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Abstract 

Software development project are considered one riskiest projects. Software projects have not gone up 

significantly compared to the amount of research that has worked to raise the success rate. Where it 

was observed that during previous years software projects were not completed on time, within the 

planned budget or in accordance with the specified quality. Complexity of interaction between the 

project constructs “risk, success factors and success criteria” could help one main reasons behind this 

failure. This paper explores the complexity of interaction between those components in order to provide 

the software project decision makers with useful information to build their plans to rise the success of 

software project.   

Keywords:  Complexity; Interactions; Mapping; Risk factors; software development project; centrality 

and network analysis. 

--------------------------------------------------------------------------------------------------------------------------- 

1. Introduction 

Complexity is one of the most important topics to be studied in terms of projects in general and software 

projects in particular. This is due to its important and significant role in system development (Xia and 

Lee, 2005). Complexity might be considered one of the most important reasons for the failure of a huge 

number of software projects. Nguyen (2014), Calleam (2014) noted that nearly 35% of software projects 

fail because of the team’s inability to understand the complexity of the project. The difficulty could be 

that, when the team realises that they have underestimated the project’s complexity, it will often be too 

late to take steps to address this and ensure the project’s success (Jørgensen, 2014). Another reason 

could be that it is difficult to study the complexity in all phases during a project (Nguyen, 2014). 

Furthermore, according to Petkova and Petkov (2015)   , “understanding software project complexity is 

an essential precondition for better IT project management”. Complexity has been always closely 

associated with project success criteria. However, Lehtinen et al. (2014) stated that complexity arises 

because of the interaction between time, cost and quality. Furthermore, complexity occurs between risk 

and success factors associated with these criteria. According to Fitsilis (2009), researchers must carry 

out further study of the complexity of software projects in order to understand it, as current studies do 

not give enough focus to the phenomenon. He also added that, in order to understand the complexities, 

two important points need to be taken into consideration. The first is that in order to understand the 

complexities we must study the entire software project. The second is to understand the characteristics 

of the interactions between the system components or factors. This includes the importance of 

interaction and interdependency between the elements of the software project, as understanding those 
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interactions could lead to building strategies and plans to predict and deal with these events, which in 

turn could help to increase the chances of software project success because the interaction between 

factors in a project has a huge impact on the project outcome (Nandhakumar, 1996).  

 

Measuring success in projects  

Software and IT project are the most risky projects as more of these projects fail or are not delivered on 

time compared to other projects, as has been mentioned. A joint study by McKinsey and Oxford 

University found that large software projects on average run 66% over budget and 33% over schedule 

(Chandrasekaran and Kaniyar, 2014). So the question of success in a software project depends on how 

we measure success. What are the most influential criteria by which to measure success?  

Many researchers have tried to measure success in projects (Wateridge, 1995, Wateridge, 1998, 

Atkinson, 1999, Dyba, 2000). However, researchers are not the only ones attempting to do this; 

managers and organisations have also tried to find criteria to measure the success or a failure of a 

project, which appears to be a very difficult target (Thomas and Fernández, 2008). Furthermore, the 

identification  of success differs depending on the stakeholders perspective of measurement    

(Berssaneti and Carvalho, 2014). According to Thomas and Fernández (2008), Wilson and Howcroft 

(2002) and Irani et al. (2001), although many works have been conducted with regard to measuring 

success there is no common agreed definition of success. But that does not mean there are no well-

known criteria (for example, cost and quality) by which to measure success; it just means that there is 

still an argument about whether they are enough to measure success. 

Of the most important things that should be carefully taken into consideration is whether it is possible 

to measure success in software projects. There are a number of criteria that are used in the measurement 

of software projects, and the most common are time, cost, scope and quality (Anda et al., 2009; 

Atkinson, 1999; El Emam and Koru, 2008; Kappelman et al., 2006; Lai, 1997; Sumner et al., 2006; 

Yeo, 2002). Above all, researchers have argued whether the information we have with regard to 

traditional software success criteria is enough, as in software projects it is almost impossible to apply 

only cost, time and quality and consider the project as successful. For example, De Bakker et al. (2010) 

studied the success of software projects between 1997 and 2009 and found that, even after meeting the 

traditional success criteria, some software projects still failed. The reasons behind that could be the 

complexity of software project, e.g., each stakeholder has their own success criteria and each one could 

be impacted by the interaction of factors that lead to success as well as by risk factors, as shown in 

Figure 4 1. Therefore, this research conducts a comprehensive study to determine the critical success 

criteria as well as the factors that lead to success in a software project. 

 

The Iron Triangle   

Cost, time and quality have been over the years considered as fundamental criteria to measure success 

where, for example, Morris and Hough (1987) have built their framework on ways of measuring success 

over cost, schedule and quality. These concepts are some of the most used criteria to measure a project’s 

success or failure. Moreover, cost, schedule (time) and quality have been identified because of the 

importance of measuring the success of a project according to the ‘iron triangle’ or the ‘golden triangle’, 

which some professionals call the ‘Holy Trinity’ or the ‘triangle of virtue’ (Atkinson, 1999, Ika, 2009, 

Westerveld, 2003). 

Even though these measures have been argued widely as the best to use, they are not the only criteria 

by which to measure success, but certain authors have stated that they are the “gold standard for 

measuring project success” (Barclay and Osei-Bryson, 2010; Meredith and Mantel, 2000; Pinto & 
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Slevin, 1987; Papke-Shields et al., 2010; Berssaneti & Carvalho, 2014). In simple words, the iron 

triangle is considered successful if the project is delivered on time and roughly meets the planned 

budget, as well as meeting the requirements set by the stakeholders in addition to the customers’ 

demands. Furthermore, ISACA (2008) states that “ensuring the delivery of project results within 

agreed-upon time frames, budget and quality by focusing on a defined program and project management 

approach that is applied to IT projects and enables stakeholder participation in and monitoring of project 

risks and progress”.  

According to Agarwal and Rathod (2006), the iron triangle has been used by professionals to measure 

performance in software projects; they also note that in some cases cost, time and quality have been 

used with other measures. This emphasises the iron triangle’s importance as a measure of success for 

software projects, which have over the years been delivered over the agreed cost as well as not on time. 

Bloch et al. (2011) noted that budget and time are two of the biggest risks facing software projects in 

general; more than 45% of IT projects run over the budget and 56% will not meet the quality needed in 

the final product. The performance of software projects can also be measured by their ability to be 

delivered on time within the target cost and meeting the standards of product quality (Weber et al., 

1994; Agarwal and Rathod, 2006). 

 

Figure 1-Error! No text of specified style in document.-1 Criteria and Factors that lead to success 

Complexity definition  

According to the Oxford Dictionary (2016b), complexity can be defined as “The state or quality of 

being intricate or complicated” and “A factor involved in a complicated process or situation”. 

Furthermore, the Cambridge Dictionary (2016a) defines complexity as “the state of having many parts 

and being difficult to understand or find an answer to”. It can be seen that the Oxford Dictionary defines 

complexity as a situation in which the components are not total understandable. Although the 

Cambridge Dictionary (2016a) has a similar definition, its definition mentions that, in order to have 

complexity, two or more than two factors have to be involved where either the outcome or the process 

are not understandable. Wernham (1985) has similarly defined complexity, adding that complexity 

occurs because of the interaction of multiple interrelated components. Thus, based on this, there are two 

concepts related to complexity (understanding and interaction) in a situation. Complexity in relation to 

software projects has also been defined. The Lagerstrom et al. (2014) definition is similar to those 

previously mentioned: “degree to which a system or component has a design or implementation that is 

difficult to understand and verify”.  
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Above all, the concept of the complexity is widely debated, as there are no agreed concepts about it, 

and it has become important to show that there are differences between the several aspects related to 

complexity, such as the difference between complexity and complicated. In most cases, complexity is 

about not fully understanding a phenomenon or an interaction between components in an environment, 

whilst complicated has the opposite meaning to simple: there are several components in a system but 

this system is not understandable.  

In addition to the above, it is important to distinguish that the terms ‘complicated and ‘complexity’ are 

different. Cilliers and Spurrett (1999) have explained the differences between the two terms as “it is 

useful to distinguish between the notions ‘complex’ and ‘complicated’. If a system despite the fact that 

it may consist of a huge number of components—can be given a complete description in terms of its 

individual constituents, such a system is merely complicated. Things like jumbo jets or computers are 

complicated. In a complex system, on the other hand, the interaction among constituents of the system, 

and the interaction between the system and its environment, are of such a nature that the system as a 

whole cannot be fully understood simply by analysing its components. Moreover, these relationships 

are not fixed, but shift and change, often as a result of self-organisation. This can result in novel features, 

usually referred to in terms of emergent properties”. From that it is also notable that the words ‘fully 

understood’ are attached to the term ‘complicated’, whilst ambiguity and the inability to fully 

understand a system are attached to the word ‘complexity’, as has been mentioned.  

The concept of complexity of interaction is referred to as interfaces between the elements or factors in 

a specific environment. The importance of a factor in terms of its interaction relies on several 

characteristics. One of the most important is the location of the factor and how it influences other factors 

in the system or project. Furthermore, these interactions could be between systems, locations and 

humans (Fitsilis, 2009). 

Other important aspects of complexity are its science and theory. Couture and Valcartier (2007) state 

that scientists and researchers have discovered that not all systems are understandable or linear, and 

define complexity theory as: “These non-linear systems are showing behaviours and types of orders 

that are hard to predict, even when they are governed by simple rules.”. Similarly, Johnson (2009) has 

defined complexity science as: “the study of phenomena which emerge from a collection of interacting 

objects”. Based on that, it is important to understand complex systems in more detail, as follows. 

3.4 Complexity of software project failures 

Software projects are one of the most commercial areas in which investment has been made during 

recent decades. However, they are one of the riskiest and less successful types of project. For example, 

Cerpa and Verner (2009) noted that the success rate for software projects has not gone up significantly 

compared to the amount of research that has worked to raise the success rate. Where it was observed 

that during previous years software projects were not completed on time, within the planned budget or 

in accordance with the specified quality. At the beginning of the year 2000 software project failures  

cost the US economy nearly $75 billion (Charette, 2005a). A Standish Group study of 2009 on software 

projects divided projects into three categories: successful, failed and challenged – which are projects 

that have experienced partial failure with regard to not being completed on time, over budget, and not 

to specified scope and/or quality. The report found that 66% of software projects fail either in whole or 

in part, while only 34% of projects are delivered according to the criteria that have been previously 

identified and considered successful (Hussain et al., 2016, Kamuni, 2015). This is an increase in the 

success of software projects compared to the group’s 1994 report where the success rate was only 16% 

(Wiklund and Pucciarelli, 2009). Although the increase had doubled, the number of failed projects is 

significantly high. In the 2015 Standish Group study report, they studied nearly 50,000 IT projects and 

found that 29% of the projects had been successful, 19% had failed completely or been cancelled, and 

52% had not been delivered as specified by the project criteria (time, quality, cost or scope) (Hastie and 

Wojewoda, 2015b). These statistics support Cerpa and Verner (2009) claim that software project 
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success has not increased compared to the amount of research done to increase the success rate, as has 

been stated earlier. Also, it shows that there is still much work to be done in order to raise those numbers.  

Cerpa et al. (2016) stated that have been a noticeable number of studies on software project failure from 

the user and the customer's perspective. However, they have not considered the development team’s 

perspective significantly. The development team plays one of the most important roles in the failure 

and success of IT projects, as many of the problems that lead to the failure of a software project can be 

understood and strategies developed to help to resolve them through the development team. In addition, 

the authors also stated that some improper practices by the management team also contribute to increase 

these percentages. Managers’ experience is very important in reducing the complexity of a project, 

because it helps them to predict the occurrence of a risk event during the project (Li et al., 2008). 

Complexity is one of the most important topics that are studied in terms of projects in general and 

software projects in particular. That is due to its important and significant role in system development 

(Xia and Lee, 2005). Complexity might be considered one of the most important reasons for the failure 

of a huge number of software projects. Nguyen (2014) and Calleum (2014) noted that nearly 35% of 

software projects fail because of inability to understand their complexity. The difficulty could be 

because, when the team realises that they have underestimated the project’s complexity, it will often be 

too late to take steps to ensure the project’s success (Jørgensen, 2014). Another reason could be because 

it is difficult to study the complexity in all phases during a project (Nguyen, 2014). Furthermore, 

according to Petkova and Petkov (2015), “understanding software project complexity is an essential 

precondition for better IT project management”. 

There are a number of reasons that increase the complexity of a project and thus increase the risk of its 

failure. The emergence of new technologies results in the existence of certain system structures that 

cause the emergence of unexpected risks and increase the project’s complexity (Sonchan and 

Ramingwong, 2014). 

Complexity has been always associated closely with project success criteria. But Lehtinen et al. (2014) 

stated that complexity arises because of the interaction between time, cost and quality. Furthermore, 

complexity occurs between risk and success factors associated with these criteria. In addition, it is noted 

that the greater the size of the project the more complex it is (Li et al., 2008). 

According to Fitsilis (2009), researchers must carry out more studies on the complexities of software 

projects in order to understand this topic as the current studies do not provide enough understanding 

about the phenomenon. He added that, in order to understand the complexities, two important points 

need to be considered, the first is that in order to understand the complexities we must study the entire 

software project; and the second is to understand the characteristics of the interactions between the 

system components or factors. This highlights the importance of interaction and interdependency 

between the elements of a software project, where the interaction between the project’s factors or 

components can be measured by using network analysis. According to Petkova and Petkov (2015), 

network analysis helps to determine the importance of a factor in the software project and how it 

influences the overall project. These results help us to understand the project complexity.  

The literature review illustrates the importance of complexity for software projects as follows. First, in 

order to study the complexity, we must study the project as a whole. Second, complexity has been 

associated closely with success criteria, as mentioned previously. Third, software projects contain risks 

and factors of success. All of these factors and criteria interact in a software project. Most studies have 

focused on one of these aspects without taking into account all the other aspects. Some studies (Na et 

al., 2007, Tiwana and Keil, 2004, Ruan, 2010, Li et al., 2008, Sonchan and Ramingwong, 2014, Hu et 

al., 2013) focused on the risk in software projects without taking into consideration the success factors, 

while other researchers have focused on the management and success factors in software projects and 

how they will help in raising the success rate, without paying much attention to the complexity of the 

interaction of those factors with other components in the project (Purna Sudhakar, 2012, Reel, 1999, 
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Darwish and Rizk, 2015, Chow and Cao, 2008, Ahimbisibwe et al., 2015, Nasir and Sahibuddin, 2011a). 

Furthermore, related to the study of complexity in software projects, there have been some attempts to 

understand complexity, such as in Fitsilis (2009), where he tried to come up with a model to help to 

understand the complexity in software projects. This research believes that one limitation to his work 

is the number of factors involved. Also, the success factors have not been included. In addition, the 

interaction between the factors was not studied. Fitsilis (2009) has also concluded that more work has 

to be done in order to understand complexity, and he mentioned interaction as one aspect. Petkova and 

Petkov (2015) proposed a model of factors affecting software project complexity, but this research 

argues that neither the interaction nor the success factors and criteria have been included in the model. 

Therefore, this research found that there is a gap in the study of interactions between success and the 

risk factors with success criteria in software project interaction. The study of these factors helps us to 

understand the mechanisms through which the elements interact and cause complexity. Understanding 

these interactions could lead to the building of strategies and plans to deal with and predict these events, 

which in turn could help to increase the chances of software project success. 

Network definition 

According to the Cambridge Dictionary (2016a), a network can be defined as “a large system consisting 

of many similar parts that are connected together to allow movement or communication between or 

along the parts, or between the parts and a control centre”. The Oxford Dictionary (2016b) defines the 

network as “A group or system of interconnected people or things”. From these two definitions, it is 

clear that a network contains parts, factors or components. In addition, both definitions include the word 

communication or interconnected. This shows the importance of interaction as a main characteristic of 

a network. This research also notes that there are many similarities between the definition of a network 

and the definition of a system, as previously stated. Based on that, a network, in simple terms, is a 

system containing nodes (parts, factors, people or things) linked to or interacting with each other. 

Furthermore, this focus on interaction is known as network thinking, which, according to Mitchell 

(2009), is the tool that has been used to investigate and understanding complexity from the interaction 

point of view for the last five decades. Interactions are described as the heart and soul of complexity 

According to Fang and Marle (2013), “The complexity of [a] project leads to the existence of a network 

of interdependent risks”. Based on that, this research will use network thinking to uncover the 

complexity in the software development project.  

 

Centrality measures 

Centrality measures are mathematical measures used in network analysis in order to understand the role 

of a node or nodes in a network, which in turn determines the importance of a node to other nodes in 

the network. According to Daim et al. (2016 and Freeman (1978), the centrality of a node is determined 

by its location in the network. Centrality measures help in understanding the interactions that occur 

between all the nodes in the network (Akhtar, 2014). Many researchers use four measures to 

measure centrality: “betweenness, closeness, degree, and eigenvector centrality” (Daim et al., 2016, 

Akhtar, 2014, Freeman, 1978, Croci and Grassi, 2014). This research will use these four measures in 

the study of complexity in a network. The following provides an explanation of these measures: 

 

Betweenness centrality: Centrality is determined by calculating the number of times that a node appears 

when counting the shortest paths in the network. A node is said to have high centrality if the 

betweenness value is high compared to the rest of the nodes. The importance of this measure is due to 

the fact that the node with the highest betweenness controls the interaction among the rest of the network 

nodes. The location of the node is important in this measure Because it affects the number of indirect 

interactions that occur among the nodes (Freeman, 1978).  
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Degree centrality: Degree centrality is determined in a network by counting the number of direct 

interactions between the node and other nodes in the network. The significance of the central class is to 

illustrate the direct influence and impact of a node on the other nodes in the network. Also, the degree 

centrality could be an indicator of the activity level of a node in the network.  

Closeness centrality: Closeness centrality is similar to degree centrality, but it calculates the average 

number of direct and indirect interactions between the node and other nodes in the network (McSweeney 

et al., 2014), while the degree centrality is concerned only with the direct interactions. The importance 

of closeness is that it shows how close the node is to the rest of the nodes in the network; this in turn 

explains the speed influence and impact of a node on all nodes in the network(Brandes, 2001). The node 

with the lowest closeness value in a network is the most central node in the network.  

Eigenvector centrality: This measurement depends on the node's neighbours more than o the node itself 

in determining its centrality. Here, the node is considered as central not by its location, shortest paths 

or the number of direct interactions but by the number of central nodes to which it is connected 

(McSweeney et al., 2014, Bonacich, 1972) . In other words, a node is considered to have high 

eigenvector centrality if it has the largest number of connections to central nodes although it could have 

low degree centrality.  

 

6. Methodology 

6.1 Sample and data collection method 

a matrix questionnaires was developed to obatain the realivent informations regarding the complexity 

of interactions. Furthermore the matrix designed as a rows contain the success factors list and success 

criteria, while the columns contain the list of risk factors and success criteria. The experts in the field 

of software projects were asked to tick any of the risk factors that have a direct impact on the success 

factors and success criteria 

7. Finding & Discussion 

 

The network in Figure 1-2 shows the interactions between all the four criteria, cost, quality, time and 

scope with the risk and success factors. In this network, the ego network topology has been applied to 

each and every criterion in the network to identify the factors that are connected to all the other factors 

as well as to study the centrality measures between all the four criteria. The results show that 80 factors 

are directly connect to cost, quality, time and scope out of 106 possible factors. This means that there 

are 80 risk and success factors that have a positive or a negative influence on software project 

development , whilst 26 factors are not directly connected to the four criteria. In this network, as has 

been mentioned, the ego network has been applied to all the criteria, which in turn will show that all the 

criteria have the same degree score, as the idea is to study the interaction of the factors connected to all 

criteria. Also, as a result of this, the closeness centrality of all the criteria has a centrality of 1. Thus, the 

main focus will be on what the top five factors are in terms of their centrality to the success criteria. 
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Figure 1-Error! No text of specified style in document.-2 Software development project interaction network 

 

The top central factors to all criteria in the interaction network 

 

Figure 1-3 The top central factors to all criteria 
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Figure 1-4 Centrality values of the top central success factors to all criteria 

 

This network shows the risk and success factors connected to all four success criteria. Out of 106 

possible factors, 80 are connected to all four criteria. From  above, it can be seen that the top five central 

success factors are S4DEV Effective project management, S31DEV Organisational culture, S14DEV 

Effective monitoring and control, S8PR Realistic budget and S18DEV Change management, whilst the 

table above shows that S4DEV is the most central factor to all criteria. Software development 

management is a multi-dimensional task; its importance relates to it being connected to making 

procedures, and its involvement in planning, organising the project and manging staff. These everyday 

tasks among others reflect its impact on the success of a project where, according to Vadlamani et al. 

(2016), “none of the other management activities can yield advantage more than software development 

from effective project management”. They added: “The efficiency of software project management is 

reliant on multi-disciplinary, interrelated factors including the management of project range, project 

time, project budget, project eminence, project human resource project communication, project 

procurement and project incorporation”. 

The second factor, S8PR Realistic budget, in the same way affects the software project due to its impact 

on all parts of the project, as it is involved with people, technology, services and infrastructures, among 

other things (Newton, 2015). Success in every criterion could be measured in comparison to the amount 

of money spent on the project, which makes these two factors more important to a software project than 

the other factors. Although S18DEV Change management is important to the success of a software 

project, its influence on the project depends on unexpected events. S14DEV Effective monitoring and 

control and S31DEV Organisational culture are also recognised as being important, but their importance 

is limited compared to the factors of effective management and budget, as applying good, effective 

monitoring and control will be limited to the Development class, whilst organisational culture will 

interact more with humanity and personal concepts about the project (Hofstede et al., 1990). As it 
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according to Yew Wong (2005) “It defines the core beliefs, values, norms and social customs that 

govern the way individuals act and behave in an organisation”. 

 

Figure 1-5 Centrality values of the top central risk factors to all criteria 

From Figure 1-5 above, it can be seen that the centrality differences between risk factors to all criteria 

and success factors are significantly low compared to the noticeable success factors. R16PR Unrealistic 

budget is the most central factor in this network, threatening the software’s success during all phases of 

the project life cycle (Hijazi et al., 2014a). This shows that there are many factors interacting with and 

affected by this factor and its ability to define the success or failure of a software development project. 

Also, this research found that R23DEV Project manager lacks experience is very important to a project’s 

success, which again shows that the management part of the project is responsible for many of the 

failures in a software project. The project manager is engaged with many sectors like, according to 

Baccarini et al. (2004), “requirements definition, communication management, human resource 

management”. In addition, staffing, planning and production have also been linked to mangers’ 

experience and can lead to software failure (Basten and Sunyaev, 2014). R3ENG Lack of technical 

skills, R18PR User resistance and R11DEV Unrealistic resource planning have been recognised as 

being less influence to a project, which could be because user resistance usually happens at the last 

stages of the project, whilst technical skills are influence to the quality of a project and in saving time, 

but are also usually important during the development stage, whilst unrealistic budget and Project 

manager lacks experience have an impact and influence on other project aspects before, during and at 

the end of the project. On the other hand, this research argues that there is an almost equally important 

factor to Unrealistic budget, which is R17PR Resource insufficiency, which has been found to be in the 

top central factors in three ego networks, cost, quality and time, but, because it is not connected to the 

scope ego network, it has not been included in all criteria network. The centrality of this factor will be 

discussed in depth in the next section. 
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8. Conclusion  

This paper has analysed the relationship between the four criteria in the network. In addition, it has 

uncovered the most important factors in terms of their centrality in the network and has also compared 

their centrality results. 
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