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Since the publication of the agile manifesto twenty years ago, its influence on software 

projects has been steadily growing and organisations and managers now have another 

methodology to choose from in addition to waterfall.  

The question remains, however, whether software managers fully consider both 

methodologies and how easy it is for management to determine which methodology is 

the best fit for their project. This thesis will investigate the two main software 

development methodologies, waterfall and agile, and determine the critical success 

factors for each one using the research literature. Based on the critical success factors and 

an exploration of what makes each methodology powerful, selection criteria for choosing 

one or the other methodology will then be presented as a tool for helping management 

select the correct methodology. 

 

The research questions of this thesis are: 

 

RQ1:  What are the core elements and key characteristics of agile and waterfall software 

development methodologies? 

RQ2: What are the critical success factors for agile and waterfall software development 

methodologies? 

RQ3: Which criteria to use when selecting agile or waterfall? 
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A meta-analysis of critical success factors is carried out across ten research papers, which 

are systematic literature reviews and in total comprise 298 articles and 550 surveys. Based 

on their output, the critical success factors are ranked in importance and are used to build 

some selection criteria to help management determine when a project would benefit more 

from using one software methodology over the other. 

The thesis will provide a detailed definition and core characteristics of agile and waterfall 

which will be used as a foundation for linking the methodology theory to the critical 

success factors and selection criteria.  

The overall aim of this thesis is to discover if agile is always the correct methodology for 

software development, and if not, to help managers determine when agile should be used. 

Management will be able to select the correct methodology based on the characterist ics 

of their project and map those to the critical success factors in this thesis. 

The important findings of the thesis are that it is rare for a project to be agile or waterfall 

and therefore selecting the correct methodology is not so black and white. The ideal 

methodology is one that is customised for the unique project. Factors that are especially 

important to consider are customer participation, team competency, top management 

support and specification changes. 

The results of this thesis can be used by project managers to increase the success of their 

projects by changing or modifying their methodology or by changing certain key factors 

in their project, e.g., increasing customer participation during the development lifecyc le. 

 

 

Keywords: critical success factors, software engineering, project management  
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INTRODUCTION 

1.1 Research problems and scope 

There is a large body or research such as that from the Standish group 2020 report which 

shows how successful agile can be. According to that research, agile projects were 

successful 42% of the time compared to 13% for waterfall projects (Standish Group 

2020). However, it is useful for project managers to be aware that agile is just one 

software methodology and it may not be suitable for all projects, they therefore should 

know when alternatives may make their projects more successful (Ahimbisibwe et al. 

2015). Choosing the correct methodology is no easy task, especially as the agile and 

waterfall methodologies take such different approaches. Currently, there is no 

methodological way to select the correct project framework. (Dyck and Majchrzak 2012) 

Although a decision point model has been created to help project managers (Thesing et 

al. 2021). The goal of this thesis is to provide a table of selection criteria (Table 8, pg. 50) 

which can be used by project managers to support them in selecting the most suitable 

software development methodology.  

While this thesis does not go against the large body of research that proves agile to be 

more likely to make a SW project successful, it challenges the assumption that therefore, 

project managers must always choose agile, or that by choosing agile the project is more 

likely to be successful. The reason is that for agile to be successful, certain key 

characteristics for the project and organisation must be met.  Some of these characterist ics 

are outside of the organisation’s and project manager’s control and so external factors can 

force the choice of methodology. As an example of such a characteristic, is how willing 

the customer is to be involved in the development process. If those criteria cannot be met, 

the project will not gain the advantages inherent in agile and runs the risk of being 

unsuccessful. This lack of success may cause some people to label agile as being 

unsuccessful, but the organisation may have been agile in name only, while the real 

problem was in the methodology that was initially chosen.  
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In order to develop a methodology selection criterion, a meta-analysis of the CSFs for the 

selected research papers was done to see what the critical success factors are for agile and 

waterfall projects. After these were gathered for waterfall and agile, that data, along with 

the software methodology key characteristics, was used to build up some criteria to help 

project managers know which factors should be controlled the most in order to give 

greater success to the project. The selection criteria can be useful to business because 

choosing the wrong software development methodology is the most critical reason for 

project failure (Ahimbisibwe et al. 2015). 

 

The overall goals of this thesis were to determine the correct SW methodologies to be 

used given certain project contexts, to develop some selection criteria to help management 

select a suitable methodology and make recommendations for improvements at a case 

company using the framework. 

The thesis will be mainly beneficial from the project manager’s point of view but could 

also be used by upper management in large organisations to help them develop and 

modify the current processes in place to better accommodate agile. 

 

The research questions of this thesis are: 

 

RQ1:  What are the core elements and key characteristics of agile and waterfall software 

development methodologies? 

RQ2: What are the critical success factors for agile and waterfall software development 

methodologies? 

RQ3: Which criteria to use when selecting agile or waterfall? 

 

The thesis has been structured so that, there is one chapter is dedicated to each research 

question and the chapters build up on top of each other as shown in figure 1 on the next 

page. First, I explore the definition of agile and waterfall, then I examine the CSFs and 

using this information, determine which software methodology is the most useful. An 

examination of a case company is also utilised to show the findings in a real use case 

environment.  
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1.2 The structure and objectives of the thesis 

 

Figure 1.  The structure of the thesis 

 

Step 1 – Review of the key characteristics of agile and waterfall methodologies  

The first step I needed to do was to go through the literature regarding the agile and 

waterfall methodologies so that their definitions became clear, so that I became aligned 

with the research community. I compiled the results into table 2 in chapter 2.3. This step 

provided the additional benefit that it gave clarity regarding the key characteristics a 

project should have to get the most benefit from either methodology. I then used this 

information as an input when building up the methodology selection criteria in table 8 of 

chapter 4.2.  

The literature review was carried out between October 2021 and January 2022 using the 

databases EBSCO, Scopus and Google Scholar. The papers I chose were all written in 

English and the search criteria were, “agile”, “waterfall”, “agile vs waterfall”, “agile 
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definition” and “waterfall definition": I narrowed down the papers as I went through them, 

picking those that gave any definitions of either of the methodologies within the context 

of software engineering. The final definitions of waterfall and agile are given in chapter 

2.  

Step 2a - Literature review on critical success factors in software development 

In this step I selected the research papers that would be used to determine the CSFs for 

agile and waterfall. The selection was an important step as the outcome of the later meta-

analysis would play a pivotal role in determining the selection criteria for each 

methodology. 

The databases used were EBSCO, Scopus and Google Scholar. The search queries used 

for the waterfall model were “waterfall model” OR ”waterfall development”. The search 

queries for the literature review articles and the ones on agile were “success factors 

software industry” and “critical success factors software industry”. The articles that were 

reviewed for this thesis were written between the years 2008-2021. 

For an article to be selected for this study it had to focus on the critical success factors in 

the software industry and to be focused on agile, waterfall or both methodologies. In 

addition, the articles had to provide a classification system for their chosen critical success 

factors. The articles selected are listed in table 1 on the next page. 

Step 2b - CSF Meta-analysis of critical success factors in software development 

Based on a meta-analysis of the 10 selected research papers from step 2a above I have 

determined what factors will most likely make a project using agile or waterfall the most 

successful. The outcome of this work is found in table 7 in chapter 3.3. This information 

is used as a basis for the selection criteria in table 8 of chapter 4.2.  

The meta-analysis was conducted for the articles stated in table 1 on the next page. Here, 

meta-analysis means that the CSFs from all the papers were gathered and combined into 

one CSF table. This aligns with research methods where meta-analysis is defined as the 

combination of the results of independent empirical research studies. (Hedges 1992) 

There was a general spread of the articles across the selected year range and all the articles 
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are themselves systematic literature reviews of CSFs or large surveys about CSFs. In total 

the selected articles in the meta-analysis comprise the data from 298 articles and 550 

surveys. 

Appendix 2 shows how each research paper was given a CSF value. I averaged the values 

of all ten papers and then combined them into table 7 found in chapter 3.3. Chapter 3.2 

gives a more detailed description of this step. 

The following articles were selected for use in this thesis for meta-analysis of the CSFs.   

Table 1.  Research papers used in this thesis 

Name Journal Year Methodology  Scope 

A survey study of critical 

success factors in agile 
software projects 

The journal of 

systems and 
software 

2008 Agile Survey 

of 109 
SW 
projects 

Critical success factors for 

software projects: A 
comparative study 

 

Scientific 

Research and 
Essays Vol. 6 

2011 Both 43 

articles 

A quantitative examina tion 
of critical success factors 

comparing agile and 
waterfall project 
management 

methodologies. 

Phd Capella 
University 

2013 Agile/Waterf
all 

Survey 
of 200 

people 

A model of critical success 
factors 

for software projects 
 

Journal of 
Enterprise 

Information 
Management 

2013 Both ?? 
(Journal

s, 
articles 
& 

papers) 

A contingency fit model of 
critical success factors for 

software development 
projects 
 

Journal of 
Enterprise 

Information 
Management 

2015 Agile/Waterf
all/Both 

148 
articles 



12 

A Review on the Critical 
Success Factors 
of Agile Software 

Development 
 

European 
Conference on 
Software Process 

Improvement 

2017 Agile 8 
articles 

The Critical Success 

Factors (CSFs) for IT 
Projects 

Journal of 

Telecommunicatio
n, Electronic and 
Computer 

Engineering  

2017 Both 28 

articles 
and 140 
surveys 

Correlation of critical 
success factors with success 

of software 
projects: an empirical 
investigation 

 

Software Quality 
Journal 

2018 Both Survey 
of 101 

SW 
projects 

IT projects success factors: 
a literature review 

International 
Journal of 

Information 
Systems and 

Project 
Management  

2020 Both 39 
articles 

Agile Project Management: 
A Systematic Literature 

Review of Adoption 
Drivers and Critical Success 

Factors 
 

54th Hawaii 
International 

Conference on 
System Sciences 

2021 Agile 32 
articles 

 

There are 5 articles which classify CSFs according to agile only, 2 for waterfall and 6 

which focus on both methodologies.  There are more articles dedicated to agile only than 

waterfall only, as that is the trend in the research community generally. 

This step was used as a base for the final methodology selection criteria because the final 

selection criteria only considered the most important factors of a project. The papers were 

also useful in validating if the CSFs have widespread acceptance in the research 

community. 
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Step 3 – Framework methodology selection criteria 

Once the CSFs and the key characteristics of agile and waterfall were known, this 

information was analysed and synthesised into a framework for selecting the correct 

methodology. The findings of the theoretical part from the previous steps are summed up 

in table 8 in chapter 4.2. 

Step 4 - Empirical case study 

I have applied the findings from the theoretical part, table 8 in chapter 4.2, to a case 

company, in order to trial the selection criteria and see how they could be used to help a 

company that wants to be agile become more agile. 

This was achieved by first doing an analysis of the company’s software methodologies 

and processes. I worked as a lead project manager in the company and so already had a 

good understanding of the processes. In addition to this, some extra informal discussions 

were held with some project managers of the company. 

The second part was the creation of a survey for the project managers in one division of 

the company.  To synchronise the empirical part with the literature review, the questions 

were based on the CSFs found in step 2. 

The project managers answered the survey by themselves but were able to ask for any 

further clarifications if anything remained unclear. I only answered questions related to 

the question’s meaning but did not provide any personal thoughts on the answers.  

Step 5 – Discussion, managerial recommendations and future research 

In this chapter, I emphasise the key learnings from the thesis. I then discuss the key 

challenges for the case company to become agile. Based on these learnings and 

challenges, I then present some managerial recommendations to the case company so that 

they could become more agile driven.  Last of all, I present some future research ideas 

that could be taken up by others to drive forward the learnings from this thesis. 
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2 WATERFALL AND AGILE METHODOLOGIES 

2.1 Agile 

The definition of agile used in this thesis will be that of the agile manifesto (Beck et al. 

2001). It may be expected that the practice will never fit the theory completely, but it 

needs to be explored if there are certain core elements that must be present for the 

company to gain the benefits of agile and call themselves agile.  This needs to be 

considered because in a survey of 112 companies, 90% said that they had struggled with 

rolling out an agile transformation (Cross et al. 2021).   

 

One needs to be careful when using the word agile as people may use the term to describe 

their own software project methodology even though they are not actually agile. This can 

cause distortions in the CSFs because a project may be labelled agile while it may be in 

waterfall mode or using only certain parts of agile but not enough to be considered agile. 

 

2.1.1 Individuals and interactions over processes and tools 

 

Agile software takes an incremental approach to software development and the 

methodology is summed up in the agile manifesto (Beck et al. 2001). The main difference 

between waterfall approaches to software and agile is that waterfall approaches focus on 

upfront planning and strict management of change while agile focuses on accepting 

change and efficiently managing change (Cockburn and Highsmith. 2001). “The most 

important implication to managers working in the agile manner is that it places more 

emphasis on people factors in the project: amicability, talent, skill, and communication.” 

(Cockburn and Highsmith 2001). Agile treats people as individuals and puts focus on 

individual competency as critical for the success for a project.  It emphasises that if you 

have good people, the process itself is not so critical. This can be summed up as “people 

trump processes” (Cockburn and Highsmith 2001) or as the agile manifesto states, 

“Individuals and interactions over processes and tools” (Beck et al. 2001).  
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Larger organisations must pay specific attention to organising teams (Boehm and Turner 

2005) and of particular importance is inter-team coordination (Dikert et al 2016). People 

issues are critical for the success of agile adoption. It is especially important for the 

management to support individuals by empowering them through reasonable goals, 

shorter feedback cycles, ownership and flexibility (Boehm and Turner 2005). In addition, 

software development is highly influenced by human factors, such as communication and 

culture, (Dyck and Majchrzak 2012) and this human factor also needs to influence the 

methodology chosen. In fact, emotional intelligence is of greater importance in agile than 

in waterfall phase-based methodologies.  If the agile team does not feel safe enough then 

team members may be reluctant to challenge the team’s estimations, or they may hide 

failures within the team (Luong et al. 2021). 

 

Larger organisations face extra challenges than smaller ones because they have more 

dependencies between projects and teams. This increases the need for formal 

documentation and therefore decreases agility. (Dikert et al. 2016) 

 

 

2.1.2 Working software over comprehensive documentation 

 

For agile to work best, the amount of specification needed to complete the project should 

be quite lightweight and the teams should be “learning teams'' (Dyck and Majchrzak 

2012), which means that the team organises and adapts its work as it progresses. This 

ability to master and embrace change is a core theme of the agile methodology. Any 

requirements, then, should be primarily functional and informal and should be written 

into the stories of the backlog (Boehm and Turner 2005). 

 

Agile is an iterative SW process with the specification and development phases being 

executed multiple times where the result of each iteration is working software 

(Ahimbisibwe et al. 2015) or as the agile manifesto states, “Working software over 

comprehensive documentation” (Beck et al. 2001).  After each iteration, there should be 

a learning process to help make the next iteration more efficient via adaptation based on 

feedback from the teams (Ahimbisibwe et al. 2015).  
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In large organisations one of the driving factors to move to agile is the problem related to 

requirements in waterfall projects.  For example, quite often ship dates are given and the 

software development has started even though only a small proportion of the requirements 

have been defined. In addition to this, requirements are often passed to the development 

teams at a high level, and it can be challenging to decompose them into stories at the start 

of the project or before it has begun.  Agile is a better way to manage projects under these 

circumstances via understanding the users’ needs (Lindvall et al. 2004).  

 

2.1.3 Customer collaboration over contract negotiation 

 

As stated above, agile does not give focus to documentation although some may be 

needed. As this applies to specifications too, the customer must be an integral part of the 

development team and they should steer the project contents. This means that the 

customer should be actively involved in the development process by providing the team 

with product requirements and giving feedback on the features delivered (Korkala 2015). 

Customer collaboration is a vital factor in the success of an agile project. Under agile, a 

lot more is demanded of the customer during the entire development cycle, such as help 

in writing user stories, discussing product features, prioritising the feature lists, and 

providing regular feedback to the development team every iteration (Hoda et al. 2010). 

One problem with large scale agile projects is, however, that it may cause users and other 

stakeholders to become distant from the development teams (Dikert et al. 2016). 

 

Therefore, agile projects should rely on deliberately vague formal written specificat ions 

because clear specifications cannot be written upfront. Instead, the specifications should 

come with close and active collaboration and communication with the customer. (ibid) 

Inadequate customer involvement can lead to problems in prioritising and clarifying 

requirements (Batra et al. 2017) and this lack of involvement is one of the biggest 

challenges organisations face (Hoda et al. 2010). It has also been shown in numerous 

studies that projects with technical customers who understand both SW and HW can 

greatly increase the success of the project (Ahimbisibwe et al. 2015). Customer 

collaboration may be the most important value of the agile manifesto (Batra et al. 2017). 

According to Tam et al. (2020), the most critical factors to ensure the success of an agile 

project are “team capability” and “customer involvement”.  
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This close customer collaboration is even a possibility in large organisations. Ericsson in 

their agile transformation reported that their development teams collaborate with 

customers on a regular basis. Development teams also involve the customer in demos and 

there are regular customer interactions which are encouraged and supported by the 

management. (Paasivaara et al. 2018) 

 

As a rule of thumb, large customers show a preference for waterfall ways of working and 

do not want to collaborate as agile customers (Hoda et al. 2010). A customer 

representative can also be used, but this representative must be effective in providing 

requirements and feedback. An ineffective representative was the leading reason for 

teams to want better customer collaboration (Hoda et al. 2010). 

 

2.1.4 Responding to change over following a plan 

 

Under agile, the customer is not promised so much certainty beyond the current iteration 

for given dates of functionality and the requirements/specification is done alongside the 

coding.  This contrasts with a waterfall project where developers are expected to plan a 

certain number of features for a set date.  This type of approach does not work under agile 

because the features will not be defined enough for a commitment on a delivery date to 

be made.  Programmers quite often do not know how to complete the entire task but will 

first work on a small part of it to find out what else needs to be done next. (Kovitz 2003).  

 

This is a key challenge for the management and the business side of a large-scale 

organisation.  The organisation must move away from life-cycle models and towards an 

iterative and feature centric model. This means that management should only plan short-

term.  This however causes a problem because the customer may expect a long- term 

roadmap. In order to solve this dilemma with agile, it would require different contract 

processes and educating the stakeholders on the new management and business model.  

Great care needs to be taken when customising the new business model.  A poor 

customisation of the agile processes will lead to a failure to achieve any real changes in 

the processes and mindset. (Dikert et al. 2016) This change needs to happen not only in 

the development teams but also in the business side too. This can be one of the challenges 
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and setbacks that prevents the development teams from being truly agile.  As one Manager 

at Ericsson said, “Product line management is still quite strongly in the waterfall world, 

that everything should be planned beforehand, and they expect that the feature they 

ordered will come out as such.” Actions to be taken to improve agility are things like 

involving the teams early on in the planning activities, such as feature investigation and 

studies (Paasivaara et al. 2018). 

 

 

In summary, for a project to be agile the following core characteristics must be present: 

 

1. The customer (or a customer representative) must be actively involved in the 

development process throughout the project lifecycle by providing the teams with 

iterative product requirements and giving iterative feedback on the features 

delivered. 

 

2. Accepting change and efficiently managing change. The customer is not promised 

too much certainty beyond the current iteration for given dates of functionality. 
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2.2 Waterfall 

The waterfall method was first proposed by Walker Royce in 1970 and then through trial 

and error it evolved into a robust practice (Harrison 2003). In this thesis, the definit ion 

of the waterfall model will be that of the seminal paper “Managing the Development of 

Large Software Systems” written by Royce (1970) and which is encapsulated below in 

its most basic form and with its most essential blocks: 

 

 

Figure 2. The waterfall model 

 

2.2.1 Iterations 

One often misunderstood aspect of the waterfall model is that each step must be done 

incrementally only once, and the customer gets the SW after step 5 in figure 2.  This is 

incorrect and this was highlighted by Royce too.  He stated that the second iteration of 
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the process should be delivered to the customer and that an iteration “is simply the entire 

process done in miniature, to a time scale that is relatively small with respect to the 

overall effort.” (Royce 1970).  Royce said that doing only one iteration is “risky and 

invites failure” and that by not doing iterations “one can expect up to a l00-percent  

overrun in schedule and/or costs.” (Royce 1970). The iterations main objectives “are all 

aimed at uncovering and solving problems before entering the test phase.” (Royce 1970). 

It is now widely accepted in the research community that the waterfall model due to the 

lack of iterations, does not cope well with change. It can lead to a lot of rework and due 

to late testing, will mean the SW quality will suffer.  There is also an additional problem 

of integrating an entire software system at the end and testing it. (Petersen et al. 2009) 

 

2.2.2 Customer relations 

According to Royce, it is essential to involve the customer during the project cycle. He 

even has a step in his paper dedicated to this.  In that step, Royce (1970) writes that it is 

“important to involve the customer in a formal way so that he has committed himself at 

earlier points before final delivery. To give the contractor free rein between requirement 

definition and operation is inviting trouble.”.  However, he indicates that the customer 

should be involved in the requirements, analysis and testing stages but absent during the 

development. This is a key difference from the agile approach. 

Since the customer is not involved during the development cycle, this forces projects to 

put more emphasis on documentation than on communication. For the customer, the 

project may be a black box until final delivery, and this forces another consequence in 

that the contract takes priority over collaboration. (Lundheim 2012)  

2.2.3 Requirements 

The waterfall model expects requirements upfront, and therefore does well in situations 

where the future requirements are predictable. In fact, the most important methodologica l 

need for the waterfall model is to identify user requirements accurately (Kramer 2018). 

However, this does not mean that the waterfall model cannot respond to change. Change 

can be incorporated if the SW architecture anticipates and accommodates changes. In this 
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respect, the ability to respond to change moves into the hands of the technical team as 

opposed to management. Walker Royce provided a good example of such an effort in his 

description of the CCPDSR project.9. He said that architectural design is of critical 

importance because “20 percent of the problems causing 80 percent of the rework came 

largely from “architecture-breakers,” such as architecture discontinuities to 

accommodate performance, fault-tolerance, or security problems” (Boehm 2002).  

One advantage of the waterfall model is that it will pay attention to the architecture and 

structure in detail which is critical when considering large software systems (Petersen et 

al. 2009).  If this detail is considered and the architecture can anticipate change then the 

waterfall model can deliver a million lines of code application on budget and within 

schedule (Van Casteren 2017).  

These early requirements processed up front may be huge and can mean they are hard to 

process.  Consequently, the needs of the customer may not be considered at the end of the 

project (Petersen et al. 2009). However, the changing requirements during a project may 

not be as disastrous as the literature states. One reason is that at the start of the project 

only rudimentary requirements will be needed to give the end user some ideas of what is 

expected.  During the development stage, there is still room for the requirements to be 

refined through several iterations. One reason for this discrepancy is that the literature 

does not fully represent reality (Ruël et al. 2010). 

2.2.4 Documentation  

Royce makes it quite clear that in his view there needs to be heavy documentation for SW 

projects for them to succeed.  He writes, “it is appropriate to raise the issue of - " how 

much documentation?" My own view is "quite a lot;" certainly more than most 

programmers, analysts, or program designers are willing to do if left to their own devices. 

The first rule of managing software development is ruthless enforcement of 

documentation requirements.” (Royce 1970).  The documentation has much more 

importance in the waterfall mode than agile for the reasons discussed in chapter 2.2.3. 

The documentation is the specification and design in the early stages before development 

begins. (Royce 1970).  
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The heavy use of documentation in a waterfall project is a cause for high costs and efforts 

for the project (Petersen et al. 2009). However, as said in chapter 2.2.2, it is lack of 

customer collaboration that forces such a need for heavy documentation (Lundhe im 

2012). 

2.2.5 Waterfall core values 

In summary, for a project to be considered waterfall, the following core characteristics 

must be present: 

 

1. The process is sequential (even if many iterations/prototypes are used). 

2. The sequential process of waterfall means that the requirements must be known 

upfront so that the other sequence blocks can start. 

3. The customer is most involved during the requirements and testing phases. 

4. Heavy documentation is required. 
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2.3 Agile and waterfall summary 

The core values outlined above show that while both methodologies take different 

approaches to SW development, it is important to remember that they share the same end 

goal, which is to create quality SW.  

 

Figure 3. The Iron Triangle 

 

One distinction to note however, is that while both strive for quality, agile places its 

emphasis on delivering SW every iteration with a given team. It therefore means that the 

schedule/resources are fixed, but in order to deliver some working SW in that iteration, 

the development team will need to adjust the scope of the feature.  Under waterfall, the 

requirements are written before the development teams start work, so the scope is fixed 

and then the resources needed, and schedules are estimated around that, as shown in figure 

3 above. 

It is also important to note that agile and waterfall should be considered in the same way 

as, say, Communism and Capitalism, in that both are idealised theories. However, just as 

there has never been an entirely Capitalist or Communist country, there has most likely 

never been a completely agile or waterfall project; but projects will fall somewhere in 

between the two on the planning spectrum. 
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The core principles of the methodologies are summarised in table 2 below. 

Table 2. Core characteristics of agile and waterfall. 

Core Characteristic Agile Waterfall 

Customer Relations Very close co-operation 
throughout the project. 
Customer is part of the team 

Co-operation needed in 
the requirements and 
testing phases. 

Requirements Gather every iteration via 

feedback from the customer 
on work done. 

Gathered before 

development begins for 
the entire project. 

Change Management Each iteration via customer 

feedback. 

Considered in the SW 

architecture as the 
requirements are gathered.  

Development Cycle Short iterations, e.g., 2-4 

weeks with customer 
feedback on work done. 

Long or only 1 iteration 

total. Phases are always 
sequential. Customer 
Feedback comes when 

testing at the earliest or 
after SW release. 

Schedule An iteration schedule is 

fixed but when the number 
of iterations needed to 
deliver the feature is 

flexible. 

Entire feature is planned 

with an estimated end 
date. 

Project Scope Flexible per iteration Fixed 

Documentation Light weight Comprehensive 

Testing Partial features every 

iteration 

Whole feature is tested at 

the end of the 
development. 
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3 CRITICAL SUCCESS FACTORS IN SOFTWARE 

DEVELOPMENT 

CSFs are the project characteristics that are the most critical to be executed well for an 

organisation to be successful (Gates 2010). The CSFs in this thesis will be ranked via 

meta-analysis by how often they have been cited by the selected research papers listed in 

table 1 of chapter 1.2.  The rankings will be provided for waterfall and agile. Some papers 

ranked agile and waterfall together under one ranking system and these values were not 

used in this thesis’ rankings, but the factors described in those papers were used to 

validate if the CSFs had support within the research community. As CSFs are not 

commonly defined and each paper may have used a different term, the most suitable term 

was selected so that all the CSFs could be unified. This mapping of the terminologies is 

shown in tables 3-6 in this chapter. The CSFs are defined in this chapter to provide clarity 

not only for their meaning but also for their intended use in context of software 

development. 

3.1 The CSF classification 

In order to have a unified way to classify the CSFs that were written about in the articles 

chosen in table 1 in chapter 1.2, a review of the existing CSFs was done.  

The CSF classification used in this thesis is the one defined by Ahimbisibwe et al. (2015). 

All the articles in table 1 of chapter 1.2 were considered as alternative classifica t ion 

candidates. The reasons why this classification was chosen were: 

1. The classification system used is broad in scope and has considered both agile and 

waterfall. 

2. The CSFs are split across multiple dimensions and within each dimension there 

are many factors. 

3. One other paper in the literature review has used the same classification (Garousi 

et al. 2018), so there is support for this system among the research community.  
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3.2 Determining the critical success factors 

The CSFs were built by first mapping the CSF rankings given in the articles of table 1 to 

that of Ahimbisibwe et al. (2015).  The details of this process can be seen in the appendix 

2.  If the CSF was considered the most important, it was given a value of 1 and the least 

important a value of 27.  In some articles, many fewer than 27 CSFs were suggested 

which prevented the CSF table used in this thesis from being fully filled, as in the case 

of Chow (2008) where only six CSFs are suggested. In cases where the selected article 

did not consider one of our CSFs as worthy to mention, it was simply given a value of 

one higher than the number of CSFs in the selected article. In the case of Chow (2008), 

this would have meant a value of 7.  This value was chosen so it was out of the range of 

any of the other weights in the selected article and therefore is used to indicate that the 

selected article considered it to be of little importance. It should be noted however that 

some articles had a different focus and may not have considered a particular CSF for that 

reason.   

If a particular article is only considered agile, a value is not given for the waterfall column 

and vice versa in table 7 in chapter 3.3.  Therefore, that CSF would have no impact on 

the CSFs in this thesis for that methodology.  Using meta-analysis, the weight values were 

then all combined into one table which gives the overall CSFs for the research articles. 

These are outlined in table 7 in chapter 3.3.  

In situations where two or more CSFs from an article mapped to only one CSF in table 7, 

then the lowest valued CSF from the article was used. 

The CSFs are grouped into four dimensions, organisational, team, customer and project. 

Inside each dimension are several factors and these are explained in the next four sub-

chapters.  
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2.2.6 Organisational factors 

These are influences which are external to the project, but as the project is carried out in 

an organisation, the organisational structure will affect the project success. Examples of 

this would be organisational processes which the project must abide by.  If, for example, 

a project was agile, but the organisational processes had a high degree of “monitoring and 

control”, then this would cause the agile methodologies to suffer and reduce an agile 

project's success. The following factors belong to this dimension: 

Top level management support - This is considered a primary CSF as it influences other 

CSFs. This CSF focuses on management commitment to the project (Ahimbisibwe et al. 

2015). Top level management may mean the “whole Board of Directors or the CEO, 

CFO, CIO, and so forth, who influenced the decision making” (Pedersen 2013). This 

definition is slightly extended by (Iriarte and Bayona 2020) to include the sponsor, who 

is actively involved in the project. 

Organisational culture - This includes aspects such as the risk-taking attitude and the 

culture of teamwork, flexibility, trust and social interactions (Ahimbisibwe et al. 2015; 

Aldahmash et al. 2017).  In Chow’s paper (2008), which is dedicated to agile, he says that 

this factor is an “agile-friendly project team environment”.  This is similar in other papers 

too, where for instance Aldahmash, A et al (2017) say that culture is a “set of 

organisation’s factors or variables which may influence the development of agile 

software in an organisation”. Either way, there was agreement by the papers that the 

organisational culture should match the methodology to increase the success of a project.  

Level of project planning – This refers to the amount of planning and control processes 

that must be used in the project (Ahimbisibwe et al. 2015; Garousi et al. 2018), the 

outcome of this would be linked to a realistic schedule and budget (Ahimbisibwe et al. 

2015; Garousi et al. 2018; Nasir 2011).  Yahya (2017) refines this further to add that the 

resources should be realistically estimated too.  

Leadership – This has to do with the management style.  For example, are they willing 

to take risks? Is it top down and commanding? (Ahimbisibwe et al. 2015). Aldahmash et 

al. (2017) and Yahya (2017) say that leadership is effective project management skills 

applied by the project manager.  
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Vision and mission – This is about the amount of clarity on the why and what of the 

project (Ahimbisibwe et al. 2015), for example, clear objectives and goals (Aldahmash et 

al. 2017). 

Monitoring and control - This could include the need for up-to-date progress reporting 

and tracking of the project (Aldahmash et al. 2017; Pedersen 2013; Sudhakar 2012; 

Garousi et al. 2018). Yahya (2017) states that it includes the active and continuous 

updates of the project plan. 

Change management skills – This refers to the ability of the organisation to prepare, 

support, and help individuals, teams, and organisations in making organisational and 

technical changes which deviate from the original plan (Pedersen 2013). None of the other 

papers were so clear on their definition of this factor. 
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Table 3. Organisational CSF mapping. 

Thesis CSFs  Chow 

2008 
Nasir 

2011 Pedersen 2013 

Sudhakar 

2012 

Ahimbisibwe 

2015 

Abdullah 

2017 Yahya 2017 Garousi 2018 Carmen 2020 

Noteboom 

2021 

Top-level management 

support  

Support 

from 

top 

manage

ment 

Committed 

sponsor or a 

committed 

organisation 

manager 

Top 

management 

support 

Top-level 

management 

support 

Top 

management 

support  

Top-level 

management 

support 

Top 

management 

support 

Management 

buy-in 

Organisational culture 

Team 

environmen

t  

cooperative 

culture instead of 

hierarchical 

Organisational 

politics 

Organisational 

culture 

Organisational 

culture  

Organisational 

culture 

Organisation 

Culture 

 

Level of project 

planning  

Realisti

c 

schedul

e 

Project honoured 

regular working 

schedule 

Project 

planning 

Level of project 

planning  

Good 

Estimation 

Level of project 

planning 

Effective use 

of Planning 

Dynamic 

product 

definition and 

effort 

estimation 

Leadership  

Effectiv

e 

project 

manage

ment 

skills 

Agile Project 

Management 

style Leadership Leadership  

Skilled 

Project 

Manager Leadership 

Effective use 

of Project 

Management 

Leadership 

Vision and mission  

Clear 

objectiv

es and 

goals 

Well defined 

project scope and 

objectives 

Clear project 

goal 

Vision and 

mission  

Goal and 

Objectives 

Vision and 

mission 

Project 

objectives 

clarity 
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Monitoring and 

controlling 

Project 

managemen

t process  

Agile Friendly 

progress tracking 

mechanism 

Project control 

mechanisms 

Monitoring and 

controlling  

Project 

Monitoring 

Monitoring and 

controlling 

Metrics clarity 

/definitions 
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2.2.7 Team factors 

In this dimension are factors which are used to determine how well the team working on 

the project affects its success. The organisation and management can affect these factors 

through who they hire and the project processes they implement.  

Project team commitment – This factor deals with questions like, how loyal and willing 

are the team in devoting their time and energy to the project (Ahimbisibwe et al. 2015). 

How likely is a team member to quit the project or if project team members have great 

motivation? How committed are the team to the project success (Pedersen 2013; Yahya, 

2017; Noteboom 2021). 

Internal project communication – This includes the practices that increase information 

exchange and cohesion among stakeholders and development team members 

(Ahimbisibwe et al. 2015; Nasir 2011; Noteboom 2021). Yahya (2017) defines this CSF 

as open and transparent communication so that the team members understand their 

objectives and roles. 

Project team empowerment – This factor means that the team can act without much 

external control or coercion.  Achieved by the servant leadership found in agile where the 

ideal is small cross-functional, self-managed teams. (Noteboom 2021) It is also an 

environment created by the project management to allow for local decision making and 

autonomy (Pedersen 2013). 

Project team’s composition – This refers to the overall mix of characteristics among 

people in a team.  In the papers, team size and co-location are stressed (Noteboom 2021; 

Pedersen 2013).  

Project team’s experience with the task – This includes the ability to work with 

uncertain objectives and the amount of experience the team has had with the task 

(Ahimbisibwe et al. 2015). Aldahmash (2017) defines this generally as “skilled and 

sufficient staff’” and Pedersen (2013) as “High technical competence and expertise team 

members”.  However, the general terms seem to relate to technical experience. Noteboom 
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(2021) calls it “work distribution among team members” but includes tasks like the ability 

to discover technical dependencies and understand the complexities of a task. 

Project team’s general expertise  – This includes the ability to work with management; 

the ability to work effectively as a team; the ability to understand the human implicat ions 

of a new system; and the ability to carry out tasks effectively (technically). (Jiang and 

Klein, 2000) 

Lack of development team skill – Iriarte and Bayona (2020) refers to this as the 

knowledge of soft skills or people skills the team does not have. 

Project team’s experience with software development methodologies (SDM) – This 

has to do with how well the team understands agile, waterfall and software development 

methodologies (Garousi et al. 2018). 
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Table 4. Team CSF mapping 

Thesis CSFs  

Chow 

2008 Nasir 2011 Pedersen 2013 Sudhakar 2012 

Ahimbisibwe 

2015 Abdullah 2017 Yahya 2017 Garousi 2018 Carmen 2020 Noteboom 2021 

Project team 

commitment  

Committed 

and 

motivated 

team 

Project team members 

had great motivation 

and were committed to 

the project success  

Project team 

commitment  

Committed and 

motivated team 

Project team 

commitment 

Team members 

involvement 

Dedicated and 

available teams 

Internal 

project 

communicatio

n  

Effective 

communicat

ion and 

feedback 

Strong communication 

focus and rigours 

communication 

schedule 

Communication 

in project 

Internal project 

communication Communication 

Internal 

communication 

Internal project 

communication 

Team members 

communication 

Collaboration and 

communication 

Project team 

empowerment   

Worked in coherent, 

self-organising 

teamwork manner  

Project team 

empowerment   

Project team 

empowerment 

Team members 

empowerment  

project team's 

composition  

Clear 

assignments 

of roles and 

responsibilit

ies 

Project team was 

collocated Teamwork 

project team's 

composition   

project team's 

composition 

Project 

organisation 

structure and 

responsibilities Team Size 

project team's 

expertise with 

the task 

Team 

capabili

ty  

High technical 

competence and 

expertise team 

members 

Team 

capability/comp

etence 

project team's 

expertise with 

the task  Skilled Teams 

project team's 

expertise with 

the task 

Team members 

skills 

Work distribution 

amongst team 

members 

Project team's 

general 

expertise    

Select right 

project team 

Project team's 

general 

expertise 

Team capability 

and training  

Project team's 

general 

expertise 

Team members 

capability Team expertise 

Lack of 

development  

Skilled and 

sufficient 

Provided appropriate 

technical training to 

Technical 

implementation 

Lack of 

development   

Lack of 

development 

Team members 

competencies  
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team skill staff team Problems team skill team skill 

Project team's 

experience 

with SDM 

Agile 

SW 

enginee

ring 

techniq

ues  

Project management 

was knowledgeable in 

agile principles and 

processes 

Project 

manager’s 

competence 

Project team's 

experience with 

SDM   

Project team's 

experience with 

SDM 

Agile 

methodology 

Knowledge  
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2.2.8 Customer factors 

This dimension focuses on how the customer or client of a project will impact the success  

of the project. These are factors external to the organisation and in many cases the 

organisation or management will not be able to directly control them. They may be able 

to influence them by promoting the benefits of close collaboration or by the way they 

communicate and interact with the customer. 

User participation – This is the commitment of the user to participate throughout the 

project lifecycle (Ahimbisibwe et al. 2015; Iriarte and Bayona 2020) or more generally 

“Strong customer commitment and presence” (Aldahmash et al. 2017; Pedersen 2013) 

User support – This is the commitment of the user to provide full-time support for the 

project team from the initial specification phase to the end and the incorporation of the 

user's viewpoint into the project (Ahimbisibwe et al. 2015; Iriarte and Bayona 2020). 

Customer training and education – This includes customers who have an acceptable 

level of basic education or training in IT can easily explain their requirements and needs 

in a clear form (Ahimbisibwe et al. 2015). 

Customer experience – Noteboom (2021) describes this as acceptance criteria but then 

defines it as how satisfied the customer is with the project and involves gathering 

feedback via modelling and interviews. Pedersen (2013) says it is good relations with the 

customer. None of the other papers describe customer experience in detail but the 

definition is assumed. For example, this CSF is classed simply as “customer experience” 

by e.g. (Ahimbisibwe et al. 2015; Garousi et al. 2018).  Therefore, this thesis develops 

this CSF by using a definition used elsewhere. Customer experience, also known as CX, 

is your customers' holistic perception of their experience with your business or brand. CX 

is the result of every interaction a customer has with your business, from navigating the 

website to talking to customer service and receiving the product/service they bought from 

you. (Px Insights 2022) 
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Lack of end user experience  - The user experience (UX or UE) is how a user interacts 

with and experiences a product, system or service. It includes a person's perceptions of 

utility, ease of use, and efficiency (Wikimedia 2022).  None of the articles in table 1 

describe or mention this CSF beyond giving it as a CSF in their ranking. 
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Table 5. Customer CSF mapping

Thesis CSFs  Chow 2008 Nasir 2011 Pedersen 2013 

Sudhakar 

2012 

Ahimbisibwe 

2015 

Abdullah 

2017 Yahya 2017 Garousi 2018 Carmen 2020 

Noteboom 

2021 

User 

participation 

Customer 

involvement 

User/client 

involvement 

Strong customer commitment 

and presence 

User 

involvement 

User 

participation 

Customer 

involvement  

User 

participation 

User 

Involvement  

User support   

Customer representative had 

full authority and knowledge 

to make decisions on-site  User support   User support User Support  

Customer 

training and 

education  

End-user 

training 

provision   

Customer 

training and 

education   

Customer 

training and 

education User training  

Customer 

experience   

Good relationship with the 

customer 

Customer 

involvement 

Customer 

experience   

Customer 

experience  

Acceptance 

criteria 

Lack of end 

user 

experience    

Client 

acceptance 

Lack of end 

user experience   

Lack of end 

user experience 

User 

capability  
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2.2.9 Project factors 

These are factors that are specific to the project. They are mainly outside of the 

management decision making.  For example, bringing new hardware and software will 

mean the project has a high degree of technological uncertainty, size and complexity. The 

best the management can do is to control the risks. The development methodology may 

be chosen, but that too, depends on the customer of the project. 

Technological uncertainty – This is the use of unfamiliar technologies. Project 

management issues surrounding complexity and hence lack of predictability 

(Ahimbisibwe et al. 2015). Other papers do not detail this factor, for example (Sudhakar 

2012) simply leaves it as “Technical uncertainty”. 

Development methodologies – This factor describes how the project is developed and 

released, waterfall, agile etc. (Ahimbisibwe et al. 2015).  This also includes the delivery 

strategy, for example how often is the code released and the priority order of features 

(Abdullah et al. 2017, Chow 2008). 

Project complexity – This refers to challenges in determining project goals and 

objectives.  It not only refers to the technical system being developed but also the 

interactions of the people, organisation and the environment (Iriarte and Bayona 2020).  

Urgency – Pedersen (2013) describes this as “Delivered most important features first”.  

Ahimbisibwe et al. (2015) and Garousi (2018) link urgency to the time needed to deliver 

the feature and note that urgency constrains uncertainty because of the limited amount of 

time to make decisions. 

Relative project size - Only Ahimbisibwe et al. (2015) and Garousi (2018) mention this 

CSF.  Their papers do not describe it in detail, but the CSF is understood in this thesis to 

mean the project in terms of people needed to complete it. 

Specification changes – This refers to the absence of client knowledge and understanding 

of requirements or the absence of development experience and expertise within a specific 
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application area of the development team makes it difficult to define complete, 

unambiguous or consistent requirements (Ahimbisibwe et al. 2015). It is also stated 

simply as “the fluidity of product definitions” (Noteboom 2021) 

Project criticality - Only Ahimbisibwe et al. (2015) and Garousi (2018) mention this 

CSF.  Their papers do not describe it in detail, but the CSF is understood in this thesis to 

mean the project in terms of how important it is to the company. 
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Table 6. Project CSF mapping. 

Thesis CSFs  

Chow 

2008 Nasir 2011 Pedersen 2013 

Sudhakar 

2012 Ahimbisibwe 2015 Abdullah 2017 Yahya 2017 Garousi 2018 Carmen 2020 Noteboom 2021 

Technological 

uncertainty  

Frozen 

requirement 

Well defined 

scope upfront  

Technical 

uncertainty 

Technological 

uncertainty   

Technological 

uncertainty  

Dynamic product 

definition and effort 

estimation 

Development 

methodologies 

Deliver

y 

strategy 

Familiarity 

with tech 

development 

methodology 

Agile 

orientated 

configuration 

management 

process  

Development 

methodologies 

Delivery 

strategy/ Agile 

development 

techniques  

Development 

methodologies   

Project 

complexity  

Complexity, 

project size, 

duration, 

number of 

organisations 

involved 

Pursued 

vigorous 

refactoring 

activities 

Technical 

tasks Project complexity   

Project 

complexity 

Ability to 

handle size and 

complexity  

Urgency   

Delivered most 

important 

features first  Urgency   Urgency   

Relative 

project size     Relative project size   

Relative project 

size   

Specification 

changes  

Clear 

requirements 

and 

specifications 

Well defined 

scope upfront 

with solid 

requirements 

Accuracy/Reli

ability of 

output 

Specification 

changes   

Specification 

changes 

Scope and 

requirements 

clarity Frequent Changes 

Project 

criticality   

Project nature 

was a non-life 

critical SW 

project  Project criticality   Project criticality   
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Technological 

uncertainty  

Frozen 

requirement 

Well defined 

scope upfront 

with solid 

requirements 

Technical 

uncertainty 

Technological 

uncertainty   

Technological 

uncertainty  

Dynamic product 

definition and effort 

estimation 



42 

3.3 The overall critical success factors 

In this subchapter all the research article CSFs have been combined into one table which 

shows a broad view of the CSFs for the software industry. The values for each individua l 

paper are shown in the appendix 2. 

The table should be read so that the lower the CSF value is, the more important it is for 

the success of a project using the given software methodology. Where 1 is the most 

important and 27 the least important. 

Table 7. This thesis’ CSFs based on meta-analysis of 10 research papers. 

Category CSFs Agile Waterfall 

Organisational 

Factors Top-level management support 2 1 

 Organisational culture 8 5 

 Level of project planning 17 3 

 Leadership 10 15 

 Vision and mission 16 12 

 Monitoring and controlling 23 13 

 Change management skills 19 2 

Team Factors Project team commitment 20 6 

 Internal project communication 12 22 

 Project team empowerment 13 16 

 project team's composition 15 19 

 project team's expertise with the task 3 23 

 Project team's general expertise 26 17 

 Lack of development team skill 11 10 

 Project team's experience with SDM 14 11 

Customer factors User participation 1 9 

 User support 21 14 

 Customer training and education 24 24 

 Customer experience 6 8 

 Lack of end user experience 22 27 

Project Factors Technological uncertainty 9 26 
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 Development methodologies 7 21 

 Project complexity 5 7 

 Urgency 18 4 

 Relative project size 25 25 

 Specification changes 4 18 

 Project criticality 27 20 

 

This table will be elaborated and analysed further in chapter 4.1 in conjunction with table 

2 from chapter 2.3 and the general analysis of the software methodologies. In chapter 4, 

the data from table 7 above and analysis in the previous chapters have been used to make 

a foundation for building up a framework which project managers can use as a guide in 

selecting a software methodology.   
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4 FRAMEWORK FOR SELECTING A SOFTWARE 

DEVELOPMENT METHODOLOGY 

There will always be a place for both agile and waterfall methodologies and both sit on 

the planning spectrum in which one clearly works best with a certain set of project 

characteristics where the other would struggle.  A hybrid methodology may work best as 

most projects will have certain project characteristics which do not fully conform to either 

agile or the waterfall model (Boehm 2002).  As table 7 on the previous page demonstrated, 

certain projects will more successful under waterfall if their project characterist ics 

encompass certain success factors. By analysing those factors, it is possible to make some 

selection criteria to determine when it is more appropriate to choose one or other of the 

software methodologies. 

4.1 How to choose a software development methodology 
 

With the understanding of what agile and waterfall software methodologies need at that 

core to be functional (this was given in table 2 in chapter 2.3) as well as the CSFs for each 

methodology (table 7, previous page), it can now be explored what is considered 

important for selecting a software methodology from the point of view of the project 

manager.  

In order to achieve this aim, this chapter has used the data collected in tables 2 and 7 as 

well as using the research papers to determine when one methodology would do better 

than the other. First, an analysis of the findings from table 7 was conducted. 

4.1.1 Organisational factors 

The most important factor for both agile and waterfall methodologies in this dimension 

is “top level management support”. This is also supported by papers which looked 

specifically into this area (Karvonen et al. 2018; Hoda et al. 2011). The reason for this is 

that management support influences the organisational culture which in turn influences 

the adaptation of a particular software methodology.  
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“Organisational culture” is the second most important factor for agile in this dimension 

and based on (Karvonen et al. 2018; Hoda et al. 2011) the first heavily impacts the second.  

Therefore, a project should only switch to using a new methodology when it has the full 

backing and support from upper management. This is more important in agile than 

waterfall as many companies are moving away from waterfall into agile. It therefore 

means that it is more likely that the culture in the organisation may not support new more 

decentralised, team empowered modes of project planning, which is more likely to lead 

to failure in an agile project (Aldahmash et al. 2017).  Culture is an important constraint 

for agile as the iterative approach may not suit the existing planning, leadership and 

hierarchical structures of the organisation (Thesing et al. 2021). 

In fact, agile is not suitable for organisations which are hierarchical (Iivari and Huisman 

2007). If an organisation has bureaucratic processes and structures, which focus on 

monitoring and controlling, then a waterfall methodology should be used. Agile is more 

suited to organisations which emphasise team empowerment of the project teams and 

support informal types of communication. (Ahimbisibwe et al. 2015). 

 

“Leadership” is the third most important aspect for agile and based on table 2 the 

requirements in an agile project will not be fixed nor will the number of iterations needed 

to complete the project. It therefore requires that the leadership is flexible and is willing 

to take risks in order to deal with the uncertainty.  It requires that the top management 

support a culture in which the teams are self-organising and in which there are few 

command and control structures in place. This is also supported by the fact that the 

“monitoring and control” is ranked quite low and “project team’s experience with a task” 

is ranked so high for agile to succeed. Cockburn and Highsmith (2001) say that the 

leadership of an agile team is collaborative with the customer where a waterfall project 

will focus on schedules, costs and contract details. Leadership is the least important aspect 

as an organisation factor for waterfall projects. This is in part due to the “monitoring and 

control” aspect where the project will be led and put back on course if any deviations 

occur. 

The “level of project planning”, however, is important as a success factor for waterfall 

projects but ranks only in the middle for agile. This aligns with table 2 in that a waterfall 

project will need to be planned entirely at the start with a given end date and cost. This 
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also relates to the importance of “change management” for a waterfall project which is 

the second most important CSF.  As can be seen from table 2, waterfall projects manage 

uncertainty in their SW architecture and if any uncertainty is realised during the project 

development, then it may be necessary for the SW design to be modified as quickly as 

possible for the project to succeed.  

“Vision and mission” are both considered as average for both methodologies but more 

important for waterfall projects. This is because agile has uncertainty as part of its nature 

and because long term roadmaps are not so necessary, which may mean that a long- term 

vision may not be as critical as it would be under a waterfall project. 

4.1.2 Team factors 

It is surprising that “team commitment” for agile has been ranked so low. The reason is 

that the Pedersen’s paper (2013) ranked it very low, which affected the overall results.  

Pedersen says that high performance teams are not to be evaluated by motivation and 

commitment but by how many features they deliver on time.  According to that research 

paper, there was no correlation between committed teams and agile project success but 

there was a slight correlation with waterfall methodologies. In fact, for waterfall projects 

then team commitment is the most important CSF in this dimension. 

The most important aspect for agile in this dimension was the “team’s expertise with the 

task” (this was explained earlier), and the reason is because the team is expected to be 

self-organising. This is critical for agile because agile philosophy encourages cross-

functional teams. This cross-functionality inside the development team is what will give 

the team the competency to respond quickly to changing requirements. (Nerur and 

Balijepally 2007) As stated in chapter one, this fits with the first agile principle that treats 

people as individuals and puts focus on individual competency as critical success for a 

project.  It emphasises that if you have good people then the process is not so critical, this 

can be summed up with the phrase, “people trump processes” (Cockburn and Highsmith 

2001). 

“Internal project communication” is far more important for agile than waterfall.  

Ahimbisibwe et al. (2015) suggest that this may be due to the inherent uncertainty that is 

a core characteristic of an agile project.  Agile also has short, frequent and constant 
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iterations and feedback loops.  For example, in the form of retrospections and daily stand-

ups, we would therefore expect communication to be of greater weight to an agile project.  

“Project team empowerment” is more important for an agile project and this is again due 

to the self-organising leadership style that is expected of an agile team. Agile teams 

should be expected to execute with little outside control and so they need the authority to 

execute their own plans as they see best. Doing this will lead to high levels of trust and 

will ultimately result in success on the agility journey (Aldahmash et al. 2017). 

“Project team composition” is more critical to success in an agile project and the reasons 

may lay again with the team being more central to the planning.  As the team needs to be 

cross functional and self-organising, the team will need to make sure that it has a broad 

range of technical skills and softer skills like scrum master.  Team composition is still 

important under waterfall planning, too, as the team will still need to deal with a variety 

of technical problems, but it is a little less important. 

“General team expertise”, which includes tasks like the ability to work with management 

is the least second important CSF for agile but is considered much more important under 

a waterfall methodology.  This was surprising because a part of general expertise is the 

ability to work as a team.  However, these findings are also in line with those found by 

Ahimbisibwe et al. (2015). One explanation may be the fact that self-organising teams 

will need less outside communication with upper management as they will have the skills 

and authority to execute on their own and hence the greater importance in agile on the 

team’s expertise and internal communication.  

“Lack of team development skills” was considered equally important for both 

methodologies.  This is not surprising, as these skills involve tasks like emotiona l 

intelligence, problem solving, listening, and organising. These tasks can be transferred 

between the methodologies. 

Agile places more importance on the “project team’s experience with software 

development methodologies” factor.  This may be because organisations may be moving 

from waterfall to agile and many teams may not understand agile as well as waterfall 

methodologies.  It may be more critical for agile also because the team may fail to execute 
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agile correctly, especially if the organisation does not execute it correctly.  This may cause 

a problem where the team key aspects of agile like frequent interaction with the customer 

may be omitted from the teams’ way of working altogether.  

4.1.3 Customer factors 

“User participation” is the most important CSF for an agile project and this fits with the 

empirical research of Hoda (2010).  As stated in chapter 2.1.3, Customer collaboration 

may be the most important value of the agile manifesto (Batra et al. 2017). Essentia lly, 

you cannot do agile if the team does not interact with the customer.  This is because the 

requirements in an agile project are not known upfront but instead come with frequent 

discussion and feedback with the customer.  Waterfall methodologies still need user 

participation, but it is only needed at the requirements gathering stage. Without this 

constant collaboration in agile, it will mean that the team is forced to get the requirements 

upfront or as bugs when testing with the customer.  They have then basically entered the 

waterfall methodology. 

“User support”, on the other hand is more important for waterfall. This was a surprise 

but aligns with the findings of Ahimbisibwe et al. (2015). The reason may be in the testing 

and early specification support.  Waterfall projects are not void of user support and they 

are critical especially in gathering the upfront requirements. If these are wrong, the 

misalignments may not become apparent until the deployment to the customer. 

“Customer training and education” are equally unimportant to both methodologies in 

context of the other CSFs.  This of course does not mean it is unimportant overall for a 

project, but that lacking this would not be a major factor in a project failure with either 

methodology compared to the other factors. 

Both “customer and end user experience” are important for both methodologies but are 

considered more critical for agile. As agile depends more on the feedback of the users, 

this is what would be expected. 
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4.1.4 Project factors 

“Technological uncertainty” is more suited by far to agile projects. In fact, 

“technological uncertainty” is very likely to reduce the success of a project which uses a 

waterfall methodology. This is in line with the theory, since the waterfall approach 

handles the uncertainty in the architecture and this will be difficult to constantly adapt, 

let alone adapt on a large scale, if the requirements are radically different.  

The “team’s knowledge of the development methodology” that is used is more critical 

under agile as the team is expected to contribute more to the planning and execution. In 

fact, it is essential that the terminology, tools and methods are clear to the project team 

for agile success. (Aldahmash et al. 2017) 

If a project is complex, then it is more suited to agile than waterfall.  This is to be expected, 

as agile projects will build up and test the complex project in small simple chunks which 

will be tested and reviewed by the customer as the project is being developed. 

“Urgency” is not something that is critical for an agile project but is very important for a 

waterfall project. This is due to the fact waterfall projects have fixed deadlines, and an 

urgent project may equate to a high priority project.  This will mean it will be easier for 

the project manager to get the required resources. 

The “size of the project” is not very critical for any methodology. This may be because a 

small project does not mean it is less complex or less likely to be vulnerable to 

uncertainty. However, empirical evidence suggests that a large project is more likely to 

fail than a small one, especially so for agile (Ahimbisibwe et al. 2015). Therefore, this or 

any CSF should not be understood as not being critical, it is, hence why it is a CSF.  It 

needs to be in understood in context of the other CSF, in that while critical it is not as 

critical as the others. 

The “Specification changes” CSF is what the factor was called in the (Ahimbisibwe et 

al. 2015) paper.  In that paper, this referred to the number of changes expected in a 

project’s specification.  However, many other papers like Nasir (2011) and Pedersen 

(2013) took the opposite approach and classed the factor as “clear requirements”. This 

meant that the CSF value for those papers was reversed because one looked at how much 
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the requirements would not change and the other at how much they would.  From the data 

that was collected, it was clear that if a project expects a lot of specification changes, agile 

has a higher probability of being successful. This was also aligned with the theory. 

Specification changes is one of the reasons agile was developed in the first place and was 

designed to handle such a use case as stated earlier in the thesis. 

If a project’s future can be predicted then waterfall management methodologies should 

be used and if not, agile is the best option (Ahimbisibwe et al. 2015). However, with the 

agile methodology, the future may not be predictable. That needs to be compensated for 

by having a highly competent team with a high amount of tacit knowledge to drive the 

needed changes and who can use their knowledge to implement the architecture at a level 

where changes can be easily pushed into the code base (Boehm 2002).  

 

“Project critically” was not that important for either methodology, but a waterfall project 

is more likely to benefit from this success factor. Ahimbisibwe et al. (2015) writes that 

this may be because critical projects may demand a more plan-based approach to ensure 

that all the specifications are accounted for.  

4.2 Software development methodology selection criteria 

The CSFs findings presented in chapter 3.3 and the pervious analysis of chapter 4.1 are 

to be used as a guide for selecting a software methodology, but only when both 

methodologies are an option.  However, a project manager cannot just decide to be agile 

as there are factors outside of the project managers’ control which depend on the customer 

or organisational structure/culture.  

A project will not succeed as agile if: 

 

1. There is no support for becoming agile from the upper management or 

customers. 

 

2. There is insufficient understanding of agile from the upper management or 

customer. Therefore, what they support is not agile. (This is essentially the same 
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problem as point 1). 

 

3. There is no frequent committed collaboration between the customer/(empowered 

customer representative) and the development teams.  (This is a consequence of 

points 1 and 2) 

If any of the above principles apply, agile will not work and a waterfall methodology 

must be applied. In all other cases, agile may be the best option, but then the project 

manager must evaluate other CSFs within their control, like how skilled the team is or 

how empowered they are. The key findings from this chapter are summarised in table 8 

below to help the management decide on a methodology. 

Table 8 is heavily based on table 7 and table 2. The table below can be used by 

management as selection criteria when determining a methodology for a software project. 

An example of table 8 being used at a case company is given in chapter 5.2.3 and table 

11. 

Table 8:  Decision framework for SW development methodology selection 

Key Selection Criteria Choose Agile Choose Waterfall 

Top level management support Management 

support agile 

Management 

support waterfall 

Organisational culture The 
organisational 

processes support 
agile  

The organisational 
processes support 

waterfall 

Planning approach Bottom-up 

planning  

Top-down planning  

Teams are self-organising and empowered. Management 
respect teams’ 
planning and 

effort estimations 

Management 
reject/change teams’ 
plans and effort 

estimations. 

Change management skills 
 

 

Change is 
welcome and 

expected by the 
customer and 
project. 

Processes are in 
place to recover the 

project if it deviates 
from the committed 
plan. 
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Project team commitment Plans are flexible 
with close co-
operation with 

customer. Teams 
commit to 

delivering 
working SW for 
one iteration. 

Customer needs an 
exact date when the 
feature with detailed 

scope will be 
delivered. Teams 

commit to delivering 
by the agreed end 
date, can be even 

months/years ahead. 

Organisational capability to deliver SW 
frequently 

Ability to deliver 
tested quality 

SW to customer 
at least every 
month, ideally 

every two weeks 

Ability to deliver 
tested quality SW to 

customer more than 
every month 

Team experience with the task Team knows 
what to do and 

self-organises 

Team needs a lot of 
control and guidance 

Team understands and supports the 
selected methodology 

Team is willing 
to adopt agile  

Team is willing to 
adopt waterfall 

Customer participation  

 
 

Customer 

understands and 
has agreed to 
collaborate 

throughout the 
development 

process. They 
understand how 
much 

commitment is 
required.  

Customer is not 

willing to be part of 
the SW development 
cycle and provide 

frequent feedback. 

Technological uncertainty e.g., new HW or 

SW are being 
developed 

Familiar 

technologies being 
used 

Specification changes Unknown and 

unstable 

Familiar and stable 

Project urgency Project can be 
delivered 
according to 

team plan. 

Project must be 
delivered ASAP 
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5 EMPIRICAL CASE STUDY 

In this chapter the CSFs found from the literature in chapter 3 will be used in a survey to 

determine if the case company also sees these as being critical success factors in their 

projects. Using the results of the survey as well as an analysis of the company’s 

processes, the key selection criteria of table 8 from chapter 4.2 will be applied to 

determine if the company should be agile or waterfall.  Recommendations are provided 

on what the company should do to be more agile because the company would like to be 

agile.  

The department under study has eight project managers: four in Oulu, Finland, one in 

Nanjing, China, and three in Hangzhou, China. They were surveyed to see what they 

thought were the most important CSFs for a project to succeed. In addition to this, an 

analysis of the processes in order to build up a general picture of how the software 

development was executed. 

5.1 Description of SW development processes 

 

The SW process analysis of the company was done by gathering and analysing 

information on the way of working and by reading the process documentation. I am the 

lead project manager in the department and so I had some in depth knowledge of the 

processes, which are described in this chapter.  

At the case company, there is a sense within upper management that agile is the only 

methodology to use to improve SW quality and time to market. The upper management 

of the company officially considers itself agile, and the development teams to be using 

the agile methodology. The agile process has been imposed from the top management on 

all projects.  

 

The software development teams have no interaction with the customer and as shown in 

previous chapters, close customer collaboration is essential for a successful agile project.  

The need for close co-operation with the customer is seen in all four of the agile values. 

This especially causes problems with the specification, as the only way to know that a 

feature truly works as required, is when it is delivered to the customer. It also means that 
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the sprint planning meetings are basically project planning meetings, and the team does 

not demonstrate any work or gather feedback on unclear specifications from the customer 

or customer representative.  

 

In all cases, the estimation of the work done at the company is given in hours and the 

work needs to be committed by the teams as part of a system release which is four months 

in length. One system release is made up of eight iterations which are two weeks in length.  

This means that before the commitment can be given a great deal of the requirements 

analysis needs to be done. Then, the verification teams usually must finish doing their 

part and test the system after development has finished.  In essence what the company has 

done is to create a mini-waterfall methodology based around a system release.  This mini-

waterfall way of working was also one of the challenges faced by other large companies 

trying to transform to agile (Dikert et al. 2016). It is also not uncommon for work to be 

planned for the next system release while the current one is in progress.  This is because 

many big features are known long in advance, although the technical details may be 

unclear. 

 

There is also a strong culture in the company for development teams to commit work  

before the system release has started.  It is not enough for teams to commit to a system 

release, but they must commit to a two-week iteration within the system release. This is 

important as other teams, e.g., verification, will need to plan their work to start after the 

development but finish before the system release finishes. The company wants to ensure 

that the end-to-end plans fit into the system release. However, since the customer is not 

involved in the development cycle, it means that teams often commit to iterations even 

though they may not know exactly what needs to be done. This is because the 

specification has not been defined at a detailed enough level.  If commits fail during the 

system release at one of the iterations, the product management pushes the teams into 

recovery mode. The iterations are not related to delivering features but used as a milestone 

tracking device to see if the system release is being delayed. However, the reason for a 

project being late is very often due to “surprises” arising as the developers learn more 

about the project. The fact that iterations are used in the company provides no benefit in 

this sense, because the teams are not able to utilise the customer to get feedback. 

 



55 

During the system release, there are eight “iterations” during which the team performs 

retrospections and do cross-checks regarding what commitments for that iteration were 

not achieved.  As the customer is not involved, the only agile aspect of this is that the 

team analyses what it could have done better via Scrum methodologies like retrospectives.   

 

Features are also planned across many iterations and even if part of the feature is ready 

in the first iteration, it will not be delivered to the customer until after the system release 

has been finished and tested.  In essence, the company has not reduced batch sizes to 

continuously deliver value but is still using a planned project approach. Nevertheless, the 

company has decreased the system release length compared to a few years ago and 

therefore increased the number of releases per year. 

 

The current way of working is that the SW teams plan according to mini waterfall projects 

called system releases, where the specifications are gathered as much as possible before 

the release starts, so that the teams can commit to finishing them in the release. Then the 

development starts and when that is finished, the integration and verification take over. 

Commitments to the system release are considered far more important than flexibility in 

the case of needed changes and delay in the plans. 

 

The development teams have however adopted as much as possible, despite the 

constraints imposed by the organisation, the agile framework such as Scrum and Kanban.  

The development teams use daily stand-ups, sprint planning (without the customer) and 

retrospectives. Using a tool called Jira, they have created a backlog and adopted a way to 

visualise the current status of the work. The teams do not deliver value to the customer 

every sprint, but the customer deliveries are bundled as system releases. In this respect, 

they are not in Scrum mode, but the development teams cannot control this. 

 

XP programming has been adopted in the sense that programmers regularly help each 

other and look at each other’s code and sometimes even pair programming is used. The 

organisation requires, however, that all code is reviewed, which in turn decreases the need 

and benefit of pair programming. There are no organisational restrictions which prevent 

developers from developing failing tests and then develop code on top, but they choose 

not to as it is too difficult to do. 
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5.2 Survey and empirical findings 

The survey was given to all seven of the project managers inside the organisation and of 

those, there were five responses. The questions asked and the responses can be found in 

the appendix 1. The Likert scale was used for the answers because that is the most widely 

used approach to scaling responses in survey research. In addition, the Likert scale is one 

of the most reliable ways to measure opinions. 

The questions were grouped into the dimensions that were used in table 7 of chapter 3.3: 

organisational, team, customer and project factors. The questions came with explanations 

as to the meaning of the dimensions and factors, in order to improve the accuracy of the 

results.  The use of adjectives was minimised to reduce any misunderstandings in the 

question being asked. 

The responses for top management support matched that of the research in that all project 

managers agreed it helps the success of a project.  It was also jointly (with a few other 

questions) the question that got the greatest number of “strongly agree” responses.  

The other top responses for “strongly agree” were project team commitment, internal 

project communication, and project team experience. The project team commitment may 

be especially important in the case company, as the organisation has a strong team 

commitment process.  In many cases, the team will need to commit to a deadline before 

the specifications are clear, and this ties in with the team communication and expertise.  

It is not uncommon for the specifications to change and when they do, it is the team’s 

expertise which is needed to secure the committed deadline.  

Technological certainty was also an area which every project manager agreed contributed 

to the success of a project. This is an indication that the company is not that agile, as that 

methodology should mitigate to a large extent the impacts regarding technologica l 

uncertainty. However, as there are no customer demonstrations or feedback, and 

commitments made before the uncertainty can be known, the uncertainty does have a big 

impact on a project success.  
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On the opposite side however, urgency was not that important for the project managers, 

but under a waterfall methodology from table 7, this is the fourth most important factor.  

It therefore shows that you cannot just say a project is agile or waterfall and then give 

some success factors.  Instead, every situation is unique and different projects will need 

to evaluate how agile they are. 

Project planning was considered important by all the project managers.  This is also 

fitting with the organisational culture, which is more waterfall, and the research papers, 

which class project planning as important for a waterfall project.  

User participation was considered important but not that important, which is interesting 

considering the customer currently has no participation.  It seems that there is a wide 

recognition among the project managers that user participation would improve a project’s 

success.   

As a general summary of the responses, everything seemed to compliment the research 

findings. 

Using the responses from the survey, a CSF table was built up. First, the responses were 

given the following weights: 

Table 9:  Survey weight values. 

Survey Response Weighted value 

Strongly Agree 1 

Agree 2 

Neutral 3 

Disagree 4 

Strongly Disagree 5 

 

 Using these weights, it was possible to build the table below, where the CSF values are 

the weighted values put into a rank order. 
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Table 10.  Case company CSFs compared to this thesis’ CSFs. 

CSFs 
Company 
Weight  

Company 
Normalised Agile Waterfall 

Top-level management support 7 1 2 1 

Organisational culture 9 3 8 5 

Level of project planning 9 3 17 3 

Leadership 10 4 10 15 

Vision and mission 9 3 16 12 

Change management skills 7 1 19 2 

Project team commitment 7 1 20 6 

Internal project communication 7 1 12 22 

Project team empowerment 9 3 13 16 

project team’s composition 11 5 15 19 

project team’s expertise with the task 7 1 3 23 

Project team’s general expertise 9 3 26 17 

Lack of development team skill 11 5 11 10 

Project team’s experience with SDM 10 4 14 11 

User participation 8 2 1 9 

User support 13 6 21 14 

Customer training and education 11 5 24 24 

Customer experience 10 4 6 8 

Lack of end user experience 9 3 22 27 

Technological uncertainty 7 1 9 26 

Development methodologies 10 4 7 21 

Project complexity 10 4 5 7 

Urgency 13 6 18 4 

Relative project size 9 3 25 25 

Specification changes 9 3 4 18 

Project criticality 9 3 27 20 

 

Project team commitment was ranked with a few other CSFs at number one.  According 

to the research papers, this is not critical for agile, but it is for waterfall.  The reason for 

this importance in the company stems from the organisational culture.  The teams must 

make commitments and so without them, the project cannot proceed.   
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The team’s experience with the task  is first also for the case company which would put it 

in line with agile.  This may be related to technological uncertainty and the team’s need 

to solve any issues with HW or other SW bugs rapidly; this would suggest that agile 

would be a more suitable software methodology. 

Specification changes is not that critical and fits more with a waterfall approach.  This 

too stems from the organisational culture; it is not critical, because development teams 

have no contact with the customer during the development life cycle and the specifica t ion 

must be reasonably ready before teams can plan and start development. If the 

specification is not ready, the teams do not commit to project end dates. If the project has 

no fixed end date it will mean the project cannot be delayed. 

It is therefore not possible to say from a project managers’ point of view that agile must 

be used even if there are large amounts of technological uncertainty as the organisationa l 

culture does not support it. The CSFs seem to match both agile and waterfall and this was 

expected. 

The underlying reason is that while projects suffer from unclear specification issues, this 

does not affect project success so much as the organisation expects that specification is 

reasonably well defined before development starts. Development teams are constrained 

by the culture of the organisation. This fits with the fact that top level management 

support is also seen as important at the company.  As stated earlier, both methodologies 

require this support. The key is that development teams must fit into the way of working 

as defined by the organisation and success will be defined by how well teams adhere to 

the organisational processes. It is also backed up by the theory in that top level 

management support is a primary CSF that influences other CSFs (Ahimbisibwe et al. 

2015).   

These results were discussed with the case company and there is a general agreement that 

the company is not an agile company. Everyone agreed that Scum practices are being 

adopted and the main blocker to becoming agile was the lack of customer collaboration. 
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5.2.3 Summary of empirical case study 

Using the key decision points from table 8 in chapter 4.2 and information gained by the 

analysis and the survey results in table 10 in chapter 5.2, it is possible to determine which 

methodology would work best for the company. That selection is made in table 11 below. 

Table 11.  Key CSFs decision framework for company methodology selection 

Key Selection Criteria Choose Agile Choose Waterfall 

Top level management support Upper 

management 
supports agile 

 

Organisational culture  The organisational 
processes support 

waterfall 

Planning approach Bottom-up 
planning  

 

Teams are self-organising and empowered. Management 

respect teams’ 
planning and 

effort estimations 

 

Change management skills 
 
 

 Processes are in 
place to recover the 
project if it deviates 

from the committed 
plan. 

Project team commitment  Customer needs an 

exact date when the 
feature with detailed 

scope will be 
delivered. Teams 
commit to delivering 

by the agreed end 
date, can be even 

months/years ahead. 

Organisational capability to deliver SW 
frequently 

 Testing takes a long 
time and ability to 
deliver tested quality 

SW to customer 
more than every 

month 

Team experience with the task Team knows  
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what to do and 
self-organises 

Team understands and supports the 
selected methodology 

Team is willing 
to adopt agile  

 

Customer participation  

 
 

 Not known if 

customer is willing 
to be part of the SW 

development cycle 
and provide frequent 
feedback. But 

currently they are 
not. 

Technological uncertainty Depends on 

project - e.g., 
new HW or SW 

are being 
developed 

Depends on project - 

Familiar 
technologies being 

used 

Specification changes Depends on 
project - 

Unknown and 
unstable 

Depends on project - 
Familiar and stable 

Project urgency Depends on 

project - Project 
can be delivered 
according to 

team plan. 

Depends on project - 

Project must be 
delivered ASAP 
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6 DISCUSSION AND CONCLUSIONS 

As every project is unique, every project manager must evaluate their own project on a 

case-by-case basis to see if it is appropriate to use agile or waterfall. What is clear though, 

is that a project manager should not just assume that agile is the correct methodology. As 

an example, if the customer is not committed to participating in the development life cycle 

or if there is not so much technological uncertainty, then agile is not the correct 

methodology to use (Hoda et al. 2010).  

One other large notable difference in the CSFs of the methodologies was that of the team’s 

experience.  If the team is not experienced, a waterfall approach should be used: The team 

will benefit from the structured plan, commanding leadership and the large amounts of 

monitoring and control that come with the waterfall methodology (Ahimbisibwe et al. 

2015). In fact, team capability is the most critical success factor after customer 

involvement for the success of an agile project (Tam et al. 2020). The case company has 

many experienced teams and so for this factor there should be no blocker for the company 

to adopt an agile approach. Of course, the project manager should evaluate case by case 

aa there can be big differences in a team’s experience levels. 

Other criteria that would eliminate agile as a viable option would be frequent specification 

changes and technological uncertainty (Boehm and Turner 2005). If the project 

specification details and needed technologies are well known, familiar and stable, using 

agile may provide little advantage (Dyck and Majchrzak 2012). At the case company, 

there is a need for a great deal of the specification to be known before a development 

team can start, because the team needs to commit to an end date usually a few months 

ahead. This is enforced on the development teams from the top down. There is, however, 

a large amount of technological uncertainty.  Therefore, the case company would benefit 

from being agile, but the teams cannot be agile until there is support from top 

management, customer involvement and then changes to the organisational processes. 

The most important thing however, no matter what methodology is used, is that the 

methodology chosen has support from upper management. Ahimbisibwe et al. (2015) 

states that in organisations which are risk averse, a high degree of monitoring and control 

will prevail. Under those conditions, there will not be much flexibility in the culture and 
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so agile should not be chosen. In large organisations, many project managers are not able 

to choose the SW methodology, but it is given by the upper management.  

At the case company, top management support and want to implement agile but more 

work is still needed on the implementation of the needed culture and process changes to 

ensure agile succeeds. As an example, there is no customer representative or customer 

communication with the development teams.  It is therefore not enough just to get the top 

management support, but the top management must also understand the principles of agile 

and take actions to implement it. They have now implemented agile in name only in that 

they have put in roles such as product owner, but the product owners do not have any 

contact with the customer. They are project managers under an agile job title. 

As can be seen from table 11 in chapter 5.2.3, the company is not either entirely agile or 

waterfall. It is more waterfall than agile; therefore, waterfall would suit the company 

better. In fact, waterfall must be chosen, as the development teams have no collaboration 

with the customer. The key problems for implementing agile at the case company are 

shown in table 12 below. 

Table 12. Key challenges for implementing agile software development at the case 
company 

Factor CSF Current Situation 

Customer User Participation Development teams do not 

interact with the customer 
or customer representative.  

Organisational Top Level Management 

Support 

Management supports 

agile but lack of 
understanding means agile 
is not supported by the 

processes. 

Team Project Teams Expertise 
with The Task. 

Many teams have enough 
experience, but the 

organisational processes 
force a waterfall approach, 

e.g., specs must be ready 
before development starts.  

Project Specification Changes The specifications are not 
made in collaboration with 
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the customer and need to 
be detailed before 
development starts. 

 

These key challenges relate to the theory outlined earlier in figure 3 from chapter 2.3. 

There it was shown that in order to be agile, the scope of the work should be flexible, and 

the team will deliver whatever they can per iteration. It also aligns with the critical areas 

of agile success as defined by (Ahimbisibwe et al. 2015; Cockburn and Highsmith 2001; 

Tam et al. 2020).  Currently the case company works in a way that a release is planned 

with a fixed scope of critical features based on the resources which can be added to ensure 

the work is done on time.  This is a very typical way for a waterfall project to be run. The 

root cause of this may be that the customer demands certain features by certain dates and 

is not committed to the agile way of working.  If that is the case, agile cannot be used, 

unless the management makes some changes still to the processes to ensure the focus is 

the delivery of some working software during every iteration. 

The case company also has a long-term roadmap and a list of features which are required 

for many releases ahead. However, the company uses new HW for the long-term projects 

and so the technological uncertainty will be high. 

In addition, the company has a high degree of planning and control. Corrective actions 

are needed by the development teams if their plans are late. This is also a constraint for 

the development teams to be agile. 

A recommendation for the company is that agile may not be the best fit for their projects. 

This is because the customer does not interface with development teams and the 

requirements can be known in advance and be well defined without customer feedback, 

as currently the development teams work on the requirements without customer 

collaboration. It may be that the case company would be more efficient and successful if 

there were customer representatives and constant feedback regarding their requirements 

with the customer.  It would first need to be determined whether the customer is willing 

to invest in such a close collaboration.  That would be the key piece of information needed 

before making any further decisions on the best methodology to use. 
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6.1 Managerial recommendations 

For the case company to become more agile, the most important action it could take would 

be to work more closely with the customer.  If the customer would not like to do that then 

the company needs to acknowledge that a waterfall methodology may be more suitable 

for these projects. 

Based on the discussions in this thesis, the following key changes could be made to ensure 

the company embraces agile. Embracing agile would be recommended as agile SW 

projects are three times more likely to be successful (Standish Group, 2020).  

Table 13. Organisational and process changes to support the implementation of agile 

software development methodologies in the case organisation. 

Factor CSF Process Change 

Customer User Participation Top management should 
encourage customers to 

become an active part of 
the development process.  

Organisational Top Level Management 

Support 

Management needs to 

understand the agile core 
principles and modify 

processes to enable agile. 

Team Project Teams Expertise 
with The Task. 

Development teams have 
the expertise and should 
interact directly with the 

customer. There needs to 
be a change in culture from 

long term project commits. 

Project Specification Changes Development teams should 
not commit to a delivery 
date, but functionality is 

developed in close 
collaboration with the 

customer incrementally 
until customer approval. 

 

Table 13 above describes the key focus areas which will bring the most benefit for the 

company in the area of SW development and drive them closer to agile development. 
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7 FUTURE WORK 

Future research could focus on how each of the CSFs impact each other and how the 

success factors are related to one another. It was clear from this thesis that some CSFs 

are primary ones, like top management support.  It would be interesting to see how 

impacting those would influence the others. This thesis treated them independently and 

this could be considered a weakness of the thesis’ results.  This is an area that would be 

handled differently if the thesis would be done again.  

Another limitation of the thesis is that there is no standard CSF definition, but articles use 

their own definitions. This is a problem as there is a risk of misclassification of the success 

factors.  The definitions used in this thesis are defined in chapter 3.2 and are based on the 

article by Ahimbisibwe et al. (2015). The other research papers used in the classifica t ion 

followed very closely to the same definition.  If a paper did have a different definit ion, 

then this is stated in chapter 3.2.  Despite this, there is a danger of misclassification of the 

results among the different articles regarding the CSFs classification used in this thesis. 

Research into whether there could be a set of standard CSFs for SW projects could be 

carried out, and if these could these be promoted to be the standard in the research 

community. This would make it possible to compare different research papers and build 

up some industry wide visibility on some common critical success factors. This caused a 

weakness in this thesis’ results as it was not always straightforward to map the paper's 

CSF to the CSFs used in this thesis. 

The survey conducted was very small and in order to get more reliable results the survey 

should be expanded to include more participants.  It would also be interesting and 

important to see how culture influences the CSFs of a project. 
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APPENDIX 1 SURVEY 

Table 14. Survey questions asked related to the organisational dimension. 

Result 

Management 

support of the 

project means 

how 

management 

gives 

resources, 

authority and 

influence to 

the project.I 

think that 

upper 

management 

support (tribe 

leader, 

program 

manager) 

contributes to 

the success of 

a feature. 

Organisational 

culture means 

what is the 

attitude to risk, 

if the 

organisation is 

flexible and is 

characterised 

by teamwork 

and social 

interactions 

etc.. I think 

that 

organisational 

culture 

contributes to 

the success of 

a feature. 

Level of 

project 

planning 

means the 

amount of 

planning 

processes that 

must be used 

in the project 

at the 

organisational 

level. What 

kind of control 

processes are 

in place 

(feature build 

accuracy etc..) 

and how 

strictly the 

project must 

follow them?I 

think that 

organisational 

project 

planning 

processes 

contribute to 

the success of 

a feature. 

Leadership - 

The 

management 

style, e.g. Are 

management 

willing to take 

risks? Is it top 

down and 

commanding? 

Is the manager 

a micro-

manager 

etc…I think 

that 

leadership/ma

nagement 

style affects 

the success of 

a feature. 

Vision and 

mission - The 

amount of 

clarity on the 

why and what 

of a feature I 

think that a 

well defined 

vision and 

mission 

contribute to 

the success of 

a feature. 

Strongly Agree 3 1 1 1 1 

Agree 2 4 4 3 4 

Neutral    1  

Disagree      

Strongly 

Disagree      
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Table 15. Survey questions asked related to the team dimension. 

Result 

Project 

team 

commitm

ent - How 

loyal and 

willing 

are the 

team in 

devoting 

their time 

and 

energy to 

the 

project? 

How 

likely is a 

team 

member 

to quit 

the 

feature?I 

think that 

team 

commitm

ent 

contribut

es to the 

success 

of a 

feature 

Internal 

project 

communi

cation - 

The 

practices 

that 

increase 

informati

on 

exchang

e and 

cohesion 

among 

develop

ment 

team 

members

.I think 

that 

internal 

project 

communi

cation 

contribut

es to the 

success 

of a 

feature 

Project 

team 

empower

ment - 

The team 

can act 

without 

much 

external 

control or 

coercion.

I think 

that team 

empower

ment 

contribut

es to the 

success 

of a 

feature 

Project 

team’s 

compositi

on - 

refers to 

the 

overall 

mix of 

character

istics 

among 

people in 

a team, 

e.g. 

skills, 

knowledg

e,age,rac

e and 

gender 

etc.. 

 I 

think that 

a team’s 

compositi

on 

contribut

es to the 

success 

of the 

feature 

Project 

team’s 

experien

ce with 

the task - 

Includes 

the ability 

to work 

with 

uncertain 

objective

s. The 

amount 

of past 

experien

ce the 

team has 

had with 

the task.I 

think that 

a team’s 

experien

ce with 

the task 

contribut

es to the 

success 

of the 

feature. 

Project 

team’s 

general 

expertise 

- 

Includes 

the ability 

to work 

with 

manage

ment, 

ability to 

work 

effectivel

y as a 

team, 

ability to 

understa

nd 

human 

implicatio

ns of a 

new 

system, 

and 

ability to 

carry out 

tasks 

effectivel

y.I think 

that a 

team’s 

general 

expertise 

contribut

es to the 

success 

of the 

feature. 

Lack of 

develop

ment 

team skill 

- How 

much 

knowledg

e and 

skill does 

the team 

have in 

emotiona

l 

intelligen

ce, 

problem 

solving, 

listening, 

and 

organisin

g. I think 

that 

develop

ment 

skills 

contribut

e to the 

success 

of a 

feature 

Project 

team’s 

experien

ce with 

software 

develop

ment 

methodol

ogies - 

How well 

does the 

team 

understa

nd Agile, 

waterfall 

and 

software 

develop

ment 

methodol

ogies.I 

think that 

a team’s 

experien

ce with 

software 

develop

ment 

methodol

ogies 

contribut

es to the 

success 

of a 

feature 

Strongly 

Agree 3 3 1  3 1  1 

Agree 2 2 4 4 2 4 4 3 

Neutral    1   1 1 

Disagree         

Strongly 

Disagree         
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Table 16. Survey questions asked related to the customer dimension. 

Result 

User 

participation - 

Commitment 

of the user of 

the feature to 

participate in 

requirements 

definition from 

the initial 

specification 

phase to the 

end.I think that 

user 

participation in 

the feature 

development 

cycle 

contributes to 

the success of 

a feature 

User support - 

Commitment 

of the user of 

the feature to 

provide full-

time support 

for the team 

from the initial 

specification 

phase to the 

end.I think that 

user support in 

the feature 

development 

cycle 

contributes to 

the success of 

a feature 

Customer 

training and 

education - 

customers 

who have an 

acceptable 

level of basic 

education or 

training in IT 

can easily 

explain their 

requirements 

and needs in a 

clear form.I 

think that 

customer 

training and 

education 

contributes to 

the success of 

a feature 

Customer 

experience - 

also known as 

CX, is your 

customers' 

holistic 

perception of 

their 

experience 

with your 

business or 

brand. CX is 

the result of 

every 

interaction a 

customer has 

with your 

business, from 

navigating the 

website to 

talking to 

customer 

service and 

receiving the 

product/servic

e they bought 

from you.I 

think that 

customer 

experience 

contributes to 

the success of 

a feature 

End user 

experience - 

The user 

experience 

(UX or UE) is 

how a user 

interacts with 

and 

experiences a 

product, 

system or 

service. It 

includes a 

person's 

perceptions of 

utility, ease of 

use, and 

efficiency.I 

think that end 

user 

experience 

during the 

development 

cycle of a 

feature 

contributes to 

the success of 

a feature. 

Strongly Agree    1 1 

Agree 4 3 4 3 4 

Neutral 1 1 1 1  

Disagree  1    

Strongly 

Disagree      
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Table 17. Survey questions asked related to the project dimension. 

Result 

Technolo

gical 

certainty 

- The use 

of 

familiar/u

nfamiliar 

technolo

gies. 

Project 

manage

ment 

issues 

surroundi

ng 

complexit

y and 

hence 

lack of 

predictab

ility.I 

think that 

technolo

gical 

certainty 

contribut

es to the 

success 

of a 

feature. 

Develop

ment 

methodol

ogies - 

How the 

project is 

develope

d, 

waterfall, 

agile 

etc..I 

think that 

the 

develop

ment 

methodol

ogies 

used to 

develop 

a feature 

contribut

e to the 

success 

of a 

feature. 

Project 

complexit

y - refers 

to 

challenge

s in 

determini

ng 

project 

goals 

and 

objective

s. The 

goals are 

generally 

shared 

with 

hidden 

agendas 

and 

vague 

project 

requirem

ents.I 

think that 

the 

simpler 

the 

project 

then this 

contribut

es to the 

success 

of a 

feature. 

Urgency 

- How 

quick is 

the 

project 

needed. I 

think that 

urgency 

contribut

es to the 

success 

of a 

feature. 

Relative 

project 

size - 

How big 

the 

project 

is.I think 

that 

smaller 

features 

contribut

e to the 

success 

of a 

feature. 

Specifica

tion 

changes 

- The 

absence 

of client 

knowledg

e and 

understa

nding of 

requirem

ents or 

the 

absence 

of 

develop

ment 

experien

ce and 

expertise 

within a 

specific 

applicatio

n area of 

the 

develop

ment 

team 

makes it 

difficult to 

define 

complete 

Project 

criticality 

- How 

important 

is the 

project.I 

think that 

the 

priority of 

a feature 

contribut

es to the 

success 

of a 

feature. 

Technolo

gical 

certainty 

- The use 

of 

familiar/u

nfamiliar 

technolo

gies. 

Project 

manage

ment 

issues 

surroundi

ng 

complexit

y and 

hence 

lack of 

predictab

ility.I 

think that 

technolo

gical 

certainty 

contribut

es to the 

success 

of a 

feature. 

Strongly 

Agree  1 1  1 2 1  

Agree 5 3 3 2 4 2 4 5 

Neutral  1 1   1   

Disagree    3     

Strongly 

Disagree         

 

 



74 

Appendix 2 Research Paper Mapping 

Table 18. The CSF factors for the Chow (2008) paper. 

Category CSFs Both Agile Waterfall 

Organisational 

Factors Top-level management support  7  

 Organisational culture  5  

 Level of project planning  7  

 Leadership  7  

 Vision and mission  7  

 Monitoring and controlling  4  

 Change management skills  7  

Team Factors Project team commitment  7  

 Internal project communication  7  

 Project team empowerment  7  

 project team's composition  7  

 

project team's expertise with the 

task  3  

 Project team's general expertise  7  

 Lack of development team skill  7  

 

Project team's experience with 

SDM  2  

Customer factors User participation  6  

 User support  7  

 Customer training and education  7  

 Customer experience  7  

 Lack of end user experience  7  

Project Factors Technological uncertainty  7  

 Development methodologies  1  

 Project complexity  7  

 Urgency  7  

 Relative project size  7  

 

Specification changes/Clear 

requirements   7  

 Project criticality  7  
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Table 19. The CSF factors for the Nasir (2008) paper. 

Category CSFs Both Agile Waterfall 

Organisational 

Factors Top-level management support 5   

 Organisational culture 27   

 Level of project planning 3   

 Leadership 4   

 Vision and mission 2   

 Monitoring and controlling 14   

 Change management skills 20   

Team Factors Project team commitment 22   

 Internal project communication 7   

 Project team empowerment 27   

 project team's composition 24   

 

project team's expertise with 

the task 9   

 

Project team's general 

expertise 27   

 Lack of development team skill 9   

 

Project team's experience with 

SDM 4   

Customer 

factors User participation 6   

 User support 27   

 

Customer training and 

education 25   

 Customer experience 27   

 Lack of end user experience 27   

Project Factors Technological uncertainty 10   

 Development methodologies 11   

 Project complexity 19   

 Urgency 27   

 Relative project size 27   

 Specification changes 26   
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 Project criticality 27   

 

Table 20. The CSF factors for the Pedersen (2013) paper. 

Category CSFs Both Agile Waterfall 

Organisational 

Factors Top-level management support  3 13 

 Organisational culture  20 11 

 Level of project planning  23 17 

 Leadership  15 32 

 Vision and mission  6 36 

 Monitoring and controlling  22 36 

 Change management skills  34 4 

Team Factors Project team commitment  35 18 

 Internal project communication  30 38 

 Project team empowerment  14 22 

 project team's composition  27 23 

 

project team's expertise with the 

task  1 37 

 Project team's general expertise  38 38 

 Lack of development team skill  9 15 

 

Project team's experience with 

SDM  10 30 

Customer factors User participation  13 26 

 User support  24 28 

 Customer training and education  38 38 

 Customer experience  12 8 

 Lack of end user experience  38 38 

Project Factors Technological uncertainty  28 38 

 Development methodologies  7 38 

 Project complexity  4 1 

 Urgency  18 3 

 Relative project size  38 38 

 Specification changes   10 19 



77 

 Project criticality  38 38 

     

 

Table 21. The CSF factors for the Sudhakar (2012) paper. 

Category CSFs Both Agile Waterfall 

Organisational 

Factors Top-level management support 1   

 Organisational culture 18   

 Level of project planning 3   

 Leadership 9   

 Vision and mission 8   

 Monitoring and controlling 4   

 Change management skills 36   

Team Factors Project team commitment 36   

 Internal project communication 2   

 Project team empowerment 35   

 project team's composition 16   

 

project team's expertise with the 

task 15   

 Project team's general expertise 17   

 Lack of development team skill 31   

 

Project team's experience with 

SDM 7   

Customer factors User participation 5   

 User support 36   

 

Customer training and 

education 36   

 Customer experience 11   

 Lack of end user experience 22   

Project Factors Technological uncertainty 30   

 Development methodologies 36   

 Project complexity 10   

 Urgency 36   

 Specification changes  23   
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 Project criticality 36   

 

Table 22. The CSF factors for the Ahimbisibwe (2015) paper. 

Category CSFs Both Agile Waterfall 

Organisational 

Factors Top-level management support 1 13 4 

 Organisational culture 4 2 10 

 Level of project planning 5 25 1 

 Leadership 6 12 9 

 Vision and mission 7 27 2 

 Monitoring and controlling 8 26 3 

 Change management skills 9 6 13 

Team Factors Project team commitment 3 10 7 

 Internal project communication 10 5 16 

 Project team empowerment 15 11 21 

 project team's composition 16 7 22 

 

project team's expertise with 

the task 19 16 19 

 

Project team's general 

expertise 20 24 5 

 Lack of development team skill 21 19 17 

 

Project team's experience with 

SDM 25 23 8 

Customer factors User participation 2 3 6 

 User support 11 18 12 

 

Customer training and 

education 17 14 18 

 Customer (client) experience 18 8 23 

 Lack of end user experience 27 17 27 

Project Factors Technological uncertainty 12 1 24 

 Development methodologies 13 15 14 

 Project complexity 14 4 25 

 Urgency 22 21 15 

 Relative project size 23 20 20 
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 Specification changes  24 9 26 

 Project criticality 26 22 11 

 

Table 23. The CSF factors for the Aldamash (2017) paper. 

Category CSFs Both Agile Waterfall 

Organisational 

Factors Top-level management support  3  

 Organisational culture  2  

 Level of project planning  4  

 Leadership  4  

 Vision and mission  4  

 Monitoring and controlling  4  

 Change management skills  4  

Team Factors Project team commitment  4  

 Internal project communication  3  

 Project team empowerment  4  

 project team's composition  4  

 

project team's expertise with the 

task  4  

 Project team's general expertise  1  

 Lack of development team skill  4  

 

Project team's experience with 

SDM  4  

Customer factors User participation  2  

 User support  4  

 Customer training and education  4  

 Customer experience  4  

 Lack of end user experience  4  

Project Factors Technological uncertainty  4  

 Development methodologies  2  

 Project complexity  4  

 Urgency  4  

 Relative project size  4  
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 Specification changes   4  

 Project criticality  4  

 

Table 24. The CSF factors for the Yahya (2017) paper. 

Category CSFs Both Agile Waterfall 

Organisational 

Factors Top-level management support 10   

 Organisational culture 10   

 Level of project planning 4   

 Leadership 6   

 Vision and mission 5   

 Monitoring and controlling 9   

 Change management skills 10   

Team Factors Project team commitment 1   

 Internal project communication 2   

 Project team empowerment 10   

 project team's composition 10   

 

project team's expertise with the 

task 7   

 Project team's general expertise 10   

 Lack of development team skill 10   

 

Project team's experience with 

SDM 10   

Customer factors User participation 10   

 User support 10   

 

Customer training and 

education 10   

 Customer experience 10   

 Lack of end user experience 10   

Project Factors Technological uncertainty 10   

 Development methodologies 10   

 Project complexity 10   

 Urgency 10   

 Relative project size 10   
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 Specification changes  10   

 Project criticality 10   

 

Table 25. The CSF factors for the Garousi (2018) paper. 

Category CSFs Both Agile Waterfall 

Organisational 

Factors Top-level management support 16   

 Organisational culture 21   

 Level of project planning 2   

 Leadership 21   

 Vision and mission 11   

 Monitoring and controlling 1   

 Change management skills 4   

Team Factors Project team commitment 9   

 Internal project communication 6   

 Project team empowerment 10   

 project team's composition 8   

 

project team's expertise with the 

task 7   

 Project team's general expertise 5   

 Lack of development team skill 5   

 

Project team's experience with 

SDM 2   

Customer factors User participation 12   

 User support 15   

 Customer training and education 13   

 Customer experience 14   

 Lack of end user experience 14   

Project Factors Technological uncertainty 23   

 Development methodologies 22   

 Project complexity 19   

 Urgency 20   

 Relative project size 18   
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 Specification changes  24   

 Project criticality 17   

 

Table 26. The CSF factors for the Iriarte and Bayona (2020) paper. 

Category CSFs Both Agile Waterfall 

Organisational 

Factors Top-level management support 1   

 Organisational culture 10   

 Level of project planning 5   

 Leadership 11   

 Vision and mission 24   

 Monitoring and controlling 25   

 Change management skills 9   

Team Factors Project team commitment 13   

 Internal project communication 3   

 Project team empowerment 22   

 project team's composition 18   

 

project team's expertise with the 

task 7   

 Project team's general expertise 4   

 Lack of development team skill 8   

 

Project team's experience with 

SDM 23   

Customer factors User participation 2   

 User support 19   

 Customer training and education 6   

 Customer experience 20   

 Lack of end user experience 12   

Project Factors Technological uncertainty 38   

 Development methodologies 38   

 Project complexity 14   

 Urgency 38   

 Relative project size 38   
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 Specification changes  21   

 Project criticality 38   

 

Table 27. The CSF factors for the Noteboom (2021) paper. 

Category CSFs Both Agile Waterfall 

Organisational 

Factors Top-level management support  3  

 Organisational culture  14  

 Level of project planning  1  

 Leadership  6  

 Vision and mission  14  

 Monitoring and controlling  14  

 Change management skills  14  

Team Factors Project team commitment  10  

 Internal project communication  2  

 Project team empowerment  11  

 project team's composition  12  

 

project team's expertise with the 

task  5  

 Project team's general expertise  14  

 Lack of development team skill  7  

 

Project team's experience with 

SDM  14  

Customer factors User participation  2  

 User support  14  

 Customer training and education  14  

 Customer experience  6  

 Lack of end user experience  2  

Project Factors Technological uncertainty  3  

 Development methodologies  14  

 Project complexity  14  

 Urgency  14  

 Relative project size  14  
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 Specification changes   1  

 Project criticality  14  
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