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Abstract: The software development methodology covers the 
complete software life cycle. It involves the production of quality 
and reliable software in a systematic, controlled and efficient 
manner using formal methods for specification, evaluation, analysis 
and design, implementation, testing, and maintenance. Today, 
software is used in all domains of education. From primary and 
secondary schools to higher education institutions are using 
specialist software packages intended for research. The aim of this 
manuscript is a selection of the software development methodology 
based on multiple-criteria decision-making methods. PIPRECIA 
method is applied for defining the weights of the criteria, whereas 
WASPAS method is applied for the ranking of alternatives. The 
application of the proposed approach, as well as its efficiency and 
effectiveness, are shown in the conducted case study. 

Keywords: Software, Software development methodology, 
MCDM, WASPAS 
JEL: D81, C44 

1. INTRODUCTION 

The software development methodology covers the complete software life cycle. 

It involves the production of quality and reliable software in a systematic, 

controlled and efficient manner using formal methods for specification, 

evaluation, analysis and design, implementation, testing, and maintenance. 

Today, software is used in all domains of education. From primary and 

secondary schools to higher education institutions are using specialist software 

packages intended for research. 

 

Manger (2012) states that software product is a collection of computer programs 

and related documentation, created precisely for the reason of being sold. It can 
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be developed for a specific user (customized product) or generally for the market 

(generic product). Today's software includes the necessity that he must be of 

good quality. More specifically, a software product is expected to be 

characterized by the following quality attributes: a) Maintenance; b) Reliability 

and security; c) Efficiency; d) Usability. 

 

Thus, the software represents a series of commands that are stored in the 

computer's memory. It is executed on hardware and is required for proper 

operation and functioning of a computer system. According to the purpose one 

of the most common software division is into two groups: a) System software: 

all programs, software packages, etc. intended for the functioning of a computer 

system are belonging to system software; b) Application software: all programs, 

software packages, etc. intended to solve specific problems and tasks of 

computer system users are belonging to application software (Tomašević, 2012). 

 

The pace of change in the software development industry is still high. People 

continue to push the boundaries of known techniques and practices to develop as 

efficient and effective software as possible. Software development lifecycle 

models and business decision models contribute to controlling product 

development in different ways. 

 

Software products are among the most complex systems made by man. 

Therefore their development requires the use of techniques and processes that 

can be successfully scaled up to very large applications while satisfying 

demands for size, performance and security, all within the time and budget 

constraints. The complexity of large software systems is overcome by the use of 

higher-level abstraction structures, such as software architecture. 

 

Thus, a set of activities that are related to the "initialization, design, realization 

and sale of software products and managing all the resources that are related to 

that product" is called software engineering which is of crucial importance to 

software development (Steward, 1987).   

 

Today, decisions are made daily and are one of the most important elements of 

management activities. With globalization and increasing business dynamics, 

changes have been made in the decision-making process, so decision-making has 

become much more demanding and complex. Multiple-Criteria Decision-

Making (MCDM) represents the process of selecting one alternative from a set 

of available alternatives or, in some cases, ranking alternatives based on a 

predefined set of specific criteria that most often have different significance. 

Justification for the application of the MCDM methods is relevant approach to 

making decisions and the adoption of sustainable solutions (Stanujkić et al., 

2019a; Stanujkic et al., 2019b; Karabašević & Maksimović, 2018; Stanujkić et 

al., 2017b). 
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Therefore, the main aim of this manuscript is to present an approach for the 

selection of software development methodology based on MCDM methods. For 

the defining weights of the criteria, PIPRECIA method is applied, whereas for 

the purpose of the ranking of alternatives WASPAS method is applied. 

2. THEORETICAL BACKGROUND 

Nowadays, software engineering is receiving increasing attention in software 

development. Software engineering is a systematic approach to the development, 

exploitation, maintenance, and replacement of software products. Software 

engineering is a technological and management discipline that deals with the 

systematic production and maintenance of software products, which should be 

developed on time and at an estimated cost (Mead, 2009). 

 

Characteristics of software engineering are (Buckley, 1987): a) modeling as the 

basis of design (object-connection model, process model, data model); b) 

methods of analysis, synthesis, and identification are used; c) division into 

levels, related to the phases of the software product life cycle and the project 

phase; d) interdisciplinarity and user involvement; d) project organization; e) 

validation and verification of results, quality assurance, presentation of results, 

documentation.  

 

Because of all of the above, software engineering requires the use of both 

analytical and descriptive tools that have been developed within the computer 

sciences, along with the rigorous approach that engineering disciplines bring to 

achieving adequate reliability and security, all through the teamwork of software 

engineers working in a cohesive environment. At today's level of software 

engineering development, an organization's ability to handle software 

development in this way is precisely measurable and ranges from level 1 where 

software processes are unpredictable to level 5, where software processes are 

optimized. 

 

The software development model is selected depending on the nature of the 

project and the application, the technical orientation of the people who will 

participate in the development, the methods and tools that will be used in the 

development, the methods of control as well as the products that are required. 

The primary goal of model creation is to provide software products that meet 

user requirements. 

 

Depending on the importance of particular stages and activities of software 

development and the forms of organization and development management, as 

well as the experience of employees and the nature of the product, there are 

(Balaji & Murugaiyan, 2012; Martin, 2002):  

a) Sequential software development model, the so-called waterfall; 
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b) Iterative and incremental model of software development; 

c) Agile development model. 

 
The purpose of the SWEBOK project is to characterize the content of software 

engineering as a discipline, as well as to differentiate software engineering from 

other disciplines such as computer science, project management, computer 

engineering, etc. According to the SWEBOK project, software engineering 

methods can be divided into three areas: a) heuristic methods relating to methods 

based on the informal approach; b) formal methods based on a mathematical 

approach; and c) prototyping methods relating to methods based on different 

types of prototyping (Antović et al., 2008; Stanojević et al., 2006).  

 

Each model of the software development process uses a requirement 

specification as input and a delivered product as an output. Over the years, many 

such models have been proposed. Below, some of the most popular will be 

discussed in order to better understand their similarities and differences. 

2.1. The waterfall model 

One of the first proposed is a waterfall model. The waterfall model implies that 

it is necessary that one phase of the development must be fully completed before 

the beginning of the next one (Royce, 1970). 

 

The waterfall model is very useful as an aid in expressing what the software 

development team needs to do. Its simplicity makes it easy to provide 

explanations to those unfamiliar with the software development process as it 

explicitly indicates among the steps necessary to begin the next phase. Many 

other more complex models represent a "beautified" waterfall model, through 

the inclusion of feedbacks and activities (Balaji & Murugaiyan, 2012). The 

biggest problem with the waterfall model is that it does not reflect the actual way 

in which the code evolves. Except perhaps for the very clear problems, the 

software is usually developed through a number of iterations. Software is often 

used to solve a problem that has never been resolved before, or whose solution 

must be improved to reflect changes that have occurred in the business or work 

environment (Pfleeger & Atlee, 1998).  

 

Although this model has been used for many years in the production of many 

quality systems, it does not mean that no problems occur. In recent years, the 

model has been criticized for its rigidity and inflexible procedure. 
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Figure 1. Waterfall model 

 
Source: https://www.slideshare.net/Ehtesham17/waterfall-model-in-software-

engineering 

2.2. The iterative and incremental model 

The problems encountered in the waterfall model led to the need for a new 

method of system development that would provide quick results, which would 

require less initial information and offer more flexibility. 

 

When iterative development is applied, the project is divided into smaller parts. 

This allows the development team to demonstrate results early in the process and 

to receive valuable feedback from system users. Often, each iteration is actually 

one mini-waterfall with feedback from one phase that provides vital information 

for the next phase. In iterative development, iteration is delivered immediately, 

at the very beginning, and then the functions of each subsystem are changed, in 

each new version. In incremental development, the system as specified in the 

requirement specification is subdivided into subsystems by functions. Versions 

are defined initially as small, functional subsystems, and then new features are 

added to each new version (Larman, & Basili, 2003). 
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Figure 2. Incremental and iterative development 

 
Source: http://www.link-university.com/lekcija/Fazni-razvoj-i-spiralni-

model/2620 

2.3. The spiral model 

Boehm (1988) observed the development of software in light of the risks 

involved, suggesting that the spiral model can combine development activities 

with risk management, in order to be smaller and easier to control. This model is 

designed to include the best features of the waterfall model and introduces a new 

component - the risk assessment. The term "spiral" is used to describe the 

process that follows the development of the system. 

 
The spiral model, shown in Figure 3, in some ways is similar to the iterative 

development shown in Figure 2. Starting with the requirements and initial 

development plan (including budget, constraints and alternatives in terms of 

staff, design and development environment), this process introduces a risk 

assessment step and a prototype alternatives, before producing a "working 

principles" document, to describe the functioning of the system at a high level of 

abstraction. From that document, a set of requests is defined and monitored to 

verify the completeness and consistency of the request. Therefore, the principle 

of operation is the product of the first iteration, while the requirements are the 

main product of the second iteration. In the third iteration, system development 

produces the design, while the fourth iteration enables testing (Fliger et al., 

2006). 

 

 

 

 



57 

 

 

Figure 3. Spiral model 

 
Source: Cowley (2014) 

 

In each iteration, the risk analysis identifies different variants in terms of 

requirements and constraints, while prototyping verifies the feasibility or 

desirability of selecting the appropriate variant. After identifying the risks, 

project managers must decide how to eliminate or minimize them. To avoid the 

risk of choosing interfaces that would prevent productive use of the new system, 

designers can prototype both interfaces and test them in order to determine 

which is preferable, or even include both interfaces in the project so users can, 

after logging in, select interface. Restrictions such as budget and delivery time 

help in choosing a risk management strategy (Neill & Laplante, 2003). 

2.4. The agile methods 

Agile methodologies emerged in the late 90s when a group of software engineers 

concluded that previous approaches and methodologies for software 

development were not suitable in a turbulent environment and that it was not 

possible to bind and achieve firm delivery times for software solutions and 

customer satisfaction. They met and through mutual exchange of opinions came 

to the basic principles of agile methodologies, which they wrote down in the so-

called Agile Manifesto (Jovanović et al., 2016). 
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Kilibarda et al. (2016) find that agile methodologies differ from traditional ones 

in that they require the development of software products through shorter 

development cycles. With its completion, it is possible to deliver one piece of a 

software product to the client and make the necessary changes with it, in order to 

reach the final result faster and more efficiently. 

 

In the practice of implementing agile methodologies for software product 

development, a number of methods are proposed and used today. The most 

famous are Scrum, Extreme Programming (XP), Crystal Clear, DSDM, and 

more. The Scrum method is one of the most popular and in practice the most 

used method of agile software development management. 

2.4.1 SCRUM methodology 

This method is based on the basic principles that characterize the agile approach 

and is convenient in practice because it is very easy to use. This method suggests 

that software development work takes place in shorter cycles called sprints, 

followed by ongoing consultations with the client, and that, after a certain cycle, 

analysis and review will be carried out and, if necessary, the desired and 

necessary changes will be made. This includes mandatory meetings before and 

after each sprint, in order to consider whether everything was done accordingly 

to the requirements and if it is necessary to introduce some changes. In a 

particular situation, it is possible to go back and implement a specific sprint 

according to new requirements (Jovanović et al., 2016; Pichler, 2010). 

 

Development cycles - sprints are time intervals that can last one month, usually 

lasting two or more weeks. The software development team using the SCRUM 

method has special authority in terms of organizing and operating, as well as the 

special member or product owner that has certain authorization and 

responsibilities regarding the work of the development team and delivering the 

desired results to the client. In addition to team members working on software 

development, the SCRUM methodology envisages two specific roles related to 

team operations. These are the product owner and SCRUM master (moderator or 

mediator) (Jovanović et al., 2016). 

 

One of the most commonly used and researched methods is SCRUM, which 

describes an iterative development process with the gradual delivery of value. 

SCRUM methodology can only reach its full potential if all elements are well 

defined with fully dedicated teams. 
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3. METHODOLOGY 

Weighted aggregates sum product assessment (WASPAS) method was 

developed by Zavadskas et al. (2012). The WASPAS method represents a 

unique combination of two MCDM approaches weighted sum (WS) method and 

weighted product (WP) method.  

 

In order to cope with a wider range of problems, the WASPAS method has many 

extensions, such as: WASPAS-G (Zavadskas et al., 2015), WASPAS-IFIV 

(Zavadskas et al., 2014), WASPAS-SVNS (Baušys & Juodagalvienė, 2017), 

WASPAS-IFN (Stanujkic & Karabasevic, 2018); WASPAS-R (Stojic et al., 

2018). 

 

Also, until now WASPAS is applied for solving the most diverse problems, such 

as: manufacturing decision making (Chakraborty et al., 2014), construction site 

selection (Turskis et al., 2015), personnel selection (Karabasevic et al., 2016; 

Urosevic et al., 2016), website selection (Stanujkic & Karabasevic, 2018), and 

so on. 

 

The computational procedure of WASPAS method can be precisely presented as 

follows (Karabasevic et al., 2016; Urosevic et al., 2016): 

 

Step 1. Determine the optimal performance rating for each criterion. In this step, 

the optimal performance ratings are calculated as follows: 
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where jx0  denotes the optimal performance rating of j-th criterion, max

denotes the benefit criteria, i.e. the higher the values are, the better it is; and 

min  denotes the set of cost criteria, i.e. the lower the values are, the better it is, 

m denotes number of alternatives; i = 0, 1, ..., m; and n denotes number of 

criteria, , j = 0, 1, ..., n. 

 

Step 2. Construct the normalized decision matrix. The normalized performance 

ratings are calculated as follows:  
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where ijr  denotes the normalized performance rating of i-th alternative in 

relation to the j-th criterion. 

 

Step 3. Calculate the relative importance of i-th alternative, based on WS 

method. The relative importance of i-th alternative, based on WS method, is 

calculated as follows: 





n

j

ijji rwQ
1

)1(  ,  (3) 

where )1(
iQ  denotes the relative importance of i-th alternative in relation to the j-

th criterion, based on WS method. 

 

Step 4. Calculate the relative importance of i-th alternative, based on WP 

method (Madić, 2014). The relative importance of i-th alternative, based on WP 

method, is calculated as follows: 
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where )2(
iQ  denotes the relative importance of i-th alternative in relation to the j-

th criterion, , based on WP method. 

 

Step 5. Calculate total relative importance, for each alternative. The total 

relative importance, or more precisely the joint generalized criterion of weighted 

aggregation of additive and multiplicative methods  is calculated as follows: 
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In order to have increased ranking accuracy and effectiveness of the decision 

making process, in WASPAS method, a more generalized equation for 

determining the total relative importance of i-th alternative is developed as 

below: 
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4. CASE STUDY OF THE SELECTION OF 

SOFTWARE DEVELOPMENT METHODOLOGY 

This section will present a case study of the selection of software development 

methodology based on the use of PIPRECIA and WASPAS methods. 

 

Based on the literature review, alternatives that will be evaluated are as follows: 

Waterfall methodology – A1; Iterative and incremental methodology – A2; Spiral 

methodology – A3; and SCRUM methodology – A4. 

 

Pivot Pairwise Relative Criteria Importance Assessment method (PIPRECIA) 

method is developed by Stanujkic et al. (2017a) and is used for the 

determination of the weights of the criteria. Based on the research carried by 

Mahapatra and Goswami (2015), in this manuscript following criteria were 

determined, namely: Requirement analysis – C1; Status of the development team 

– C2; User’s participation – C3; and Project type and associated risk – C4. 

 

Step 1. Determination of weights of criteria  

Responses and assigned weights of the evaluated criteria obtained from the three 

Decision Makers (DMs) by applying PIPRECIA method are shown in Table 1-3, 

whereas in Table 4 are shown group weights.  

 

 Table 1. Weights of the criteria obtained from the first of the three DMs 

 Criteria sj kj qj wj 

C1 Requirement analysis   1 1 0.29 

C2 Status of the development team 0.85 1.15 0.87 0.25 

C3 User’s participation 0.85 1.15 0.76 0.22 

C4 Project type and associated risk 1.1 0.9 0.84 0.24 

    3.47 1.00 

Source: Author’s calculations 

 

Table 2. Weights of the criteria obtained from the second of the three DMs 

 Criteria sj kj qj wj 

C1 Requirement analysis   1 1 0.28 

C2 Status of the development team 0.89 1.11 0.90 0.26 

C3 User’s participation 0.9 1.1 0.82 0.23 

C4 Project type and associated risk 0.98 1.02 0.80 0.23 

     3.52 1.00 

Source: Author’s calculations 
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Table 3. Weights of the criteria obtained from the third of the three DMs 

 Criteria sj kj qj wj 

C1 Requirement analysis   1 1 0.32 

C2 Status of the development team 0.7 1.3 0.77 0.24 

C3 User’s participation 0.9 1.1 0.70 0.22 

C4 Project type and associated risk 1 1 0.70 0.22 

     3.17 1.00 

Source: Author’s calculations 
 

The group weights of the criteria based on the stances of the three DMs are 

shown in Table 4. 

 

Table 4. The weights of the criteria obtained from the three DMs 

 Criteria 
1
jw  2

jw  3
jw  *

jw  jw  

C1 Requirement analysis 0.289 0.284 0.316 0.296 0.296 

C2 Status of the development team 0.251 0.256 0.243 0.250 0.250 

C3 User’s participation 0.218 0.232 0.221 0.224 0.224 

C4 Project type and associated risk 0.242 0.228 0.221 0.230 0.230 

     0.999 1.000 

Source: Author’s calculations 

 

Step 2. Ranking of alternatives  

Based on the ratings obtained from the three DMs, group ratings are calculated 

as follows: 
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The group ratings of the four evaluated alternatives obtained from the three DMs 

are shown in Table 5. 

Table 5. The initial decision-making matrix 

Criteria 

Alternatives 
C1 C2 C3 C4 

wj 0.296 0.250 0.224 0.230 

A1 3.33 3.00 2.67 2.33 

A2 2.67 2.67 2.67 3.33 

A3 3.67 3.67 3.00 4.00 

A4 5.00 4.67 4.67 4.67 

Source: Author’s calculations 
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By applying Eq. (2), a normalized decision matrix has been formed. The 

normalized decision matrix, as well as the weights of the criteria are shown in 

Table 6. 

Table 6. The normalized decision matrix and the weight of the criteria  

Criteria 

Alternatives 
C1 C2 C3 C4 

wj 0.296 0.250 0.224 0.230 

A1 0.67 0.60 0.53 0.47 

A2 0.53 0.53 0.53 0.67 

A3 0.73 0.73 0.60 0.80 

A4 1.00 0.93 0.93 0.93 

Source: Author’s calculations 

 

The relative importance of the evaluated alternatives, based on weighted sum 

(WS) method and weighted product (WP) are shown in Table 7. 

Table 7. The relative and total importance of the alternatives 

 )1(
iQ  )2(

iQ  iQ  Rank 

A1 0.29 0.07 0.36 3 

A2 0.28 0.07 0.35 4 

A3 0.36 0.09 0.45 2 

A4 0.48 0.12 0.60 1 

Source: Author’s calculations 

 

Data from the Table 7 show us that alternative designated as A4 has the highest 

total importance in terms of evaluated criteria.  

CONCLUSION 

The pace of change in the software development industry is still high. People 

continue to push the limits of known techniques and practices to develop the 

most efficient and effective software. Software development lifecycle models 

and business decision models contribute to controlling product development in 

different ways. 

 

A particular software development model can significantly affect various 

software product-related issues. If the model fails to fully meet the requirements, 

it will certainly affect the end product. Often a major reason for the failure of 

software development is the lack of good methodology or the implementation of 

inadequate. Also, a common barrier to successful software development is the 

misunderstanding and failure to meet user requirements. Continuous 

communication with the client is implied in agile methodologies, and such 
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omissions are much harder to come by. Certainly, the ultimate goal, for both 

sides, is applicable software. 

 

The proposed PIPRECIA-WASPAS approach has successfully responded to the 

requirements in terms of selection of the of software development methodology. 

The conducted case study has proved the applicability, ease of use and 

effectiveness of the proposed approach. Based on the conducted case study, 

alternative designated as A4 has the highest total importance in terms of 

evaluated criteria. Therefore, SCRUM methodology is the most convenient by 

the stances of the DMs.  
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