for 
performance comparison is shown in figure 8. 
This figure shows that how GEOMM framework 
is performing better over prior framework 
compared to each alternative decision making. We 
can clearly see that GEOMM framework has better 

performance in term of decision making for the 
alternatives compared to the prior framework. The 
blue line flow is representing the decision-making 
performance of prior framework and the red line 
flow is representing the decision-making 
performance of GEOMM framework which is 
better than prior framework. 

 

 
Figure 8. Shows performance improvement of GEOMM framework 

 
To measure the performance achievement of 
GEOMM framework the speedup plot is shown in 
figure 9 for this purpose. The speedup plot shows 
how GEOMM framework has achieved its 
performance over prior framework. For each 
alternative the performance achieved by GEOMM 
framework is depicted in this figure where Quick 
Test Professional has gained best speedup for this 
framework compared to prior framework with 

TestPad as the second-best option. So, for each of 
the alternative from Selenium to Appium the 
speedup performance is presented. The x-axis 
represents the alternatives and y-axis show how 
much speedup the GEOMM framework each 
alternative has achieved over prior framework. 
The single green line shows the speedup value 
comparison of this framework over prior. 
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Figure 9. Shows performance speedup for GEOMM framework 

 
As our proposed framework is performing better 
as expected so to know how much cumulative sum 
of closeness to ideal solution this framework is 
providing over prior framework a cumulative sum 
graph is shown in figure 10. The cumulative sum 
of prior framework is represented with the blue 
line and the cumulative sum of GEOMM 
framework is represented with the red line. The 
graph shows us how the cumulative sum of 
closeness to the ideal solution grows as the 
number of alternatives increases. The cumulative 
sum graph starts from Selenium for both 

frameworks. As the number of alternatives 
increases, we can see there is increase in the 
cumulative sum values of both frameworks. The 
proposed GEOMM framework onward has more 
cumulative sum value of closeness to ideal solution 
and it continues until the last alternative Appium. 
The final cumulative sum for closeness to ideal 
solution for GEOMM framework is 4.5. This 
shows that GEOMM framework is providing us 
more closeness to the ideal solution for better 
decision making for the alternative selection. 

 

 
Figure 10. Cumulative sum of closeness comparison 
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The closeness to the ideal solution is also 
represented in figure 11 in the form of the boxplot 
comparison. The boxplot for prior framework and 
our proposed GEOMM framework is presented. 
These boxplots actually represent the performance 
metric in term of best ideal solution 
recommendation. We can see that the boxplot for 
the GEOMM framework is more toward the right 

side indicating higher closeness to the best ideal 
solution. The x-axis represents the closeness to the 
ideal solution value which increase toward the 
right side. So, our proposed framework is plotted 
more toward the right side indicating that it has 
better closeness to the ideal solution compared to 
the prior framework. 

 

 
Figure 11. GEOMM and AHP+TOPSIS framework boxplot 

 
So, from all these visualizations we can clearly see 
that our proposed framework called GEOMM 
framework has perform more better than the prior 
framework. The GEOMM framework not only 
provide us better decision making and more 
accuracy for the selection of the software testing 
tools but it also handles the different limitations 
and drawbacks. 
The GEOMM framework not only provide us the 
percentage improvement for each alternative 
compare to the prior framework [12] but it also 
provides performance improvement of 21% for 
selecting the software testing tools based on the 
different criteria. Although the inconsistencies 
and limitations are reduced in the selection 
approach that we have implement but to still 
check whether our pairwise comparison matrix is 
stable for accurate decision making we measure 
the consistency ratio that is 0.09 which is 
acceptable. 
 
 
 

VI. Conclusion: 
In this research we have introduced a new software 
testing tool selection framework called GEOMM 
framework along with taxonomy of testing tool 
criteria. In this framework the first part is about 
GEOMM taxonomy and second part of this 
framework is about the implementation of the 
GEOMM methodology. The academics in the 
field of software engineering have reviewed 
GEOMM taxonomy and according to them this 
taxonomy is useful for developers. The main 
objective behind why GEOMM framework is 
introduced is that the previous framework has 
limitations and drawbacks. The GEOMM 
framework has been validated and is performing 
21% better as compared to the previous 
framework. Its mean it has 21% of more accurate 
decision-making regarding software testing tools 
selection. In the future, this framework can be 
further improved. 
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