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Abstract 

As our knowledge base become more advance in the areas of Project Management, we 

should be seeing a larger trend of projects and programs being completed successfully to 

customer requirements within budget and time constraints, yet media and industry reports suggest 

that in Australia only 51% of projects are likely to meet the intended goals and business 

commitment.  Project Managers are often undertrained and use methodology that is either 

outdated or is so broad in its context that it does not give adequate feedback on where risks lie in 

budget, resource and timeline. Standards such as the PMBOK® of ISO 21500 are used as 

guidelines in the understanding on the domains of project management but give little in the way 

for framework for how a Project Manager is to accurately record and work to the desired 

outcomes of the stakeholders.  

The purpose of this research is to utilise the knowledge base and practices of System 

Engineering to better define and tailor Project Management artifacts so that Project Managers and 

organisations can make more informed decisions. Hopefully in doing this a secondary objective 

will be some metric or Key Performance Indicators that will suggest if a project is being managed 

correctly through the different stages of initiating, planning, implementing, controlling, and 

closing.  

 The research will be conducted by the review of all relevant information in the field of 

Project Management and System Engineering before analysing real projects and project 

management teams from the Kongsberg Aviation Maintenance Services (KAMS), Maintenance, 

Repair & Overhaul facilities located in Norway. From there the cumulative date will be presented 

based on the perspective of the KAMS staff to create a framework with suggested tailoring for 

optimisation of Project Management.  
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1 Introduction 

 

1.1 Background 

 

Although current Project Managers have access to a wide range of information, guides and 

templates there is still reporting all over the world that only around half of all the projects that are run 

could be deemed a complete success. KPGM International Ltd. (2019 & 2020) reported across their 

Project Management Survey that only 51% of projects were likely to be delivered to original business 

intent, 42% were likely to be delivered on time, and only 40% delivered on budget. It was also reported 

that only 46% of projects are delivered with stakeholder satisfaction. Historically, such information in a 

Project Organisation would be interpreted that time was spent conducting the wrong task or there was 

misalignment in intent or mandate. This would have in turn incurred some form of cost and through 

simple assessment it could be stated that 50% of the cost is not returning any value in the form or success 

or satisfaction or the Project organisation or the stakeholder. Factors contributing to the may be varied and 

independent depending on the organisation and the type of project, but there are a number of factors 

recorded by a 2020 survey by Wellingtone whereby they asked Project Management Staff what PM 

process added the most value when conducted correctly and how difficult were these processes to execute.  

 

 

Figure 1Project Management Process value vs. difficulty to generate (Wellingtone 2020) 
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Results show that Project Management Staff concluded that Stakeholder Engagement, Risk 

Management, and good Planning all returned value if executed correctly. The results also showed that 

Benefit Realization, Resource Management, Project Prioritization and Lessons Learned were some of the 

more difficult processes to master but also show that they are important in a sense of value to the Project 

Manager. One crossover between Project Management and Systems Engineering is here and has been 

identified in the NASA Systems Engineering Handbook (Hirshorn, S. 2016). The Wellingtone Survey 

(2020) identified high value topics of Stakeholder Engagement, Risk Management and Planning have all 

been identified under the titles Stakeholders, Risks and Schedule as also part of Systems Engineering. The 

difficult processes of Benefit Realization and Lessons Learned could be correlated with Reviews. 

 

 

Figure 2 NASA identification of subjects common to System Engineering and Project Planning & Control (Project 

Management) (Hirshorn, S. 2016) 

 

These common areas between the two (2) disciplines therefore may have differing processes to 

consider inputs and then execute. With the main consideration of value generation at the forefront the best 

practice must be considered from both Project Office business area’s. As Systems Engineering is heavily 

focused on understanding all requirements of a product that is to be integrated, techniques, process, and 

criteria may be transferable to Project Management  to reduce variability and contribute to an increased 

value for the Project Office and the customer. 

 

It is stated in the Systems Engineering Handbook from the International Council of Systems 

Engineering (INCOSE, 2015) that “Systems Engineering should support Program and Project 
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Management in defining what must be done and gathering the information, personnel, and analysis tools 

to elaborate business requirements”. This implies that there is more in-depth analysis at the system level 

then what the Project Manager is exposed too. This is in line with operational norms where a Project 

Manager is responsible for the delivery of the wholistic project to the stakeholders whereas the Systems 

Engineering is normally responsible for delivery of a part of the project to the Project Manager. The 

culmination of this is that the Project Manager is relying on the System Engineer to fill a knowledge gap 

that might be present. If this connection is not made, which is often the case, the engagement of Systems 

Engineering principles and techniques may not be engaged in the projects and requirements might be 

missed. 

The Project Management Body of Knowledge, or better known by its acronym as PMBOK Guide 

(PMI Inc., 2021), is the gathering of all industry inputs from project managers and best practices. As a part 

of this guide the Project Management Institute states that best practice is to approach project in areas of 

execution which they define as “Project Domains” (PMI Inc., 2021). The guide then goes on to explain at 

a high level some of the approaches a Project Manager should take as a part of best practice or industry 

norm. The below figure shows that these domains and here we can see that the Project Management Body 

of Knowledge (PMI Inc., 2021) is suggesting that some of the area that have the most effect on project 

delivery outcomes are also those identified in KGPM Interanion 2019 & 2020 Project Management 

survey’s (KGPM, 2019 & 2020) as having high value or are difficult to achieve.  

 

 

Figure 3Eight (8) Project Performance Domains that effect project delivery outcomes (PMBOK, 2021) 
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INCOSE (2015) define a system as “elements, subsystems, or assemblies that accomplish a 

defined objective. These elements include products …, processes, people, information, techniques, 

facilities, services and other support elements”. Looking at their visual representation in the figure below 

each of these areas are represented as a system element. We can see that in the top left corner of the figure 

that the system is visualised in a similar manner to that of the Project Performance Domains described in 

the PMBOK Guide (PIM Inc., 2021). INCOSE (2015) move on to show that each of these elements may 

be treated as a System in their own right and this is one of the main principals of systems engineering. 

This is a systems thinking perspective which looks at all elements, or elements that are systems in their 

own right to gain understanding of the interrelation to the whole system of interest. When looking at the 

project management domains (PMI Inc., 2021) they may be managerially and/or operationally 

independent of the other domains that mist be covered. In this it then satisfies the definition and 

architectural principals so a System of Systems (Maier, 1998, as cited in INCOSE, 2015).  

 

 

Figure 4 Hierarchy within a system (INCOSE, 2015) 

 

It is now shown that there are a number of connections between Project Management subjects and 

those of System Engineering. It is also suggested that some of these are areas of project management that 

are difficult to execute or hold high value within the project which are not being achieved to a high degree 

of satisfaction for both the Project Manager and Stakeholder. It is therefore suggested that this research 

primarily explore the ability to use System Engineering techniques and principals in the subject common 

to both disciplines to give further fidelity and remove variability in Project Management and positively 

add to the Project Management Body of Knowledge. Secondary the research will seek to identify Project 
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management frameworks and process tailoring techniques that link to the size and complexity of a project. 

Thirdly the research will attempt to identify cost benefits for incorporating Systems Engineering practices 

and process.  

The 5 Why’s (Ohno, 1988) figure below summarizes through assumption the connection between 

the problem statement and the possible benefits of introducing some System Engineering practices.  

 

Figure 5 Five (5) Why's analysis with assumption for the causes of the problem statement (Ohno, 1998) 

 

1.2 Project Aims 

 

1.2.1 Scope and Boundaries of the Research 

 

Scope of this research will be limited to the common areas to Project Planning & Control (PM) 

and System Engineering (SE) identified by NASA (Hirshorn 2016) that align with the Project 

Management Body of Knowledge Project Performance Domains (PMI Inc. 2021) and the PM process 

added the most value or were difficult to execute as reported in the Wellingtone Annual Report for the 

State of Project Management (2020)  

 

Table 1 Nomenclature equivalency for the area of research as defined by NASA (Hirshorn 2016), 

PMBOK (PMI Inc. 2021), and Annual Report – The State of Project Management (Wellingtone, 2020) 

NASA Systems Handbook PMBOK Project Domains Wellingtone Annual Report – The 

State of Project Management 
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NASA Systems Handbook PMBOK Project Domains Wellingtone Annual Report – The 

State of Project Management 

Stakeholders Stakeholders Stakeholder Engagement 

Risk Uncertainty  Risk Management 

Reviews Development Approach and Lifecycle Benefits Realisation 

Schedule Planning Planning 

1.2.2 Primary Aim 

 The aim of this research is to integrate System Engineering principals, procedures and techniques 

to develop a framework and criteria that enables Project Managers to tailor project procedures and 

documentation for optimal project outcomes. More specifically in areas identified in the scope, this project 

will: 

1. Identify the complexity of projects and the need for Systems Thinking. 

2. Identify common criteria that causes variability and possibilities to remove or reduce it. 

3. Determine areas to improve PM in the zones: Stakeholders, Risk, Review, and Planning. 

4. Propose documentation for Project Framework and Tailoring in the areas or Stakeholder 

Engagement, Risk Management, Benefits Realisation and Planning. 

 

1.2.3 Secondary Aim 

It is the secondary aim for this research that the outcomes of the Primary Aim will allow the 

proposal of some Key Performance Indicators that Project Manager will be able to utilise to optimise the 

tailoring or project artifacts and support a Cost Benefit Analysis of the Primary Aim 

5. Identify Measurement Indicators to quantify successful completion of project 

requirements, budget and schedule. 

6. Propose KPI’s to assist in the Cost Benefit Analysis of tailoring project artifacts. 

7. Determine value outcomes for the integration of Systems Engineering into Project 

Management 

 

The Primary and Secondary Aims will be expanded in Objectives and reviewed to the extent of 

the information available in the Literature Review. Methodology will propose how to correlate the 

information from the Literature Review and look to add further data and address the missing information 

in the literature. Results and Discussion aims to correlate the available information from the project before 

presenting Conclusions.  
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1.3 Objectives 

The objectives further detail the Primary and Secondary aims. 

1.3.1 Define the complexity of projects and the need for Systems Thinking 

In order to evaluate a better understanding of the types of challenges that a Project manager faces 

in there tasking will be to define complexity. Through the review of literature there  was a sense that 

Project Managers feel like what they are controlling is getting more complicated that what it has been 

historically and that there have been more inputs and outputs to consider now than what they have been 

before with standards and practices in other domains or professions increasing in turn. It is assumed that 

by better defining complexity and understanding of what complexity is, Project Managers should see the 

requirement for more Systems Thinking approach to tasking and what role it can play with reducing 

preserved complexity in a Project. 

 

1.3.2 Identify common criteria that causes variability and possibilities to remove or reduce 

it. 

This research will seek to identify areas of Project Management that that may produce the most 

variability at different stages of the project. By identifying where variability might arise there can be 

concerted effort into risk identification and mitigation to reduce the number of possible outcomes. It is 

assumed that by reducing the amount of possible outcomes to a situation that Project Managers may be 

able to give more accurate plans and information in the areas that have been address as concerns in the 

background and review.  

The secondary outcome for this objective is to see where Systems Engineering principals and 

process my then further reduce variability in a Project by improved and focused efforts on areas that have 

identified in the project management domains not to a subsequent level. 

 

1.3.3 Determine areas to improve PM in the zones: Stakeholders, Risk, Review, and 

Planning. 

The analysis of the forementioned objectives should determine within the four (4) areas identified 

in the scope and boundaries of the research where the Systems Engineering principals and practices might 

be most effective to implement into Project Management. One main objective of this research will be to 

ensure that areas identified for improvement will become part of the ability for organisations to learn and 

transfer knowledge through there project managers, procedures and measurements. The basis for this will 

serve and the input for proposing documentation for a reject framework and tailoring.  
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1.3.4 Propose documentation for Project Framework and Tailoring in the areas or 

Stakeholder Engagement, Risk Management, Benefits Realisation and Planning. 

In determining areas to improve this research will also suggest a framework that put into practice 

supporting activities and processes to produce favourable outcomes in the areas that have been identified 

by the other outcomes. The Documentation and framework will attempt to ensure that for all areas 

identified that adequate decomposition, interface management and requirements analysis is conducted to 

reduce variability. 

The research in its proposals will attempt to ensure that only those area that will gain from 

significant value addition for the implementation of these processes be suggested such as not to burden 

Project Managers with more administrative requirements that may increase cost above the level of value 

gain.  

 

1.3.5 Identify Measurement Indicators to quantify successful completion of project 

requirements, budget and schedule. 

The research presented is intended to reveal areas that may be measurable to gain data on what 

methods and processes from Systems Engineering are in fact benefiting the discipline of Project 

Management. By leveraging system engineering practices, The research will attempt to establish a 

systematic and objective approach to measuring project performance against key parameters linked to the 

identified project domains. Where there is a lack of quantifiable measurement areas identified, the analysis 

will investigate what may be preserved as offing value such as stakeholder relationship. This may be 

looked at by how an organization or project manager desired to be looked at by the stakeholder verses the 

stakeholder’s perception.  

 

1.3.6 Propose KPI’s to assist in the Cost Benefit Analysis of tailoring project artifacts. 

This objective is to offer identified KPIs that will attempt to facilitate improvement in decision-

making, to allow Project Managers to evaluate the feasibility and return on investment of tailoring project 

artifacts using System Engineering Techniques. To measure the analysis will require implementation and 

baselining against a modelled no change situation to attempt to legitimise the data. 

For a positive Cost Benefit Analysis, the secondary outcome of this objective would be to 

improve the Project Management Body of Knowledge with measurement ability in areas that currently 

might not be giving a detailed pictures of where continuous improvement or further investment might 

benefit.   
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1.3.7 Determine value outcomes for the integration of Systems Engineering into Project 

Management 

The final objective of this research will be to access the feasibility of utilising System Engineering 

principals and techniques in Project Management. Where value benefit may be seen the by an organisation, 

attempts will be made in real world situations to validate in field practices. Positive results will then be 

suggested as improvements to the Project Management Body of Knowledge. If the integration of the 

techniques, framework or tailoring is not seen or perceived to be value adding an assessment will be 

conducted to inform either the removal of the proposal or the suggestion for further research and iteration.  

If this research is deemed to be successful in those areas identified in the scope and boundary of 

the research, it will be suggested that further areas of Project Management be suggested for assessment to 

optimise with system engineering techniques. 

 

1.4 Consequential Effects of the Research 

 

There is a positive sense that the outcomes and artifacts from this research when used in 

conjunction with the Project Management body of Knowledge (PMI Inc., 2021) and ISO 21500 Guidance 

on Project Management (ISO, 2012) will have a positive effect on the way that a project is managed. 

There is a sense that the most benefit will come when utilising the proposed outcomes from the start of a 

project but there may be applications were the research will be able to be retrofitted to existing and 

ongoing projects.  

 

1.4.1 Academic 

The proposed outcomes of the study could be further research into modern Project Management 

and lay foundations for further System Engineering principals to be used. This may then change the 

curriculum to how Project Management is taught through university and further education.  

 

1.4.2 Industrial 

The proposed outcomes may create more effective and efficient project start-up, through life 

support, and disposal of products or services. The outcomes of this research may change the Project 

Management field or occupations to include more engineering techniques. The main objective of this 

research is to add or supplement the current understanding of Project Management and increase the 

Project Management Body of Knowledge in a positive way with measured results. The proposed outcomes 
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may encourage synergies to Industry 4.0 solutions and lead to better oversight and control for Project 

Managers, Stakeholders and Engineers alike. 

 

1.4.3 Societal 

As we saw in the background, there are a number of project that are not achieving their full value, 

are delayed, overbudget or do not meet the desired requirements. This can reflect negatively socially, 

especially where the Projects might be tax-payer funded. If this research is successful in taking out some 

of the variability in cost, schedule and requirements the effect may mean that the stakeholder, consumer or 

tax-payer is better informed. 

 

1.4.4 Ethical Responsibility 

 To ensure that all outcomes of this research are in line with what is best for the Australian 

and global population all proposals from this dissertation will be in line with The Engineers Australia 

Code of Ethics (Engineers Australia, 2022) 

 

 

2 Literature Review  

 

2.1.1 Complexity 

 

With almost 7 out of 10 Project Managers stating that their undertakings have become more 

complex over the last decade (KPMG 2020), the use of the notion “complex” has to explored for 

correctness in what should be organised project structure with the information that is radially available in 

the Project Management Body of Knowledge (PMI Inc., 2021). Mitchell states that the definition of 

complexity is based on the identification of a parameter that is measurable and to date there is no 

agreeance on which parameter should measured (2011). In this there is the iteration that understanding of 

complexity is in itself complex. This is due to the parameter that that is trying to measure is that of 

understanding.  

 

Understanding however is however subjective, and can be reduced through cognitive 

comprehending of an object/problem/system and our ability to make distinctions, perceptions, or 

information about it (Ertas 2018). Therefore, Project Managers stating errors in cost and schedule 

assumptions is due to complexity are really stating there is a lack of understanding inside their 
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organisation and their project team on the associated risks or variabilities. These risks or variabilities in 

the project are that which could cause deviations in a budget, schedule or delivery of the requirement to a 

stakeholder.  

 

It is not however surprising that “complexity” is blamed in these situations as 25% or 

organisations only sometimes or never create scoping or specifications documents for their projects 

(Wellingtone 2020).  Even when these documents were in place only 60% or project managers were 

engaging in Risk Management identification and mitigation to better understand the inputs and variability 

of their project (Wellingtone 2020). If the statistics are lower than 100% for either one of these areas of 

inside of a project, in turn there will be miss understandings or inability to forecast or predict potential 

outcomes. With some of the outcomes being hard to quantify such as stakeholder satisfaction or delivery 

of requirements meeting intention, it is then in turn difficult to measure or baseline what project success or 

the actual value measurement of Project Management outputs. 

Warfeild (1994, cited in Ertas 2018) states that their complexity can be attributed to two distinct 

aspects: Cognitive Complexity and Situational Complexity. These two fields may further the explanation 

of issues with project management, but both can be reduced through different ways to increase 

comprehension and ensure that a broader understanding can reduce variability and risk. 

 

 Situational Complexity is attributed to the system being examined. It has been shown in the 

background of this research that a Project can be seen as a system of systems and that even some elements 

in that system can be systems in their own right. Therefore, the interface control between these elements is 

required so that the system is decomposition in a manageable manner. This practice is Systems thinking 

and has been referred to in the PMBOK (PMI Inc., 2021) under the Project Management Principals as the 

project manager requiring these skills but gives little insight as to how they should apply it. It can be seen 

however in the NASA Systems Engineering Handbook (Hirshorn, 2016) that there is a logical 

decomposition process to make sure there is a system architecture that identifies the elements that meet 

the stakeholder expectations and what level it needs to be achieved to have a successful project. The 

practice of this decomposing can induce another level of difficulty into the understanding and 

communication within a system due to the exponential increase of connections when viewed as a System 

of Systems. As this research assumes that a project is a System of Systems the addition of these 

communication line may need to be managed effectively by the project manager or have a system in place 

that will compensate for the increase.  
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ISO 21500 (2012) shows an inputs and outputs chart for the different stages of a project but fails 

in its summary of the intricacies of communication in a project organisation. The number of interactions in 

a project team may be as high as 
𝑛∗(𝑛−1)

2
 which in large organisations can make it very convoluted. If 

stakeholders are then added into the communication matrix the connections may increase significantly. 

Approximately 40% of project management teams have 6-10 members (Herrin 2022) meaning that there 

could be as many as 45 lines of communication. As this is an exponential equation the communication 

lines can become uncontrollable with just the addition of a small number of elements in the system as seen 

in the figure below. Even with documentation such as a Project Management Plan that controls interaction 

there may become a point where Integration Leads will need to be used. The intent in this instance is to 

create multiple smaller groups that only communicate through one (1) point making the system more 

complex.  

 

Figure 6 Potential Communication lines dependent on size 

 

 

Cognitive complexity is the associated complexity as viewed from the observer (Warfeild 1994, 

cited in Ertas 2018).  This comes to the fore when the observer has the inability to understand the project, 

system, or element that they are trying to work with or in. Therefore, it can be shown that cognitive 

complexity can be present even where there is no situational complexity as it is only attributed to the 

observer. Looking for a parameter to describe complexity, understanding should not be used as a yard 

stick as it is different among the measured population. Understanding can also be argued as a binary 

measure meaning that if someone does not comprehend something fully then they do not understand. The 

only way that Project Organisations can ensure there is an assumed level of understanding is through 
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education in project management practices and by also by ensuring that project management staff have 

access to the correct processes and subject matter experts which as stated in the background are often the 

Systems Thinking techniques and System Engineers who must fully comprehend their project of system 

element.  

 

2.1.2 Project Management 

 

ISO 21500 Describes project management as “the application of methods, tools, techniques and 

competencies to a project. Project management includes the integration of the various phases of the 

project life cycle” (2012). Management as a career path was established around the 19th century by the US 

railroad organisations where they took the US Army’s “systematic management” to control schedule, 

budgets and cargo. In the 20th Century Taylor developed “scientific management” whereby manages used 

engineers to understand process better to get more from factory workers. Taylor’s methods were then 

adopted in Japan which formed Total Quality Management that was seen around the world after World 

War II (Johnson 2013). Project Management was born out of necessity after the war in conjunction with 

operations research and systems engineering. Projects at this time were starting to involve more and 

advancements in materials, computation and production techniques mean that not only were there novel 

ideas, the integration of them with other areas was complicated. Project management looked to be the 

answer, but it did take some time for practices and standards to flow to industry other than military 

projects where it was being heavily adopted in the 1950’s (Johnson 2013)  

 

Project Management is now widely adopted around the world and is a designated profession for a 

number of individuals with its own curriculum and lucrative job market. Such documents as the 

PMBOK® and ISO 21500 set the base knowledge for the profession, and as the acronym describes, it is a 

body of knowledge and has been building since the early days of project management. Organisations such 

as the Project Management Institute collect the statistics from the project management field and try and 

promote global standardisation. Moving into the 21st century there is a transition where project 

management was historically based around an individual or team who was seen to be “organised” and 

more towards Enterprise Resource Planning Software and Artificial Intelligence to produce suggested 

solutions to project management problems.  

 

In 2019 the Project Management Institute reported that organisations that had outdated project 

management techniques or technology has a 18% chance of failure. These applications are not fit for all 

organisations and projects as there is some application of size is required. Johnson states “There is no 
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single best method of project management valid across different industries, organizations, or nations” 

(2013). This could be seen as a narrow view, as project management body of knowledge should not be 

seen as a method but as a framework and it is therefore the tailoring of the framework for size, complexity, 

cost and schedule that should become adaptable to all projects. As described in the background of this 

research the Wellingtone (2020) State of Project Management Report 2020 suggests that this is not 

actually the case with so many Project Mangers reporting issue with schedule, risk, requirements, and 

budget.  

 

2.1.3 Variability 

One of the largest components of ensuring that a project is run to budget and schedule is 

understanding the stakeholder requirements not only of the product but of the stakeholder business. The 

PMBOK® (PMI Inc. 2021) has the Stakeholder and Stakeholder Engagement as the first project domain 

but is very light on the actual process of engagement of the stakeholder and how to drag out the 

requirements. Compare this to the Stakeholder Expectations Definition Process in the NASA Systems 

Engineering Handbook (Hirshorn, 2016) and it can be suggested there is much benefit that the Project 

Management profession could gain from treating the Stakeholder domain as another subsystem in the 

system of systems that is a project. One portion of the PMBOK that is not defined to a degree which may 

be a causation to the poor statistics int eh Wellingtone report is that of Stakeholder commitment to their 

requirements. We can see in the figure below that in the NASA Systems Engineering Handbook (Hirshorn, 

2016) that this is explicit and therefor can be used as a measurable target to reduce misunderstanding and variability 

for the Project Manager.  
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Figure 7 Stakeholder Expectations Definitions Process (Hirshorn, 2016) 

 

Lachhab et al. (2017) states from multiple sources that risk should be considered as uncertainty 

and “is considered as the effect of the occurrence of unknown situations on project objectives (cost and 

duration) and should be taken into account”. This is the only way that decision making of project 

management can be made with some knowledge of potential outcomes that can be measured against. All 

forms of variability therefore can be seen as risk. ISO 21500 (2012) for project management sees the 

assessment of risk, risk treatment, and risk control being carried out to late to have a valid input for the 

budget and schedule. Lachhab et al. also go on to explain that the Systems Engineers are the knowledge 

base or subject matter experts and should be included in the definition of the project during the initiation 

and planning stages.  
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Figure 8 General Framework of integrated SE to PM (Lachhab et al. 2017) 

 

2.1.4 Measurement 

The Stare of Project Management Report by Wellingtone (2020) showed a measurement statistical 

figures from Project Management Staff from 111 Organisations across 26 countries but the data is 

representative of the perception of the Project Managers rather that data analytics through the survey. This 

is mostly due to the ease of survey, the restriction of Company Intellectual Property or Proprietary 

Information, and difficulty to set a measurement standard to access against wholistically. 

 

 Although some areas of project success will still have to be measured via perception like, 

stakeholder relationships and reputation. Other area should be quantifiable more easily if the requirements, 

inputs, outputs and expectations are better understood and baselined. Looking to the PMBOK (PMI Inc., 

2021) there are examples of Key Performance Indicators (KPI’s) and some suggestions in what to measure. 

It can be assumed that if these measurement areas are correct for project management and the Project 

Management Body of Knowledge there should be better performance statistics that what have been shown 

in the project management reposts. Historically most of the KPI recording by an organisation is 

conducting as Lagging Indicators which provide information after the fact. Unfortunately, if the recording 

organisation does not have a learning organisation or effective continuous improvement plan the Lagging 

Indicator may not be useful. The other issue with a lagging indicator is that the stakeholder may already be 

dissatisfied with the result and the measurement is therefore just a report. It is written in the PMBOK 

(PMI Inc., 2021) that Project Organisations for have as many Leading Indicators as possible giving 
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forecasts into trends and may give enough time for negative KPI’s to be access through root cause analysis 

to reverse a trend before conclusion of a project or element.  

 

Effective KPIs are wholly based on the requirements that are delivered during the planning of a 

project. Without effective risk management, stakeholder identification and requirements there will be 

increase variability in what is trying to be measured and the indicator might not provide accurate 

information in that may induce unnecessary cost and time.  KPI’s in themselves are also useless unless 

they are applied to some kind of improvement, learning or review. 

 

It can be seen that the delivery of a project in all aspects can be that as a delivery of quality across 

all the project management domains. It can be assumed that though the reduction in quality of one of the 

Systems of System elements that the overall system may suffer. If the KPI is treated as a health or quality 

measurement then there may be a link between Statistical Quality Control that may be exploited to give 

better understanding and improve outcomes of a project. Montgomery (2013) states the “quality is 

inversely proportional to variability” and that “quality improvement is the reduction of variability in 

processes and products”. Referred to previously in the background and review this research aim is to 

reduce or better understand variability in Project Management through integrating System Engineering 

techniques tying these concepts together. One technique used in quality management is the sampling of 

variables against a baseline or datum. In this way variability can be quantified and analysed statistically 

and that the statistical methods can then in play a role in quality improvement efforts. 

 

 

Figure 9 Quality Characteristics output from Process inputs (Montgomery, 2013) 

2.1.5 System Engineering 

Although a broad subject System Engineering can offer a framework that can have a significant 

affect on the outcome of a project depending on the integration of the Project Required. Locatelli et al. 
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(2014) describes that he origin of System Engineering come from around the 1930’s but like Project 

Management, really started to excel once the US Department of Defence contributed to its further 

development after the second world war with the rise of defence technologies. The reason that there was/is 

a designation in between Systems Engineering and Project Management was that the DoD saw that is was 

not enough just for a supplier or in house developer to just deliver a product for service. It was also 

necessary to deliver the support systems that the product required such as operators, training, maintenance, 

upgrades and so on. One aspect that System Engineering also focused on that Project Management might 

have missed was that fact that is looked at the whole product lifecycle instead of just the time leading up 

to delivery. In this sense Systems Engineering took into consideration potential future requirements and in 

case made adequate room for upgradeability and continued integrations with partners and other 

developing products. 

 

Figure 10 Development of System Engineering Standards (Locatelli et al. 2014) 

 

The INCOSE (2015) definition of System engineering is: 

 

“Systems engineering is an interdisciplinary approach and means to enable the realization of 

successful systems. It focuses on defining customer needs and required functionality early in the 

development cycle, documenting requirements, and then proceeding with design synthesis and system 

validation while considering the complete problem: operations, cost and schedule, performance, training 

and support, test, manufacturing, and disposal. Systems engineering integrates all the disciplines and 

specialty groups into a team effort forming a structured development process that proceeds from concept 

to production to operation. Systems engineering considers both the business and the technical needs of all 

customers with the goal of providing a quality product that meets the user needs.” 
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This implicitly states that the upfront effort for analysis through the use of Subject Matter Experts, 

including both business and technical domains, means that system engineering will deliver a product that 

complies with requirements if they are clearly stated, documented and the control processes for systems 

engineering are used. It must then be questioned that if this effort is dedicated to ensuring that the product 

achieves best value for stakeholders why the same mentality cannot be utilised to ensure that the Project 

Management of the product or service development cannot also achieve high results in stakeholder 

satisfaction.  

 

Systems Engineering generally follows the Vee model (INCOSE 2015) which covers the aspects 

of Requirements Definition, Technical Solution Definition, Design realization, Evaluation, and Product 

Transition. It can be seen below in the figure that the model represents going down and getting to the root 

of the requirement before designing and building the product up. One of the most important steps that is 

often looked over in project management is that of review and verification. System Engineering ensures 

review through the interactive process of critical review. Boehm et al. (2014) as seen in the Systems 

Engineering Handbook (INCOSE 2015) adds more to the front matter than many others when it comes to 

ensuring the commitment to a project and the potential risks associated. Through the Incremental 

Commitment Spiral Model Boehm et al. push the stake holders into review in initial stages like 

Exploration, Valuation, Foundation, Development, and Operation commitment reviews in addition to 

normal deliveries such as Preliminary, Critical, and Final Design reviews. In thinking about the initial 

steps of the commitment to a System in this way and the utilisation of the Vee Model, Systems Engineers 

can get a high “buy-in” from the stakeholders and ensure that understanding is disseminated through the 

team. 

 

Figure 11 The SE Vee Model (Forsberg and Mooz (1995) seen in Locatelli et al. 2014) 
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Although Systems Engineering dictates that there should be a high level of effort in the early 

stages of a Project to define objectives, roles, responsibilities and requirements, its ability to then handle 

dynamic changes and the development of risk are evident as it allows the Project Organisation to learn 

though review as the project develops. The literature suggests that through efficient integration of Systems 

Engineering elements into Project Management better Project Governance will able to be achieved, even if 

this is just in the form of improved estimation in the early stages of a project. Through their review 

Locatelli et al. (2014) have suggested four (4) Systems Engineering approaches and six (6) Systems 

Engineering techniques and tools that may be able to support Project Governance further which are 

summarised in the following table.  

 

Table 2 SE Approaches, Techniques and Tools with potential benefit to PM (Locatelli 2014) 

Systems 

Engineering 

Based 

Governance 

SE 

Approaches 

Systems Thinking – Understand and analyse the different elements of a 

system to understand the complete systems, impacts, consequences, 

complexity, risk, leverage of each individual element and then the system 

as a whole.   

Open Systems Approach - The open systems approach is a methodology 

that continuously interacts with its environment or surroundings, adapting 

and evolving requirements throughout the system's life to cope with 

changes and new requirements (DoD 2002 seen in Locatelli et al. 2014). 

Multidisciplinary Approach – Ensuring that the Project Scoping team has 

the necessary skills to make accurate estimations in all stages of the product 

life cycle 

Top Down and Bottom up Approach – The Vee Model to ensure that all 

requirements are ascertained and that information is spread throughout the 

Product team 

SE 

Techniques 

and Tools 

Integrated Product Team – A multidisciplinary group of people who are 

collectively responsible for delivering a defined product or process 

(INCOSE 2015). 

System Integration Process - Product integration is the engineering of  

the subsystem interactions and their interactions with the system 

environments (both natural and induced). 
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Figure 12 System Integration Process (Hirshorn 2016) 

Modelling and Simulation – Can give results to the anticipated systems 

behaviours. Can be run before development or commitment meaning that 

they able to assist in the decision-making process. Models and Simulations 

can also give a good medium for information transfer through the product 

team 

Trade-off analysis - Trade studies identify desirable and practical 

alternatives among requirements, technical objectives, design, program 

schedule, functional and performance requirements, and life-cycle costs are 

identified and conducted (DoD 2001). This also allows the product team to 

leverage expertise from other SME’s outside of their organisation 

SE Management Plan - The SEMP is the primary, top-level technical 

management document for the project and is developed early in the 

Formulation Phase and updated throughout the project life cycle (INCOSE 

2015). 

Requirements Management Tools – Requirements management is the 

only thing that will eventually ensure that the project is able to be measured 

as a success or not. Gotel and Finkelstein (1994) as seen in Locatelli et al. 
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(2014) states requirements management is; 

 

 “ability to describe and follow the life of a requirement, in both a forwards 

and backwards direction” 

The backwards direction is also important to ensure that “scope creep” 

and/or interface change requirements are documented of configuration 

controlled to ensure that the assessment baseline for the product and the 

stakeholders is aligned.   

 

Figure 13 Requirements Management Process (Hirshorn 2016) 

 

 

Locatelli et al. (2012) believe that with these aspects of system engineering Project Management 

and Project Governance will be improved through better planning and control. It can be seen that the 

wholistic approach to a Project and treating the project management in itself as a system-of-systems will 

change the point of view of Project Managers drastically. With this approach Systems Engineering can 

further identify the requirements for tailoring of there documentation dependant on the requirements. 

NASA (Hirshorn 2016) classify there projects into type ratings based on certain criteria that they 

determine govern the complexity of the project. These criteria are based around Mission Description, 

Priority to Strategy, Acceptable Risk Level, National Significance, Complexity, Lifespan, Cost Guidance, 

Alternative Applications or value addition, Reusability, and Success Criteria. They also go as far to give 

historical examples of projects and their type to easily identify commonality. Through this they then give a 
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matrix of all System Engineering documentation that they would expect and what has the potential of 

tailoring. This in fact shows that the organisation is self-learning and that lessons learned in previous 

projects can be adapted and applied to future endeavours. It can therefore be seen that Systems 

Engineering approaches and techniques have great potential to improve the Project Management body of 

Knowledge and potentially increase responses from project managers and project organisations for Project 

Management Success. 

 

 

Figure 14 Systems Engineering and its potential effect of Project Governance (Locatelli et al. 2014) 

2.1.6 Research Gaps 

There is evidence of deficit in the literature identified, in relation to the effectiveness and 

efficiency gains that System Engineering techniques may provide to the field of Project Management. 

Noteworthy exclusions in summary include; 

• A lack of definition of what makes a project complex, what makes project mangers turn to 

the explanation of complexity and how Systems Engineering may create more 

understanding in Project Teams and a learning culture in Project Organisations. 

• A lack of further explanation of how the areas in System Engineering that crossover into 

Project Management may be used to further amplify the effectiveness of Project 

Governance. 
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• A lack of distinct documentation or Project Management practices that should be targeted 

for tailoring using System Engineering Techniques 

• No identified links between the utilisation of Systems Engineering techniques in Project 

Governance and the effect it has on Project Delivery success. 

• No identified links between the utilisation of Systems Engineering techniques in Project 

Governance and positive value generation for Project Managers. 

 

It is a common theme throughout Project Management and project literature that when there are 

situations or results that do not achieve their desired results or are unexplainable at the time that the 

project is deemed complex. As stated in Ertas, A (2018) the definition of complexity to date does not have 

an agreed upon definition. There have been statements that try to base complexity on some form of 

quantifiable parameter such as “size, entropy, information content, thermodynamic and information 

required to construct, computational capacity, statistical complexity”. This in itself then can not be 

expanded upon. Taking size as an example, what is it about this parameter that make something complex? 

A granite stone as compared to a granite boulder are of different sizes but nothing about the construct is 

different, can the larger be said to be complex? Although moving a granite stone compared to a granite 

boulder may cause other issues to arise. It can be seen in this presentation of the argument of complexity 

must have a secondary input to scale the quantifiable parameter. If we take this analogy into Project 

Management, depending on the organisation they may have the tools or the processes to move the boulder. 

This may be through the equipment required to move the large weight via System Engineering Tools and 

Techniques, or via breaking the object into manageable pieces via System Engineering Processes. No 

literature defines this secondary input for scaling the parameters of complexity. 

 

 

It can be seen in the literature that multiple researchers and institutions have drawn distinct 

connection with the possibility of integrating Systems Engineering Techniques into  Project Management 

and project governance. It must be questioned then that will these parallels being drawn and both 

disciplines having been around for a substantial part of the technical revolution why is it that projects are 

still seen to be having such low success rates. It is theorised in this research that this may be contributed to 

the fact that the integration of these techniques is producing controlled scoping and oversight in the 

product domain of the project meaning “Project Success” while possibly being incorrectly applied to the 

project governance leading to “Project Management Failure”. As the governance of the project has a large 

influence on the success of the product overall success in both areas can only be somewhat achieved 
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which could also be interpreted as the causation from the Project Management survey results 

aforementioned in this research.  

 

Locatelli et al. (2014) has built on the idea from Shenhar and Dvir (1996) that project success and 

project management success may not be related, stating:  

“In our journey toward a comprehensive understanding of project success, one should not 

confuse any more between project management success and project success. Semantically, project 

management success refers to efficiency, an internal concern to the project team, and project success 

embraces concerns for efficiency and effectiveness—in other words, all concerns, whether internal or 

external, short-term or long-term”. 

With the current status of results from project management surveys is may be concluded that there 

is still available room for improvement using system integration techniques for the development of project 

management and project governance may be available when we look at a project as a System-of-systems. 

It can be seen that the in-depth nature of the System Engineering techniques to analyse requirements and 

ensure that all components of a system are integrated in there most efficient manner to achieve overall 

compliance, can be adapted with the right application for project governance. No literature states how 

System Engineering techniques may be used in distinctively different ways to achieve both Project and 

Project Management Success. 

 

The PMBOK (PMI Inc., 2021), ISO 21500 Guidance on Project Management (2012), INCOSE 

Systems Engineering Handbook (2015), and the NASA Systems Engineering Handbook (Hirshorn 2016), 

all recommend the same or similar documentation when it comes to Project Management through Project 

Governance. Reading through the guides there is very little recognition in what should tailored to suite 

projects that have different requirements especially when it come to how System Engineering techniques 

may shape Project Management for the better. Locatelli et al. (2014) shows his findings, through literature 

review, where different Systems Engineering outcomes could potential influence aspects of Project 

Management like Cost, Quality, Time and Risk but fails to directly correlate how it should be applied in 

the Project Management profession. 
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Figure 15 Areas identified in literature where SE could assist in areas of PM (Locatelli et al. 2014) 

 

All research has drawn conclusions through academic theory and literature review that the 

integration of System Engineering with Project Management will achieve better results. Some such as 

Locatelli et al. (2014) have given examples of project whereby success has been contributed to the 

application of Systems Engineering but there is not definitive measure that this was the definitive 

application of Systems Engineering techniques or if it was attributed to an instinctively Systems Thinking 

Project Manager. Through all the literature that has been disseminated in this research there are no direct 

value generation benefits or measurable efficiency improvements provided. This is often to the fact that 

projects are reactive and do not often change until necessary. There is hear an ability to compare then how 

it is to how it was, but in lieu of running two (2) comparable projects, one using Systems Engineering 

techniques and one without, it is hard to prove the necessary gains to continue research into this topic. It is 

hope that this research will be able to identify some assumed targets or Key Performance Indicators to 

successfully convince the beneficial use of Systems Engineering techniques in Project Management.  

 

 

3 Methodology 

Research has been conducted with the aim of identifying and defining. 

• Complexity in Project Management 

• Area’s where Systems Engineering may reduce variability. 

• Measurement area’s for the application of KPI’s to support CBA 

Though this it is hoped that the research may propose; 

• Frameworks, Documentation and processes that are measurable, and that improve value in 

projects by increase effectiveness and efficiency. 

 

Three different methods have been used to be able to meet the primary and secondary aims of the 

research: 

• Literature review  
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• Survey, and  

• Interviews 

 

To further investigate complexity, the use of Systems Engineering approaches and techniques, 

what is means to Project Management and how it can be applied both literature review, survey and 

interviews with practicing project managers have been used. The literature review has led to an area where 

the definition of complexity is quite vague, although both Project Management and Systems Engineering 

alike use it in descriptions for variability in their bodies of knowledge. To further understand the 

application of this term targeted questions have been used in both the survey and interview on how 

practicing professionals view complexity in Project Organisations.  

 

The results of the three methods will be used to either validate or disprove the use of the term 

complexity when understanding poor performance in Project Management. This will hopefully lead to a 

common scaling factor for variables that have historically been labelled as complex, and in turn possibly 

generate a datum for measurement for other projects.  

 

Throughout all three methods and as they arise, possibility for the integration of Systems 

Engineering techniques for the better or project management will be investigated. Targeted areas of 

Systems Engineering will be utilised to create a baseline of information for the research and any other 

suggestions by participants or in the literature will be brought forward to be potentially entered in the 

research or to be included in the further work section. 

 

All three methods will hopefully identify common areas and trends as well as any outliers 

between findings to establish a baseline of information to be the foundation for improvement and 

development of practices and processes in the Project Management domains. Although all three methods 

will not be conducted concurrently, the aforementioned literature and any further examples has always 

been referred to for the validation of results in the survey, interviews or correlation of data. 

 

3.1.1 Literature Review  

The literature has been used to summarise and report the main findings, conclusion and discussion 

points available in the research community currently. The literature review also helps to understand the 

boundaries of the Project Management issues in questions and seeks to find sources that align for 

evaluation and critique. Due to the length of the research they literature relating to the topic has been 

summarised to those points that are deemed to be highly relevant to the area of research in section 2. 
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Although the organisation of this literature is mostly concentrated in the review, where deemed suitable 

references will be used to literature throughout the paper to support findings and discussion.  

 

3.1.2  Survey  

  The survey will be used to extend on the literature review by asking participants key question 

focussing the four (4) common areas to Project Planning & Control (PM) and System Engineering (SE) 

identified by NASA (Hirshorn 2016) and the Wellingtone Project Management Survey (2020). The 

Survey may extend into other areas of Project Management to ascertain connection to the four (4) 

common areas. A selection of different response types will be used to try and gather information in a 

format that is easy for the participant to complete in about 30 min. Targeted questions with sliding scale 

(i.e. selection of 1-7) will be used to be able to compare results effectively between the participants. The 

survey will also give room for the participants to type their own definitions and understanding for terms 

such as complexity, integration, and systems engineering to compare the with the literature definitions and 

between participants.  

 

It is targeted that all active Project Managers at Kongsberg Aviation Maintenance Services AS 

will participate in the survey portion of the research at a minimum. It is also the intention to make a digital 

version of the survey that may be sent to the broader network of Project Professionals that are connected 

to the organisation in some instance, either through projects collaboration or personal connection. The 

extension to the Kongsberg Aviation Maintenance Services staff will act as a control to validate the core 

results.  

 

The intent of the survey is to produce quantitative data in relation to the aims of the research to 

support the hypothesis that Project Managers are struggling in common areas that could be improved by 

the implementation of System Engineering approaches or techniques. A demonstration of the survey and 

the results are placed in Annex D. Due to some of the participants preferring to answer in Norsk the 

original and the translation will be made available.  

 

3.1.3 Interviews  

  The purpose of the interview will be to develop on the findings and responses from the literature 

review and the survey. Once the survey results are compared questions will be asked of the interviewee to 

elaborate on sliding scale responses if they are deemed to be an outlier or if a written response is 

significantly different to the group. If an outlier is determined to be relevant by the interview response 

from the participant, it will continue to be used in the findings. If an outlier is seen to be from a 
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misunderstood question, there will be a chance for correction in the interview. For this period, the 

interviews will mostly be based with the other Project Managers and Kongsberg Aviation Maintenance 

Services and therefore may be a reduced volume from the survey participants.  

 

The secondary portion of the interview will be aimed at asking open ended questions about the 

interviewees views on the four (4) common areas to Project Planning & Control (PM) and System 

Engineering (SE) identified by NASA (Hirshorn 2016) and the Wellingtone Project Management Survey 

(2020), the current state of the project organisation, and areas that the participant may see improvement. 

The interview will then move into the four (4) approaches and six (6) tools of System Engineering 

identified by Locatelli et al. (2014) and see if the participants see any potential benefit to project 

management from their inclusion. The last portion on the interview will focus on measurement of value 

generation and success in project management, the current situation and any areas where they think 

improvement can be made. All questions have attempted to be asked in a open ended manner such that the 

participant is not lead to a response. If the participant is unsure of a Systems Engineering approach or 

technique that is being asked of them, they will be given an opportunity to try to define, a definition will 

be given to them but then only a response of yes or no will be recorded for their opinion if it would 

generate improvement to ensure that bias from the interviewer is not involved. 

 

It is the main objective of the interview to validate the survey and the literature review findings 

and identifying additional advantages and disadvantages to the introduction of Systems Engineering 

approaches and techniques, and perceptions of these methods in relation to Project Management 

 

The interviews are not recorded due to the fact that some of the interviewees may prefer to 

communicate in Norsk. Notes from the interviews will be taken in English and required translation of the 

participants answers will either be translated by the interviewer or a translation service. A demonstration 

of the interview template and the response note are placed in Annex E. 

 

 

3.1.4 Analysis and Correlation of findings  

Analysis of the findings from all three (3) methodologies will be conducted to access the validity 

of the data compared to one and other and baselined against the current literature. The results will then be 

used to determine if the problem statement was valid and if there existed the potential for further 

investigation on possible solutions. 
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The results were then used to be able to determine where Systems Engineering Principals, 

Techniques and Process may be used in Project Management to be able to better quantify variability and 

give better value in the outcomes of Project Management Success and not just Project Success. Results 

will be examined further in Section 4: Results and Discussion. 

 

 

3.1.5 Risk Management Plan  

Please see Appendix F for the Project risk management plan 

 

3.1.6 Project Resources 

Please see Appendix B for the Project resource Requirements 

 

3.1.7 Timeline 

Please see Appendix G for a timeline for the project 

4 Results and Discussion 

4.1 Complexity of projects and the need for Systems Thinking. 

 

As previously mentioned in the research there is sill a lack of agreement among scholars with the 

definition of complexity (Ertas, 2018) and what in fact is being measured (Mitchell, 2011). We can see 

that through the survey conducted by KPMG (2019 & 2020) and Wellingtone (2020) that complexity is 

stated as the reason for some of the failures in project management but how are we able to attribute 

causation to something that has historically been ill defined and unmeasurable. KPMG (2020) specifically 

state that 

 “successful Project Managers requires more than training and certification in technical project 

management…the skills most needed to be effective are clearly pointing to the need for the future Project 

Manager to be more capable in managing complexity.” 

 

We can see that in the responses from the surveyed members that all deemed that their project had 

some form of complexity but none of the descriptions of what they were measuring against as a definition 

was the same. This in itself is further evidence that one of the main causes of the problem statement 

approximately half of projects are not being delivered to the original projects intent. The inability to 

identify requirements leading to further change or poor management of arising change may be the reason 

that along with the failures in Project Management only 42% of the projects are delivering on the 
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stakeholders intent. It was seen that during this research that KAMS did not have a adequate requirements 

analysis or change management process as a part of their Quality Management System (QMS). They did 

have the required processes for Configuration Management, Process and Capability Change as required in 

the aviation industry but there was little in the P-180 Project Management Procedure (KAMS, 2023) on 

how the KAMS analysis and baselines requirements besides the fact that it was up to the Project Manager. 

The procedure did leverage on processes developed for the KAMS parent organisation Kongsberg 

Defence and Aerospace (KDA) but as much of their market was the development and manufacture of new 

products and therefore focuses on the initiation phase it did not necessarily translate into the Maintenance, 

Repair & Overhaul (MRO) of products during the through-life project phase. These initial factors coupled 

with the fact that is it is historically complicated to retrofit change to existing projects may be the fact that 

the difficulty in navigation, measurements and management of requirements and change to requirements is 

often disguised under the title of complexity. 

 

 

 

Figure 16 Question 12 Survey Response: How complex is your project? 

 

Participant 4: “Reliance on different unique tasks, actions and potential stakeholders, each 

related to different risks and impacts” 

 

Participant 6: “Project management involves a lot of stakeholders with different views and 

understanding of the project, and what it takes to deliver the project according to the contract. It is also a 

project in continuous change which make it difficult to plan” 
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Participant 8: “The mix of many interests which not necessarily all are aligned.” 

 

The research shows that there are two distinct areas of complexity being situational and cognitive 

(Warfeild, 1994, cited in Ertas 2018) and to understand better where difficulty comes from we must first 

define on which side of complexity the unknown lies as they both may be able to be treated with different 

application of engineering process. For example, situational complexity in Project Management may be 

addressed with a more robust procedure or the further application of treating a project with many aspects 

or interlinked stakeholders as a System-of-Systems. Here the application of the System Engineering 

Principal will mean that the numerical size of basic elements in the system, variety of the elements and 

relationship between them will all be able to be managed through basic business and system integration 

processes. The cognitive area is a little harder as it relies more on the human factor and the learning 

capacity of the Project Manager and Project Team to reduce complexity. The Project Organisation will be 

able to use such System Engineering processes as Model Based Systems Engineering (MSBE) and the 

Requirement, Functional, Logical, Physical (RFLP) to be able to transfer information and baseline the 

cognitive understanding level in the project (Vu, 2015). It is possible that the issue can have attributes 

laying in both sides a combination of processes may be used to reduce complexity. For example, where a 

project is so large that it induces situational complexity there may also be cognitive issues as no one 

person may be able to hold all the information related to producing successful project management.  

 

As the term complexity can be hard to manage and is ill defined in Project Management practices 

this research proposes for the Project Management Body of Knowledge and other associated Project 

Management information, guides and procedures to begin using the team variability in its stead. Reasons 

for this are backed by the meaning of variability in Mathematics particularly statistics, Quality 

Management and Engineering. In statistics, variance measures variability from the average or mean. This 

can be aligned to Project Management in the way that requirements should be baselined, set as the average 

or mean, and any change that would normally be stated as complexity should be labelled as variance. In 

theory the degree of this variance should be able to be measured by either time, money or resource that 

will be required to cope with the change. If this change comes from a shift it stakeholder requirements the 

measurement could be used as a target or milestone of success. If the variance comes from missed 

requirements or poor estimation in Project Management and Planning, the measurement away from the 

baseline should lead to continuous improvement of the process, person or team that missed. 

Communication in both cases should be sent to all stakeholders on how the potential under or over 

estimate will be managed.  
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Quality Management uses the same statistical set up for the measurement of successful outputs as 

that is used in statistical analysis (Montgomery, 2013). Looking again at fig 9. other analogies to project 

management come forth. Looking at the controllable inputs X1 to Xn These should be considered as the 

internal project management processes, the project manages training, the number of resources the project 

will have. The uncontrollable factors such as additional customer requirements, customer funding, project 

staff turnover will all cause the Critical-to-Quality (CTQ) or in this case Critical to Project Management 

score to require further monitoring that could in tern cause additional funding, time or resource 

requirements. In this instance all efforts of the Project Manager should be made to either turn the 

uncontrollable variables into those that are either controllable or have the dynamic reactions as a part of 

the project management plan for these situations such as those that are part of a business continuity plan 

(ISO, 2019).  

 

Survey Response: Where does Complexity come from in your Project? 

 

Figure 17 Question 13 Survey Response: where you believe the most complexity comes from in your 

project? 

 

 

4.2 Causes variability and possibilities to remove or reduce 

 

The survey provided an interesting finding in regard to the definitions and understanding of 

complexity and variability by the members. All responses stated that there was some level of variability in 

their projects and stated some of same reasons that where outline when asked about complexity but when 

questioned on ways to reduce variability two (2) of the respondents stated that, reduction in variability was 
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not possible while the others stated similar answers to those of complexity. When we compare the leading 

causes of variability in the survey responses to those of complexity in the table below, we can see that 

there are four (4) distinct areas that have been grouped that show signs of causing both factors. The two 

outcomes from this area of the research is that; complexity has a poor definition and is too broad to 

actually pinpoint the problem; also, variability need a better definition for Project Managers to see that 

unknowns in the projects are the causation of complex issues. Variability comes from the Latin word 

variabilis which means “to change” (Harper, n.d.). Trying to find the root cause from the survey, and even 

look into the statistics from some of the external surveys like KPMG (2019 & 2020) or Wellingtone 

(2020), respondents are not reacting to not knowing or being able to control the variables in their project, 

including internal items such as procedures and methodology but labelling it complexity. It can easily be 

explained in the example of a mathematical equation like the basic linier equation 𝑦 = 𝑚𝑥 + 𝑐, m and c 

are constants such as the finance constraint or the Project Manager but a change in the variable x will give 

a different result. Projects are not linear equations, and may have hundreds of variables, missing just one 

will give a different outcome which could be significant. It then should be attempted by all organisations 

to turn all variables into constants and a start can be with the methodology and procedures which in a way 

is standardising the equation that will be used.  

 

Survey Response: Where does Variability come from in your project? 

 

Figure 18 Question 10 Survey Response: where you believe the most variability/changes comes from in 

your project? 
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Survey Response: Maturity of Organisation 

 

Figure 19 Question 46 Survey Response: What is the maturity level of the following in your organization? 

 

 

It can be seen in the survey response from the KAMS Project Staff that the average repones for 

differing levels of maturity in the organisation are comparable to those from the 2020 KPMG Project 

Delivery Performance survey (KPGM, 2020). It can be seen thought that in many areas across project 

management both sets of results are showing that organisations only have moderate to robust management 

processes on the areas that greatly affect the outcome of projects. Highlighted in these results are the 

emphasised areas of this research including Stakeholder Engagement (Management of Project Scope and 

Requirements), Risk Management and Planning where both KPMG’s 464 respondents with KAMS 9, 

scored all three (3) areas closer to moderate than robust on average. This overall result shows that the 

procedures in place to take out variability and complexity in Project Organisation is not at the level it 

needs to be to ensure Project Management Success. This also confirms the 4th Why in the bases of this 

research, suggesting that the Project Management Body of Knowledge has a gap in what creates 

variability in projects and fails to combat this in guides such as the Project Management Body of 

Knowledge (PMI Inc. 2021) and ISO 21500 Guidance on Project Management (ISO, 2012). 
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Survey Response: What do you use for the basis of your Project 

Management practices? 

 

Figure 20 Question 9 Survey Response: What do you use for the basis of your Project Management 

practices? 

 

Warfeld cites Miller in Ertas (2018) who developed twenty (20) laws of complexity in order to 

quantify and evaluate complexity. The suggestion of this research it that as a start if Miller’s the twenty 

(20) laws can be distributed between situational and cognitive complexity and a Systems Engineering 

approach to reduce variability can be attributed to each, then the objective of defining complexity of 

projects and the need for systems thinking will be at an initial stage for trial among Project Managers. The 

following is a suggested framework that integrates Systems Engineering into Project Management that 

that may be utilised by Project Organisation, Management Offices, or Project Managers that should give 

better guidance that the current Project Management Body of Knowledge on potential reductions in 

complexity. The below tables, expanded to visible size in Appendix A, show that there is a number of 

System Engineering Procedures and Process that have been proven on successful projects like NASA 

Mars Pathfinder (Nicholas, J.M., Steyn, H., 2008, cited in Locatelli, Et al, 2013) which exceeded its 

mission success parameters by 12 times and distinctly showed that accuracy in requirements were able to 

reduce complexity and put low cost sensing equipment into space exploration (NASA, 2023) 
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Table 4 SE Procedures for the Reduction of Situational Complexity in Projects (See Appendix A) 

 

 

Table 5 SE Procedures for the Reduction of Cognitive Complexity in Projects (See Appendix A) 

 

 

Miller (cited in Ertas, 2018) suggests it with the complexity law of Vertical Incoherence of 

Organization, this is also shown in another way in Van Marrewijk (2005) and summarised well in 

Locatelli (2013) whereby if the Project Manager and their project team do not have the ability to use firm 

procedures and progress, taking it upon themselves to conduct the method correctly with consequence,  

they will never have the emotional investment into the Project. Van Marrewijk states this as the “Control 
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Law of Brief Description Busin
es

s o
r M

iss
ion

 Analy
sis

 Pro
ce

ss 
(IN

COSE
)

St
ak

eh
older

 Ex
pec

ta
tio

n Def
initio

n (N
ASA

)/S
ta

ke
holder

 N
ee

ds a
nd 

Req
uire

m
en

ts 
Defi

nitio
n Pro

ce
ss 

(IN
COSE

)

Te
ch

nica
l R

equ
ire

men
ts 

Def
initio

n (
NASA

)/S
ys

te
m

 Req
uir

em
en

ts 

Def
ini

tio
n (IN

COSE
)

Lo
gic

al 
Dec

om
po

sit
ion (N

ASA
)/A

rch
ite

ctu
re

 D
efi

nitio
n Pro

ce
ss 

(IN
COSE

)

Des
ign

 So
lutio

n Def
initio

n (N
ASA

)/D
es

ign
 D

efi
nitio

n Pro
ce

ss 
(IN

COSE
)

Te
ch

nica
l P

lan
ning (

NASA
)/P

ro
jec

t P
lan

ning P
ro

ce
ss 

(IN
CO

SE
)

Pro
jec

t A
sse

ssm
en

t a
nd

 Co
ntro

l (I
NCO

SE
)

Req
uire

m
en

ts 
M

an
ag

em
en

t (N
ASA

)

In
te

rfa
ce

 M
an

ag
em

en
t P

ro
ce

ss 
(N

ASA
)/ 

Int
er

fa
ce

 M
an

ag
em

en
t 

(IN
COSE

)

M
od

el 
Bas

ed
 Sy

ste
m

s E
ng

inee
rin

g (
M

BSE
) (I

NCOSE
)

In
te

gra
te

d Pr
od

uct 
an

d Pr
oce

ss 
Dev

elo
pm

en
t (

IN
COSE

)

Te
ch

nica
l R

isk
 M

an
ag

em
en

t (
NASA

)/R
isk

 M
an

ag
em

en
t P

ro
ce

ss 
(IN

COSE
)

Con
fig

ur
at

ion M
an

ag
em

en
t (

NASA
)/C

onf
igu

ra
tio

n M
an

ag
em

ent
 Pr

oce
ss 

( N
COSE

)

Te
ch

nica
l D

at
a M

an
ag

em
en

t (
NASA

)/I
nfo

rm
at

ion M
an

ag
em

en
t P

ro
ce

ss 

( N
COSE

)

Te
ch

nica
l A

sse
ssm

en
t (N

ASA
)/ 

M
ea

su
re

m
en

t P
ro

ce
ss 

(IN
CO

SE
)

Dec
isio

n A
naly

sis
 (N

ASA
)/D

ecis
ion M

an
ag

em
en

t P
ro

ce
ss 

(IN
COSE

)

In
fra

str
uctu

re
 M

an
ag

em
en

t P
ro

ce
ss 

(IN
COSE

)

Hum
an

 Reso
urce

 M
an

ag
em

en
t P

ro
ce

ss 
(IN

CO
SE

)

Know
led

ge
 M

an
ag

em
en

t P
ro

ce
ss 

(IN
COSE

)

Proposed Benefit

Organisational Linguistics

Communication may not translte between 

hirachial levels of an organisation due to level 

language being designed to satisfy level 

requirments. 

X X X X X X X X X X X X X

These Processes will no change that level requirments in an organisation but haveing the 

correct members involved accross these procedures will make a dictionary of like terms that 

can be used accross a project to aid translation between levels

Suucess and Failure

Componets that a group require to face 

complex problems (I.e. Leadership, Financial 

Support, Component Availiability, Environment, 

Participation, Documentation and Proccess)

X X X X X X X X X X

Majority of these process are to be internally met by the project organisation to ensure that 

the Project Team has the relevent components to become successful. Reducing Variability by 

the buisness understanding that project requirments will make a more cohesive organisation

Structual 

Underconceptulisation

Lack of complete mapping of the relationship 

between components of a system effecting the 

behavior of the components

X X X X X X X X X

There processes are used to define the connection between the elements of a system. More 

effort placed into tis mapping at the start of projects will ensure stakeholders are idetified 

and ensure that changes are flowed through the correct paths.

Vertical Incohearance of 

Organisation

Pre-exhisting organisational patterns and 

behavior causing lack of alignment, consistancy 

or clear comunication between hirachial levels

X X X X X X X X X

These Processes are designed to make an organisation look internally. If a Project 

Organisation creates a good foundation but decetralises the computational ability of the 

workface they may be able to process larger workloads

Inherant Conflict

Differeing groups or inderviduals will disagree 

on the improtance of differeing aspects due to 

different backgrounds and liguistics

X X X X X X X X
These Process will ensure tat all members know the revevent requirments of the project. 

IPPD and decision management will allow the priorities and important aspects

Forced Substitution
Personnel substitution in a group in an attempt 

to induce results
X X X X X X X X

Althought sometimes nessasary, good project management, HR and Knowledge Management 

processes should have the right peolple in te right part of the Project Organisation. To reduce 

complexity in this stage SE Decision Making Process with a foundations from Reuirments set 

by the scoping processes should push a result. 

Limits
Limits that define the relationship and 

performance of the System or Project
X X X X X X X

Otput artifacts of Technical Planning look in detail iis the Cost Estimates, Shedules and 

Resorse Requests against the designated requirements of the Project. All processes aroudn 

that will set the requirments for the Plan. Measurement and Control will ensure that the plan 

is current, relevaent and accurate.

Requisite Variaty

The number of requisit specifications and 

design variable that require consideration to 

obtain desired outcomes

X X X X X X X

Good Scoping, Requirments, and Interface Management should ensure that requirements for 

the project are followed. In projects where there are alot of specifications to follow the 

organisation should prioroties the infratstuture to support them

Triadic nesessity and 

suffereancy 

Understanding that all complex relationships 

normally consisit of three (3) relational 

components at their basic level and that giving 

to one component to satisfy a connection will 

take away from the others.

X X X X X X X

SE mapping and modeling may bring the benifit to better understand the ramifications of 

decisions. Athought there still may need to be comparamise, systems engineering techniques 

may limit the need for iterations

Diverse Beliefs

Using diverse teams leads to different 

experiance and trade language that can lead to 

the inability to cooperate from a unified point 

of view.

X X X X X X
Cetralised Learning such as MBSE and Team Membersbeing involved in Requiremets Finding 

excersizes should aid to give all a baseline. 

Requisite Saliancy

Not all factors affecting a system are of equal 

weight. Relative importance of factors in a 

system that will define performance. 

X X X X X X
Establising Requirements and establishing a system plan will give the information to wight the 

requirments to the appropriate level.

Gradation

Differeing bodies of Knowlegde arise at 

different levels of the organisation and it is 

uncommon for all levels to be used to solve a 

problem

X X X X
Decision Management Processes will ensure that no matter the level that the problem is 

solved at, there will always be deseminated infromation througout the Project Team

Induced Groupthink

During time constraints decisions of a group 

may represent results that have not been 

thought out properly by all inderviduals. 

Decisions also may be against the views of 

inderviuals. 

X X X

Adequate planning and Project Control should try and reduce the likelihood of complexity 

from this situation arising. Good decision management protocols and procedure should not 

allow for decisions to be made when there isn't a quorum. Other tactics like "Devils 

Advocate" may be required.
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Proposed Benefit

Universal Priors

The understanding that language, reasoning, 

relationships and the ability to apply this is 

apparent in the members. New 

systems/situations that where members have 

no prior information can therefore be difficult

X X X X X X X X X

Good HR and Knowledge Management Processes are key to hiring and retaining the relevant 

people to the organization. Good training management and distribution of information 

through practices like MBSE are key to aligning knowledge, especially in new systems

Small Displays

Tendancy for Inderviduals to accomadate 

problem to the size of there prefered media 

(i.e. A4 Paper, Computer Monitor). Limiting 

display will limit the complexity of problems 

and hinder conceptulisation

X X X X X X X X X

SE trecniquest like MBSE may give the project organisation the background knowledge to 

beable to decrease the size of the issue to a manageble view with the understanding of 

percived knowledge. Oter SE processes like Logical Decomposion will ensure that the most 

important elements are idetified and reduce complexity in displaying problems. 

Triadic Compatability

Human mind can only deal with seven (7) 

conceptual components simutaniouly. E.g. 

three (3) System Elements and four (4) 

interaction combinations between them.

X X X X X X X X

Utalising these SE tools the Project Management team should be able to break the Project 

into considreed elements where Intergration Teams and Leads will spread the Cognative Load 

and Report Back to the PM or PMO who will act like the SEIT 

Validation 

The validity of Knowledge within an 

organisation requires the consensus of te 

organisation

X X X X X X

Much of this lies in the culture of an organisation and in some situations could also be based 

around the law of induced group think. Good HR process, Knowledge Management and IPPD 

should reduce variability in this field

Preculded Resolution

The absence of proper discription or modeling 

of an issue leading to the inability to properly 

sort th issue itself. Without this it is based on 

the cnceptualisation on an indervidual member

X X X X X X

I could be argueed that there would be  alarge benifit in Project Managment adopting the 

MBSE tecnique to flow information through the Project Organisiton. This coupled wit Logica 

Decoposition woulld mean that that the root cause of issue might be more easily identified 

and issue could be resolved at the appropriate level

Requisite Parsomony
Human can only collect and process 

information at a cirtain rate
X X X X X

Although PMBOK write of information sharing and communication through a Project 

Organisation and Project Manager the SE Handbooks and associated process dive deeper into 

Data Products, Data Exchange Formats and Information Management Stratergies/Plans. 

Correct information sharing combined with 

Uncorrelated Extreams

Learning Proccess starts from different 

backgrounds meaning that initial perceptions 

are uncorrelated extreams prior to learnig 

process

X X X X X

The requirments leading into MBSE will give a good platfome for theProject Organisation to 

be able to base the perceved knowedge level on. Reducing unknowns in amoungst the 

organisational members and ensure that on controlled information is flowed to the 

members.

Figure 21 SE Procedures for the reduction of Situational Complexity in Projects 
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and Commitment” of a project where if the Project Organisation has too much say in problem solving or 

the management of a project the project manager of delegates in the project organisation will loose there 

caring to contribute to the problem solving. This show that the process that are put in place by a Project 

Organisation must have some hierarchical control and decentralisation or delegation of decision making 

and responsibility. This will have the expected flow on effect that deeper analysis of requirements, 

variables, and risks will take place due to the fact that the responsibility will now be on the individual and 

they may not feel like they have the organisation to hide behind. In this sense the Project Organisation will 

also have a greater responsibility to the subordinates to provide them with the infrastructure to be able to 

succeed in a methodical and measure way. This is another area where the distinct practices of Systems 

Engineering may assist in reducing variability.  

 

It has already been stated that without up to date Project Management procedures and tools that 

18% of projects are likely to fail from the outset. In an age of the rapid rise of technology and software 

and the obsolescence of a product in shorter timeframes there is an inherent addition of variability for the 

management of projects. Consequently, there is need to ensure that the methodology is taught instead of 

the tool itself. For example, respondents of the survey stated that only three (3) out of the eight (8) 

respondents stated that the used the company approved planning software when controlling their projects 

and had said that they did not have a Project Specification or Project Management Plan which is part of 

the KAMS P-180 Project Management Process. Some Project Managers as part of the survey took projects 

that had been around before the re-write of the P-180 procedure and service projects that had been going 

on for a number of years but this still means that any previous practices either did not have these 

documents as part of their requirement or they we not completed. It can be seen that when the tools and 

processes are not in place that it is only the experience of the Project Manger that governs the generation 

and accuracy of project artifacts that are designed to limit variability. 

 

Out of the four areas cross over areas that this study it looking into; Stakeholders, Risk, Review 

and Planning, Customer and Schedule were in the top two (2) groups for the leading cause of complexity 

and variability the KAMS result did correlate with the Wellingtone survey (2020) although it does look 

like there are some highlighted areas that do need to be addressed. Change Management looks like a 

difficult but valuable process in the view of the KAMS Project Managers which when refereeing to what 

has been written in the complexity definition seems to align as it did not look like there was a robust 

procedure as a part of the KAMS Quality Management System for dealing with Chang control outside of 

physical system configuration management. Planning/ Scheduling seems to have a higher value and 

difficulty for KAMS than what has been attributed in the Wellingtone report (2020). This also is in line 
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with the KAMS Project Managers stating that not all are using the KAMS company approved planning 

software in their projects. One area that does seem to stand out is the Stakeholder engagement has been 

given a significantly less value for KAMS than that of the other results. This is an interesting finding as 

for both souses or complexity and sources of variability Customer/ Contracts was placed at the top and 

almost every respondent stated that “scope change” was the definition of variability in their project. When 

looking at the response to survey question 25: What process do you use to define customer and other 

stakeholder requirements?, every respondent had a different answer. There seems to be a correlation 

between the perceived value verses lack of standardised procedure that may be causing the apparent 

complexity and variability inside the stakeholder domain. How the results were compared was by scaling 

the chart provided in the Wellington Survey (2020) and overlaying the averages of the KAMS Survey. 

  

 

Figure 22 Project Management Process Value vs. difficulty to generate (KAMS vs. Wellingtone (2020)) 

 

Figure 23 Wellingtone Project Management chart (2020) scaled for measurement and KAMS Survey 

responses for Value vs Difficulty. 
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4.3 Areas System Engineering can improve Project Management: 

4.3.1 Stakeholders 

One of the largest components of ensuring that a project is run to budget and schedule is 

understanding the stakeholder requirements. Not only limited to those of the product but of the 

stakeholder business and engagement level. The PMBOK® (PMI Inc. 2021) has the Stakeholder and 

Stakeholder engagement as the first project domain but is very light on the actual stakeholder engagement 

and how to drag out the requirements. Compare this to the Requirements Analysis Process in ISO 15288  

(ISO, 2002) there is much benefit that the Project Management profession could gain from treating the 

Stakeholder domain as another subsystem in the system of systems. 

 

The Project Management Body of Knowledge only has 2 main statements when it comes to 

stakeholder engagement. For stakeholder identification it states: 

 

“High-level stakeholder identification may be carried out prior to forming the project team. 

Detailed stakeholder identification progressively elaborates the initial work and is a continuous activity 

throughout the project.” (PMI Inc. 2021)  

 

and for understand and analyse it says; 

 

“Once stakeholders are identified, the project manager and the project team should seek to 

understand stakeholders’ feelings, emotions, beliefs, and values. These elements can lead to additional 

threats or opportunities for the project outcomes. They can also change quickly, and as such, 

understanding and analyzing stakeholders is an ongoing action.” (PMI Inc. 2021) 

 

In reading this there is the suggestion that Stakeholders will be source of variability throughout 

the project but the only measurement advice to the Project Manager that the PMBOK (PMI Inc., 2021) 

give is to have a “productive working relationship” with he stakeholders.  

 

In Comparison, ISO 15288 Systems engineering - System life cycle processes (ISO, 2002) and the 

further in depth,  ISO 29148 Systems and software engineering -Life cycle processes - Requirements 

engineering (ISO, 2011) have detailed process on how to, identify and engage with stakeholders to elicit 

requirements and ensure that variability is reduced. The “feeling” aspect of the stakeholder that the 

PMBOK (PMI Inc., 2021) is describing that may produce complexity may be partially out of the control 

of the Project Manager and Project Organisation but does not mean that this variable should be a complete 
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unknown. ISO 29148 (ISO, 2011) takes the identification of stakeholder parameters to a deeper level. 

After the stakeholder has been identified through a documented process called Stakeholder requirements 

Specification of (StRS) whereby before the product or service requirements are extracted, the Project 

Manager looks at the stakeholder in question to try and better understand there impact to the project. The 

Stakeholder Requirements Specification analyses topics such as: Stakeholder purpose, Stakeholder scope, 

Stakeholder overview, Stakeholders, Stakeholder environment, Stakeholder Goals and Objective, 

Stakeholder model, Information environment , Stakeholder processes, Stakeholder operational policies 

and rules, Stakeholder operational constraints, Stakeholder operation modes, Stakeholder operational 

quality, Stakeholder structure, Operational concept, Operational scenarios, and Project constraints. The 

project manger might not have all the exact answers for each of the topics mentioned but just having the 

process to consider them could potentially elicit further risks or opportunities and may lead to the 

reduction in variability. Further, it may also give deeper meaning to the emotive words used in the 

PMBOK (PMI Inc. 2021). 

 

The other potion that the stakeholders give to the project is the product, service, time and financial 

requirements. Both the PMBOK (PMI Inc., 2021) and ISO 21500 (ISO, 2012) are severely lacking when it 

comes to giving information on elicit the requirements from different stakeholders t the project and then in 

turn what to do with then once they are extracted. The PMBOK only speaks of extracting requirements 

twice in the stakeholder engagement domain. Instead, it has place the requirements elicitation under the 

deliverables title in the Delivery Performance domain. ISO 21500 seems to be even less effective placing 

it under the definition of scope procedure, and only give the project manager the guidance of:  

 

“The purpose of Define scope is to achieve clarity of the project scope, including objectives, 

deliverables, requirements and boundaries, by defining the end state of the project.” (ISO, 2012) 

 

It can now be seen that with such little value placed in the application of engaging the 

stakeholders, understanding their requirements, and developing relationships and procedures for the 

continued monitoring of evolving information, the Project Manager will induce both cognitive and 

situational complexity into their project and increase the number of undefined variables and unknowns. 

This is most likely the reason that KGPM (2020) reported that only 52% of projects are delivered with 

stakeholder satisfaction.  

4.3.2 Risk 

When looking at the research conduced by KPGM in the 2019 and 2020 Project Management 

Surveys one of the main issues suggested as to why Project Management fails is the failure to engage 
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early with Subject Matter Experts for Risk Identification and analysis. This is often due to the failure of 

Project Management Offices to adequately staff Project Teams during initial investigation exercises. Many 

Project practitioners think that this is expected of them negate unnecessary cost before the promise of 

contract or work. With what is now understand about the results from the KPGM Surveys (2019, 2020) it 

could be argued that this is a failure to invest by the project organisation may be contributing to the fact 

that Projects are only half the time generating the required value for all parties. If compared the amount of 

investment for a group of SME’s on a Project Team to conduct a thorough read through and correct Risk 

Identification and Analysis exercise the financial outlay to get the correct insight may only be the fraction 

of cost of a contractual change order or the overall value of the project for the parties.  

 

Although document like the Project Management Institute’s The Standard for Risk Management 

in Portfolios, Programs, and Projects (2019) states that early identification was one of the keys to success. 

The results of the survey showed that although all project managers felt like they had a medium or better 

understanding of risk in their Project, only half identified that the risks were recorded properly and most 

stated that just 1-3 people were used to identify the risks. If one of those members was the project 

manager, it only leaves room for a max of two (2) SME’s to assist in risk identification. Most said that 

they utilised the correctly identified company procedure to manage risk in the project. Upon investigation 

of the KDA-TMPL-0055_Risk_Assessment_Tool_KAMS that all Kongsberg Aviation Maintenance 

Services Project Managers are using it was seen that many of the recorded risk were identified in the 

incorrect manner as stated in the PMBOK (2017) and The Standard for Risk Management in Portfolios, 

Programs, and Projects (2019). This is historically accurate for all Risk Identification that isn’t supported 

by academia. Many that rely on education outside the Engineering and Academic realms often do not 

construct the correct risk statement when identifying risk. International Standard 21500 Guidance on 

project management (ISO 2012) and the PMBOK (PMI Inc. 2021) state that risks should be identified but 

it is only in lower lever documentation that is shows how this is to be constructed. It could be said that 

most of the project managers in the survey had recorded the Risk (Uncertainty) but failed to identify the 

Cause (Fact or Condition). When this is the case it is often the fact that Project Team Members will find it 

difficult to identify Cost, Technical, Safety and Schedule impacts as the uncertainty may grow outside the 

bounds of the initial cause.  
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Figure 24 Triplet Risk Identification points; Standard for Risk Management in Portfolios, Programs, and 

Projects (PMI Inc. 2019) vs Probabilistic Risk Assessment Procedures Guide for NASA Managers and 

Practitioners (Stamatelatos & Homayoon, 2011) 

It is important that Project Managers and Project Teams set a concise structure to identify all risk 

and ensure that they are measured on the same scale. The PMI Inc. Standard for Risk Management in 

Portfolios, Programs, and Projects (2019) calls for a structure where the risk statement is made of Cause, 

Risk and the Effect. We can see that in the figure taken from both the Project Management Institute (PMI 

Inc. 2019) and from NASA (Stamatelatos & Homayoon, 2011) both identify the triplet of risk 

identification but the NASA Systems Handbook (Hirshorn, 2016) goes further to point out the actual 

procedure and gives good example and process to Risk Identification and Management. Hirshorn (2016) 

states that in 2008, NASA moved away from the traditional Risk Management (RM) through Continued 

Risk Management (CRM) and incorporated Risk-Informed Decision Making as well. Risk-Informed 

Decision Making (RIDM) as described in the Probabilistic Risk Assessment Procedures Guide for NASA 

Managers and Practitioners (Stamatelatos & Homayoon, 2011) state that the RIDM is “intended to inform 

systems engineering (SE) decisions (e.g., design decisions) through better use of risk and uncertainty 

information, such as that resulting from PRA, in selecting alternatives and establishing baseline 

performance requirements”. The RIDM’s ability to assist in decision making in a project by statistical 

analysis of risk has the ability to reduce variability in a project by ensuring that all decisions are data 

driven. This does however mean that additional resources will have to be used during the risk 

Identification and Analysis phase to ensure that all alternatives are correctly investigated. It may be seen 

how this Risk Management technique, that at NASA is designated to assist Systems Engineers, may be 

used in Project Management, but will require further education of practising Project Staff and changes in 

the learning curriculum for dedicated Project Management courses.  

 

Trough review the best approach for Risk Management is that of NASA (Stamatelatos & 

Homayoon, 2011) whereby there is a combination of Risk-Informed Decision Making and Continuous 

Risk Management. If we see it in a timeline and commonality of the identified risk we may be able to 

apply where the best technique may be applied and assist in the tailoring, schedule an level of effort in risk 
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identification, Looking at common risk that is identified through multiple projects such as human factor 

risks, application of the CRM technique will be suitable unless there is a designated effort to reduce the 

risk further that the standard of the Project Management Organisation or governing Health and Safety laws 

require. CRM will ensure that the risk is identified and continuing iterations of Identify, Analyse, Plan, 

Track, Control will continue until the risk is either as-low-as-reasonable-practical/possible or removed. 

RIDM should be instigated where there are Risks that are new to the business, where outcomes are hard to 

identify, or where a Risk’s Cause may be reduced with Alternative methods. In all of these scenarios there 

RIDM process will cause concerted effort from the Project Management team to ensure that correct 

information is fed into the statistical model to give the best solution. One major assistance where the 

Systems Engineering Technique of RIDM will help Project Management is by taking further consideration 

than the PMBOK (PMI Inc. 2021) and ISO 21500 (ISO 21500) is the frequency of risk. It works with the 

assistance of Event Trees (ET) and Event Sequence Diagrams (ESD) to determine the potential conditions, 

uncertainties and results and used statistical analysis to provide a probability of the event.  
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Figure 25 Example: RIDM Probability Matix for Scenarios Leading to "Loss of Vehicle" and Their 

Associated Frequencies Probabilistic Risk Assessment Procedures Guide for NASA Managers and 

Practitioners (Stamatelatos & Homayoon, 2011) 

 

Depending of the timeframe that is determined by the project manager can assist in the efforts for 

where resources are distributed. For example if we look at the F135 Project for Kongsberg Aviation 

Maintenance Services AS. If we take a risk suck as;  
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As a result of lack of experienced mechanics causing incorrect configuration of a F135 Engine 

Module, risk may occur, which would lead to a Quality Escape with attached Financial, Schedule and 

Safety effects. 

Normally this would be split into 3 areas to determine the impact individually of Schedule, Cost 

and Safety but it can be seen that they are all different if accessed on different time scales. If it is stated 

that the project goes over 50 years than the likely hood for a problem with inexperience will be higher in 

year 1 than in year 10 driving a different probability and potentially different decision making. This it why 

that after a risk is identified through the RIDM process it should always transfer to CRM until wither the 

Risk is retired or another decision needs to be made. It was observed that the procedure for KAMS stated 

that risk was only to be taken over the financial year meaning that effective statistical analysis will be able 

to be implemented in the process to give more accurate exposure and reduce variability for the Project 

Manager. 

 

Figure 26 Event Tree (ET) and Event Sequence Diagram (ESD) form Probabilistic Risk Assessment 

Procedures Guide for NASA Managers and Practitioners (Stamatelatos & Homayoon, 2011) 

 

4.3.3 Review 

When looking at the meaning of review, it really means to talk about or revisit information/data to 

see if it hold validity with expectations and the original planning. In a Project Organisation sense this will 

historically look at deliverable, schedule and cost and if any one or all of those indicating factors are 

correct then the review is deemed successful and may not incite change. Normally in project organisation 
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the key indicators are something that is made internally or with the customer and has imbedded the 

inherent characteristics of the project organisation. Looking at Miller in Ertas (2018) 20 Laws to measure 

complexity we can see that trough he laws of Gradation, Group Think and Vertical Incoherence there is an 

imbedded sub context in all organisations that my leak into the way that they measure performance or 

convince stakeholders that they are performing. If we focus on the Law of Groupthink, an organisation 

who operates to a set of Project Management procedures that satisfy internal KPI’s may think that they are 

effective in project management while looking internally without the ability besides outside stakeholders 

to challenge. We can see that even though there may be this challenge, Project Organisations are failing to 

hear the customer need resulting in only 46% of projects being to the stakeholder requirement (KGPM 

2019) and only 51% meeting the original business intent (KPGM 2020). This should not be possible if 

review is effective, there may be areas where wither the Project Organisation or the external stakeholders 

are dissatisfied but the trend is too low. This may be due to the fact that Project Managers are potentially 

only reviewing the product and not the Project Management success itself.  

 

From the nine (9) survey respondents over half said they were running independent project 

reviews to assess for performance of project management delivery and only two (2) of nine (9) stated that 

they score the effectiveness of there Project Management in the delivery of their requirements.  All stated 

it was easy to measure success in their project and most relied on customer satisfaction or contractual 

targets as the datum to measure success. Again, this looks to be a product focused approach and may not 

be indicative to relay the success of project management or the ongoing organisational learning that 

should happen from the outcomes of project management.  

 

 

Figure 27 Question 32 Survey Response: How hard is it to measure success in your project? 
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When looking into the review stage of a Project it is all set by the scoping and planning phases. It 

has already been discussed in this study that there are several Systems Engineering techniques and 

procedures that may have more influence on drawing out Project Organization and Customer requirements 

than those of traditional Project Management like in the PMBOK (PMI Inc. 2021) and ISO Guides (ISO 

2012). Systems Engineering Procedures such as Technical Requirements Definition (Hirshorn 2016) and 

System Requirements Definition (INCOSE 2015) will assist the Project Manager in setting the baseline 

for setting the baseline for the Project but also the targets for the Project Management review. ISO 21500 

Guidance on project management (ISO 2012) shows the interaction and outputs of a Project and states that 

a project should be constantly reviewed, although the word review is only mentioned eight (8) times 

throughout the whole document. The PMBOK (PMI Inc. 2021) states and shows that there is the same 

interaction in more of a gantt style chart but only has stated review at the end of stages. There is little in 

the way of Key Decision Points (KDP) or continuous monitoring and review. The PMBOK (PMI Inc. 

2021) go as far as to mention that under the project management principal “Recognize, Evaluate, and 

Respond to System Interactions” that systems thinking is key attribute needed to effectively monitor and 

respond during different project phases and states as an outcome that will give better “alignment of project 

goals and objectives to the customer organization’s goals, objectives, and vision” 

 

 

Figure 28 ISO 21500 Process group interactions with representative inputs and outputs (ISO 2012) 
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The main statement through both Project Management and Systems Engineering is that there 

needs to be feedback loops throughout projects and design to ensure that decision making, schedules and 

requirements are being met. The INCOSE Systems Engineering Handbook states under common 

approaches to the Process Assessment and Control Process that “what gets measured gets done, but, 

projects should avoid the collection of measurement that is not used in decision making”. There are 

however measurements that might not be being conducted currently that might aid in the delivery of 

Project Management or internal learning of the Project Organisation that may not necessarily effect the 

overall outcome of the delivery of the project/product itself. Out of the survey conducted of the Kongsberg 

Aviation Maintenance Services Project Managers over all they believed that Project Benefits Realisations 

and Review was not as difficult as the population of Project Managers who responded to the Wellingtone 

Survey (2020) whereby is was scaled that the Wellingtone response had a score of 8.6/10 verses that of 

KAMS with 4.8/10. This may be through the due to the fact that the KAMS ERP and Clocking system 

records the utilisation and timings of a project for the Project Manager and only has to review the 

information of correctness at the end of the month. The PMBOK (PMI Inc. 2021) states that the lagging 

indicator to KPI’s will not allow the Project Manager to actively adjust to a problem issue before it 

becomes permanent. To ensure that the Project Manager has enough leading information more KPI’s need 

tot be recorded on more of a regular interval to ensure that modelling and extrapolation of the data can be 

crated. Even though the lagging indicators in the KAMS system were automatically recoded by the ERP 

system, many of the project managers didn’t feel like they were used effectively to generate improvements. 

There are many ways that Systems Engineering Processes will help with review in Project Management 

but the results from this research show that the initial review area that will benefit from Systems 

Engineering Procedures and Processes is that for setting the requirements and the baseline that the Project 

Managers will be able to review against.  

Survey Response: In relation to KPI’s On a scale of 1-7 (1 being not at all 

0% – 7 being always 100%) 

 

Figure 29 Question 36 Survey Response: In Relation to KPI’s On a scale of 1-7 (1 being not at all 0% – 7 

being always 100%) 
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4.3.4 Planning 

There is good amount information in both the Project Management literature and the Systems 

Engineering Literature on planning and scheduling although like in the previous cases it is limited to a 

high-level overview in the Project Management guides. Planning, behind Stakeholder Engagement and 

Risk Management is the most valuable process for a Project Manager and it can be stated that it drives 

better outcomes in both the RM and Stakeholder Engagement activities if conducted correctly. Plans and 

Schedules are also living documents and need to be adapted throughout the period of the project where the 

Project Team see fit. I is always important however to ensure that there is always a reference to go back to 

for the ability to ultimately measure the success, failure or change in criteria to a project. The project plan 

is the story of what was to be verses what actually happened and should be managed accordingly. Here 

Millers law of complexity and how to measure complexity (Miller cited in Ertas 2018) come into play 

again. The Law of Organisational Linguistics is ever apparent in planning as at different levels there is 

information that is important to different members. For example, at a higher-level Project Management, 

organisation executives, or the finance team might want to forecast future years requirements, earning or 

workload whereas someone like operational, technical, or integration staff might want to be at the task 

level. This shows the importance of the Work Breakdown Structure (WBS) and its ability to “roll-up” 

through the organisation to provide all levels with the information required over their required period. The 

figure bellow shows this situation in a diagram where all points of the organisation will require some form 

of the plan and WBS and it is the requirement of the Project Manager and the Project Planner to deliver 

the Control Accounting where all the factors that are previously mention in this research such as scope, 

cost, schedule an risk are integrated.  

 

Figure 30 Control Accounting delivered by Project Managers and Project Planners (NASA 2021) 



Project Management and Systems Engineering Integration for Increased Efficiency and Effectiveness 

52 

 

The KAMS Survey delivered some results that show that there may be improvement that can be 

conducted inside the organisation. Planning and Scheduling was seen to be the second most difficult task 

for the organisation, average score of 6.2/10, whereby it for the rest of the Wellingtone surveyed 

population (2020) if fell reasonably mid pack with scaled score of 3.7/10. It is also interested when 

reviewing fig Figure 22 Project Management Process Value vs. difficulty to generate (KAMS vs. 

Wellingtone (2020)), that the other difficult processes that KAMS members identified is Change 

Management and Resource Allocation which are both directly related to Planning and the actual 

recordings against a baseline. Both surveys placed their value of the Plans and Scheduling at a similar 

level. It was also reported in the survey that over half of the respondents were not using the planning tool 

that has been implemented by the company to interact with the ERP system meaning that there are some 

additional areas of information to report Project Management success are being missed. When asked about 

baselining their Project Plans and ensuring that the correct documentation is available only half stated that 

they had the background information and baselining was not completed every time. It is unknow at this 

time if there is a hard link but it is seen that through the research this may mean why it is easier for the 

KAMS Project Managers to report on their projects as they don’t have the baselines requirements metrics 

to reference and delta in the projects.  

 

Survey Response: In relation to KPI’s On a scale of 1-7 (1 being not at all 

0% – 7 being always 100%) 

 

 

Figure 31 Question 39 Survey Response: When planning your project, do you… 

 

The Key requirement to accurate plans and scheduling in Systems Engineering is the 

understanding the inputs that are required to be considered. INSOCE Systems Engineering (INCOSE 

2015) states to incorporate the early into the planning phase to ensure that they areas of risk are designated 

the correct attention and that any skipping or taking shortcuts in the planning phase will have a flow on to 

all other procedures and outcomes of the Project including the Project Management. Again, with the SE 

Systems thinking approach, the breakdown of elements into manageable size, and the emphasis that 

Systems Engineering has on correctly identifying and recording organizational and stakeholder 
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requirements it could be said that pre-planning work that takes into consideration System Engineering 

principles and practices should deliver a plan with more fidelity. The extension of this continuing to be a 

correct and measurable plan is the active review by the Project Management and Project Planning staff, 

the security of the recorded baseline and accuracy for any requirement changes or actuals for the project. 

It is stated very specifically in the ISO 15288 Systems engineering — System life cycle processes (ISO 

2002) how to elicit requirements from stakeholders and in the process record them in documents such as a 

Statement of Work (SOW), a Work Breakdown Structure (WBS) Dictionary or a Final Requirements 

Verification and Traceability Matrix (RVTM). This is not only to ensure that the initial planning is correct 

but also to ensure that any requirement changes are recorded and prove that any shift in plan is justifiable 

to the change. Traditionally, project also suffer from “scope-creep” this is where additional tasks or 

deliverables are added but are not great enough to insight a requirement change in themselves. Project 

Managers and Project Planners must be wary of scope-creep as a small amount here and there can add up 

to large cost and resource requirements over the life of the project.  

 

 

Figure 32 Technical Planning Process NASA Systems Engineering Handbook (Hirshorn 2016) 

 

If we link the results from the KAMS survey to the problem statement that started this research, 

we can see the direct connection into the statement that only 51% of projects are likely to meet the 

intended goals and business commitment. Most of the issue was in relation to being over budget and take 

longer than originally expected. Looking at the KAMS responses over 50% of the Project Mangers stated 
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that they had underestimated the cost and schedule/time usage for their respective projects. 

Underestimating is most of the time seen as worse than overestimating as the mantra around cost and 

schedule overruns has negative connotations and overestimating is often seen as “savings” even though 

both situations are in fact negative to overall project management success. Most of the KAMS project 

managers believed that their estimates were in 25% of the actual and although in a visual this may look 

like there is little variation, when analysing from an accountant or operation standard this could be stated 

to be an excessive amount.  Many of the current KAMS contracts are moving to Fixed Firm Price (FFP) 

on Performance Based Logistics (PBL) contracts, this means that a 25% underestimation on cost for the 

project would mean that the project would run at a significant loss for the term of the contract or the 

period of performance. 

 

 

Survey Response: Of the following please select a response… 

 

Figure 33 Question 42 Survey Response for the delivery of Project Management in KAMS 

 

 

4.4 Documentation for Project Framework and Tailoring: 

In the Project Management Body of Knowledge (PMI Inc. 2021) it identifies 75 Project 

Management artifacts that assist in the project control and governance. All projects may not need all the 

artifacts but depended on the project,, product type and stakeholder requirements some projects might 

need a significant number of them. The project artifacts identified span the life of the project, some are 

required at start up while others such as reports and visuals are required in the execution phase. In all 

cases the artifacts are living documents and should be review periodically to ensure that they still align 

with the project objectives, the stakeholder requirements and the Project Organisations goals. In this 

statement there should always be a baseline to ensure that accurate measurement can be taken and there 

should be a adequate change management process to ensure that all revisions are accepted and distributed 
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correctly to the relevant partiers. It is suggested though the review or literature that Project Organisations 

have template of their required project artifacts to the lowest level of fidelity in line with their organisation, 

Project Management, and Systems Engineering guides. In theory this should lead to tailoring whereby 

deletion of non-required sections should still end with documentation that is standardised and linking to 

other artifacts in the governance of the project.  

 

In all instances for project organisations there will be tailoring of documentation and artifacts to 

ensure that it meets not just the Project Management needs but the needs of the Project organisation. The 

only advice that the ISO 21500 Guidance on project management gives to the Project Manager is that 

some of the processes described in the standard may need tailoring when appropriate but gives no further 

insight. The PMBOK (PMI Inc. 2021) describes tailoring as “to maximize value, manage constraints, and 

improve performance by using “just enough” processes, methods, templates, and artifacts to achieve the 

desired outcome from the project.” The PMBOK (PMI Inc. 2021) gives further information this time in 

how the tailoring process is to work and even gives question to the Project Manager to induce 

consideration on the appropriateness of tailoring processes and procedure in the project domains but does 

not go far enough with advice on the further consideration or what document will actually be affected as 

an outcome.  

 

Figure 34 PMBOK (PMI Inc. 2021) Project Tailoring Process. 

There may be no such thing as perfect tailoring for a project as requirements will change 

throughout the lifecycle of a project. We can see from the figure of the PMBOK Project Tailoring Process 

the last step is ongoing improvement and is almost iterative in nature. As an organisation the project 
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management process and tailoring should also be iterative in nature and the Project Organisation should 

learn from every tailoring outcome to ensure that best practice is used for like projects in the future. As 

there is not final answer to tailoring and it does reach a point that the achievement of 100% correct 

tailoring is never achievable there should be a framework as to get Project Managers to a state of 

overarching governance that takes into consideration basic aspects of their project in the shortest time 

possible. This is not the case looking at the literature that leaves the question open to the Project Manager 

and expects them to be able to understand the balance between benefit of tailoring fidelity or moving into 

executing the project. For this reason it should be considered by the Project Management Institute and 

International Standards Organisation to reconsider the approach when guiding Project Mangers in the 

tailoring of project artifacts.  

 

If we look the problem of tailoring from a Systems Engineering perspective we should look at 

each artifact and the area that it governs as a individual piece of the system, it has a performance margin 

that it needs to deliver and it needs to integrate with other artifacts as required. Like in any system, 

tailoring producing overperformance of a project governance artifact may lead to cost and schedule 

overrun and in some cases may drag up other areas and induce overperformance in other areas 

compounding the issue. Underperformance of the artifact may reduce cost and schedule for the initial 

creation but may cause flow on effect further downstream where inefficiencies may then negate the saving 

or cause overruns. The balance is therefore required to be found by interactive process and set by the 

highest level of Project Organisation and Stakeholder requirements in place for the individual project. To 

ensure this happens in a timely manner as a base this research suggest the following framework based on a 

similar systems used in Systems Engineering at NASA (Hishorm 2016). The Project is suggested to be 

given a project type that relates to the factors of significance to a Project Organisation. This type will then 

be used to set the tailoring requirements for the Project Organisations Artifacts. As previously mentioned 

the highest requirement of the Project Organization or the Stakeholder should set the level of the type and 

tailoring of documents should only be conducted where the framework suggests in the initial instance 

otherwise in may lad to an unlinked and under performing project governance system. The following table 

shows a suggested framework to be able to set the project type. 
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4.5 Measurement Indicators to quantify success 

 

Out of the project managers surveyed in the by Willingtone (2020) 54% did not have access to 

real-time project KPIs with 1/3 spending 1 or more days manually collating project reports. This is 

unfortunately historically true for organisations but should be improving with the implementation of 

further ERP systems to the market and a more computer literate Project Management demographic 

coming into the workforce. As stated previously in the research, only those measurement areas that are 

required to effect change should be captured. 

4.5.1 Project Requirements 

 

Quantifying success in the identification of relevant project requirements is crucial for ensuring 

that a project aligns with stakeholder needs and objectives. NASA’s System Engineering Handbook 

(Hirshorn 2016) has a checklist for writing requirements that may be reversed to give an index against 

success for each individual requirement. Based on the checklist and other systems engineering procedures 

identified in both INCOSE (INCOSE 2015) and NASA (Hirshorn 2016) Systems Engineering Handbooks 

the following may be considered for measurement areas to quantify the successful integration of Systems 

Engineering Principles and Procedures as opposed to those that are available in Project Management 

Standards and guides.  

 

4.5.1.1 Requirement Completeness and Documentation Quality 

Measure the percentage of identified requirements in the baseline requirements document 

compared to the total requirements at review stages of the project like design reviews or Project 

management reviews. A higher initial completeness percentage indicates more thorough requirement 

identification. An upward trending percentage between reviews might state that change management 

process is effective. A downward trending percentage might mean that Stakeholder Engagement, 

Communication Plan, or Change management Plan might be failing. In this instance further investigation 

may be required to remedy the issue. Assess the quality of requirement documentation, including 

organization, format, and clarity of the Requirements Management Plan and the Requirements 

Traceability Matrix. Well-documented requirements are easier to work with. 

 

4.5.1.2 Requirement Clarity and consistency 

Assess the clarity and unambiguity of each requirement. Clear and easily understandable 

requirements contribute to project success. Requirements clarity can be assessed in accordance with the 

NASA Requirements Checklist in the NASA Systems Engineering Handbook (Hirshorn 2016) or at a 
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basic level by having a number of members read the requirement and compare understanding. Ambiguity, 

contradiction with other requirements or misses in the checklist could mean that Stakeholder Engagement 

or Requirements Identification and Analysis process might be failing.  

 

4.5.1.3 Stakeholder Satisfaction 

Gather feedback from stakeholders to gauge their satisfaction with the identified requirements. 

High satisfaction levels are an indicator of successful requirement identification. Low Satisfaction levels 

could mean that Stakeholder Engagement or Requirements Identification and Analysis process might be 

failing. 

 

4.5.1.4 Requirement Traceability and Validity 

Evaluate how well each requirement is traced back to specific project objectives or stakeholder 

needs through the Requirements Traceability Matrix. Effective traceability is essential for project success. 

Any Requirement that has been added but is not traceable back to the Statement of Work or the Project 

Organisation can be deemed a non-requirement and may not be valid, therefore,  the cost and time of any 

performance to that requirement could be recorded as a loss and a reduction in the value in the Delivery of 

Project Management.  

 

4.5.1.5 Requirement Change Requests, Scope Creep and Change Control 

Measure the frequency and nature of requirement change requests after the initial identification 

process. Assess throughout the project if there is any scope creep from the original baseline Requirements 

Document and Statement of Work. A decrease in change requests may indicate successful requirement 

identification but it also may indicate unauthorized scope creep. An Increase in change requests may 

indicate unidentified variability and risk in the project or a poor execution of the original Requirements 

Identification. 

 

4.5.2 Budget 

 

Budget will have to be identified through internal Project Organization Procedures but there are 

some generic KPIs that may be utilised t measure budget accuracy. When integrating Systems Engineering 

Principles and Processes into the Project Management Budget domain, what is really being stated is if all 

requirements and risk was correctly identified to set an accurate budget and financial forecast. It has been 

identified in this research that there needs to be more information available for  project management on 

the topic of Estimation but that has been identified as further work. Any Budget upside or downside can 
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only directly be contributed to human error, incorrect estimation or misidentification of Risk or 

Requirements. The flowing are some suggested measurement areas taking into consideration both the 

PMBOK (PMI Inc. 2021) and the NASA Systems Engineering Handbook (Hirshorm 2016). 

 

4.5.2.1 Budget Accuracy, Cost Estimation Precision, Budget Contingency Usage, Cost Savings and 

Avoidance 

Measure the accuracy of the initially identified budget compared to the actual project costs at 

regular intervals. A smaller variance between the estimated and actual budget indicates successful budget 

identification. At the next level evaluate how well cost estimates were for completed tasks and feed 

information back into the forecast. At the overall level if any contingency money has been used it is 

correct in its use but indicates a missed variable, risk or requirements but the Project Team. On the other 

side cost savings achieved by optimizing resource allocation and avoiding unnecessary expenses should be 

tracked and either go into contingency or into the hands of the stakeholders.  

 

4.5.2.2 Budget Adherence 

Evaluate how closely the project adheres to the approved budget over time. High adherence 

indicates effective budget management. Low adherence could mean poor Stakeholder Engagement, poor 

planning, missed requirements, risks or variables.   

 

4.5.3 Value outcomes for the integration of Systems Engineering into Project Management 

 

The ability to measure the value of the integration of System Engineering Principles and 

Procedures into Project Management may only be effectively measure across the industry over a larger 

period of performance. After the implementation of Systems Engineering Principles and Procedures into 

project management it would be the hope that poor Project Management delivery satisfaction scores and 

Project Management value generation for the stakeholders goes up. The following are potentially some 

internal techniques that may be used by a Project Organisation to measure successful integration in their 

program. Again, the only issue is that if you do not have an identical project or something that is like to 

compare or reference to some of the indicators may not be correct.  
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4.5.3.1 Project Objectives Achievement and On-Time-Delivery 

Measure the extent to which the project meets its defined objectives and goals within the allotted 

deadline for on-time -delivery. Systems engineering integration should contribute to better alignment with 

project objectives and a more accurate deliverables plan.  

 

4.5.3.2 Quality Improvement 

Measure the impact on project deliverable quality. Systems engineering integration should result 

in higher-quality outcomes and fewer defects or issues. If there is a downward trend during review their 

may be complacency creeping into the organization. There may also be a new requirement that is missed 

that causes rework or additional quality tasks.  

 

4.5.3.3 Risk Reduction 

Using the risk matrix technique quantify the reduction in project risks achieved through systems 

engineering practices. This can include a decrease in unexpected issues or variability and better risk 

management. 

 

5 Conclusions 

5.1 Conclusions 

Systems Engineering principles and procedures play a pivotal role in enhancing Project 

Management efficiency and effectiveness and by embracing systems engineering there may be an 

opportunity to increase the overall value of project management delivery above the reported 51% over the 

recent years.  

 

First and foremost, Systems Engineering promotes a holistic approach to Project Management. It 

emphasizes the interconnections of various project elements and considers how changes in one area may 

impact others. This holistic perspective enables Project Managers to identify potential risks and 

opportunities early in the project's lifecycle. By addressing these concerns proactively, the Project Team 

can minimize the likelihood of costly delays and unexpected setbacks overall reducing variability and 

complexity in the outcomes. 

 

Additionally, systems engineering offers a structured framework for defining project objectives 

and requirements. It encourages thorough analysis and documentation of stakeholder needs, ensuring that 

the Project Team and Project Organisation has a clear understanding of what is expected. This clarity in 
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requirements minimizes the chances of miscommunication, misunderstandings, and scope creep. As a 

result, Project Managers can effectively set expectations and maintain alignment with project stakeholders 

while also ensuring that there is a marked baseline to measure against for any necessary or actual change. 

 

Systems Engineering also promotes robust Risk Management and implements Risk-Informed 

Decision Making. It encourages the earlier identification of potential risks and variability and provides the 

Project Manager with the necessary information to develop mitigation strategies or focus efforts and 

resources. By systematically addressing these identified risks, Project Managers can reduce the project's 

vulnerability to unexpected disruptions, cost overruns, schedule impacts and reduce variability and 

complexity in the project. Systems Engineering also emphasizes the importance of traceability and 

configuration management. It ensures that all project artifacts, from requirements to design documents, are 

linked and tracked throughout the project's lifecycle. This traceability provides Project Managers with an 

audit trail, which is instrumental in maintaining project consistency and compliance. It also facilitates 

change control, enabling Project Managers to assess the impact of proposed changes and make informed 

decisions. 

 

In conclusion, Systems Engineering Principles and Procedures are necessary for project managers 

striving to enhance Project efficiency and effectiveness. By adopting a holistic approach, defining clear 

project requirements, proactively managing risks, promoting collaboration, and emphasizing traceability 

and configuration management, Project Managers may be able to navigate projects with high levels of 

variability with more confidence that the end delivery will achieve Project Organisation and Stakeholder 

satisfaction levels much greater than the currently stated 51%. These principles, documents, framework 

and measurement indicators should empower Project Managers to make informed decisions, reduce the 

likelihood of costly errors, and ultimately deliver successful projects on time and within budget. Project 

Managers will be able to move away from blaming complexity to embracing variability management. 

 

5.2 Recommendations 

 

The single largest recommendation of this research is to encourage Project Managers, the Project 

Management Institute and the International Standards organisation to move away from the term 

complexity in all documentation and guides. The term complexity is not able to be referenced to a datum 

as this research shoes and therefore should not be able to be referred as to why a project may be successful 

or not. All sections of guides and procedures are suggested to change from complexity to variability 
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management and ensure that the Project Organisations and Project Managers understand and comprehend 

the reason and significance of the change.  

 

It can be seen in this research that with further transdisciplinary interaction in Project Teams and 

systems thinking, project should now be thought of as a system-of.-systems. This will require further 

focus in Project Management education on the importance of integration leads and communication 

management. Project Management Education facilitators are recommended to review the curriculum of 

Project Management and start to further include language and processes from transdisciplinary areas to 

ensure that the Project Manager will understand how to be main systems integrator in a project that is 

treated as a system-of-systems.  

 

For universities and project institutes the  awareness of the poor results in the delivery of Project 

Management should be recognised and integrated into the curriculum for Engineering and Business 

Administration degrees. Only with acknowledgement of the problem will the Project Management and 

Engineering communities be able to come up with desired solutions to be able to facilitate better results 

for Project Organisations and Stakeholders. 

 

If the further integration of Systems Engineering is folded into the Project Management 

Profession, It is recommended that organisations like the Project Management Institute or KPMG run 

further surveys of the Engineering and Project Management communities over the coming years with 

standardised ground rule, assumptions and questions to ensure that a trend may be monitored and 

improving to validate any findings.  

 

5.3 Further Work 

With the tight time frame of the study period it was not possible to survey or interview the number 

of project mangers that would have been desirable to release better statistical results. There is also some 

outcomes of the survey that may be directly driven from the organisation the respondents work for which 

may not align with he general population of project management. Although this is evidence that better 

standardization is required to be give in project management standards and guides it also suggests that the 

is further procedural work for Project Management that needs to be conducted inside Kongsberg Aviation 

Maintenance Services.  

 

Whilst looking into literature on planning and being that one of the issues brought up in the 

problem statement is cost and more specifically cost overrun, it is suggested that there should be further 
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work conducted into the alignment of Estimating from Project Management and see if there are any 

shortfalls or links that need to be strengthened inside the Project Management when it comes to financial 

assessment. Du to the strong tie to requirements and governance and compliance documents there may 

also be further connection with Systems Engineering Principles and Procedures which may help in 

assisting with Financial Estimation and in turn aid overall Project Management.  

 

As this research provides the first framework to be able to quickly and generically “type” a project 

and understand how its significant criteria will effect the tailoring of project artifact, further work should 

be invested into ensuring that the significant criteria of the project types is confirmed, corrected or 

expanded as this might be the basis for further standardisation of Project Management and  Project 

Artifact templates. Once the Project Significance Criteria is set then the Project Artifact Tailoring 

framework must be confirmed. This will provide an area of difficulty in the further work as the application 

of the framework in itself will only be able to be measured for effectiveness against Project Organisation 

norms or experience, unless there is an identical project or ones that are like enough to prove the 

comparison of a treated and untreaded project against the recommendations of this research. 

 

To ensure that the effectiveness of the tailoring process is fully encourages there should be further 

effort placed into the generation of standard templates, processes for generation, areas open to tailoring for 

Project Management Artifacts. During the establishment of these standards there should be hand-in-hand 

the generation of a Project Management Artifacts Integration Map. This would mean that the theory of 

making a high fidelity template and tailoring by deletion will not interrupt necessary connections with 

other project artifacts and may influence the sections in documentation that is open for tailoring. This 

research was aiming to develop some documentation in the areas of Stakeholder Engagement, Risk 

Management, Benefit Realisation, and Planning but failed to adequality find the time.   

 

The last recommendation for further work into the subject area of Systems Engineering 

integration into Project Management. There are still a number of synergies that are yet to be fully 

uncovered. 
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7.1 Annex A – SE Processes for Complexity/Variability Reduction 
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Proposed Benefit

Organisational Linguistics

Communication may not translte between 

hirachial levels of an organisation due to level 

language being designed to satisfy level 

requirments. 

X X X X X X X X X X X X X

These Processes will no change that level requirments in an organisation but haveing the 

correct members involved accross these procedures will make a dictionary of like terms that 

can be used accross a project to aid translation between levels

Suucess and Failure

Componets that a group require to face 

complex problems (I.e. Leadership, Financial 

Support, Component Availiability, Environment, 

Participation, Documentation and Proccess)

X X X X X X X X X X

Majority of these process are to be internally met by the project organisation to ensure that 

the Project Team has the relevent components to become successful. Reducing Variability by 

the buisness understanding that project requirments will make a more cohesive organisation

Structual 

Underconceptulisation

Lack of complete mapping of the relationship 

between components of a system effecting the 

behavior of the components

X X X X X X X X X

There processes are used to define the connection between the elements of a system. More 

effort placed into tis mapping at the start of projects will ensure stakeholders are idetified 

and ensure that changes are flowed through the correct paths.

Vertical Incohearance of 

Organisation

Pre-exhisting organisational patterns and 

behavior causing lack of alignment, consistancy 

or clear comunication between hirachial levels

X X X X X X X X X

These Processes are designed to make an organisation look internally. If a Project 

Organisation creates a good foundation but decetralises the computational ability of the 

workface they may be able to process larger workloads

Inherant Conflict

Differeing groups or inderviduals will disagree 

on the improtance of differeing aspects due to 

different backgrounds and liguistics

X X X X X X X X
These Process will ensure tat all members know the revevent requirments of the project. 

IPPD and decision management will allow the priorities and important aspects

Forced Substitution
Personnel substitution in a group in an attempt 

to induce results
X X X X X X X X

Althought sometimes nessasary, good project management, HR and Knowledge Management 

processes should have the right peolple in te right part of the Project Organisation. To reduce 

complexity in this stage SE Decision Making Process with a foundations from Reuirments set 

by the scoping processes should push a result. 

Limits
Limits that define the relationship and 

performance of the System or Project
X X X X X X X

Otput artifacts of Technical Planning look in detail iis the Cost Estimates, Shedules and 

Resorse Requests against the designated requirements of the Project. All processes aroudn 

that will set the requirments for the Plan. Measurement and Control will ensure that the plan 

is current, relevaent and accurate.

Requisite Variaty

The number of requisit specifications and 

design variable that require consideration to 

obtain desired outcomes

X X X X X X X

Good Scoping, Requirments, and Interface Management should ensure that requirements for 

the project are followed. In projects where there are alot of specifications to follow the 

organisation should prioroties the infratstuture to support them

Triadic nesessity and 

suffereancy 

Understanding that all complex relationships 

normally consisit of three (3) relational 

components at their basic level and that giving 

to one component to satisfy a connection will 

take away from the others.

X X X X X X X

SE mapping and modeling may bring the benifit to better understand the ramifications of 

decisions. Athought there still may need to be comparamise, systems engineering techniques 

may limit the need for iterations

Diverse Beliefs

Using diverse teams leads to different 

experiance and trade language that can lead to 

the inability to cooperate from a unified point 

of view.

X X X X X X
Cetralised Learning such as MBSE and Team Membersbeing involved in Requiremets Finding 

excersizes should aid to give all a baseline. 

Requisite Saliancy

Not all factors affecting a system are of equal 

weight. Relative importance of factors in a 

system that will define performance. 

X X X X X X
Establising Requirements and establishing a system plan will give the information to wight the 

requirments to the appropriate level.

Gradation

Differeing bodies of Knowlegde arise at 

different levels of the organisation and it is 

uncommon for all levels to be used to solve a 

problem

X X X X
Decision Management Processes will ensure that no matter the level that the problem is 

solved at, there will always be deseminated infromation througout the Project Team

Induced Groupthink

During time constraints decisions of a group 

may represent results that have not been 

thought out properly by all inderviduals. 

Decisions also may be against the views of 

inderviuals. 

X X X

Adequate planning and Project Control should try and reduce the likelihood of complexity 

from this situation arising. Good decision management protocols and procedure should not 

allow for decisions to be made when there isn't a quorum. Other tactics like "Devils 

Advocate" may be required.
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Proposed Benefit

Universal Priors

The understanding that language, reasoning, 

relationships and the ability to apply this is 

apparent in the members. New 

systems/situations that where members have 

no prior information can therefore be difficult

X X X X X X X X X

Good HR and Knowledge Management Processes are key to hiring and retaining the relevant 

people to the organization. Good training management and distribution of information 

through practices like MBSE are key to aligning knowledge, especially in new systems

Small Displays

Tendancy for Inderviduals to accomadate 

problem to the size of there prefered media 

(i.e. A4 Paper, Computer Monitor). Limiting 

display will limit the complexity of problems 

and hinder conceptulisation

X X X X X X X X X

SE trecniquest like MBSE may give the project organisation the background knowledge to 

beable to decrease the size of the issue to a manageble view with the understanding of 

percived knowledge. Oter SE processes like Logical Decomposion will ensure that the most 

important elements are idetified and reduce complexity in displaying problems. 

Triadic Compatability

Human mind can only deal with seven (7) 

conceptual components simutaniouly. E.g. 

three (3) System Elements and four (4) 

interaction combinations between them.

X X X X X X X X

Utalising these SE tools the Project Management team should be able to break the Project 

into considreed elements where Intergration Teams and Leads will spread the Cognative Load 

and Report Back to the PM or PMO who will act like the SEIT 

Validation 

The validity of Knowledge within an 

organisation requires the consensus of te 

organisation

X X X X X X

Much of this lies in the culture of an organisation and in some situations could also be based 

around the law of induced group think. Good HR process, Knowledge Management and IPPD 

should reduce variability in this field

Preculded Resolution

The absence of proper discription or modeling 

of an issue leading to the inability to properly 

sort th issue itself. Without this it is based on 

the cnceptualisation on an indervidual member

X X X X X X

I could be argueed that there would be  alarge benifit in Project Managment adopting the 

MBSE tecnique to flow information through the Project Organisiton. This coupled wit Logica 

Decoposition woulld mean that that the root cause of issue might be more easily identified 

and issue could be resolved at the appropriate level

Requisite Parsomony
Human can only collect and process 

information at a cirtain rate
X X X X X

Although PMBOK write of information sharing and communication through a Project 

Organisation and Project Manager the SE Handbooks and associated process dive deeper into 

Data Products, Data Exchange Formats and Information Management Stratergies/Plans. 

Correct information sharing combined with 

Uncorrelated Extreams

Learning Proccess starts from different 

backgrounds meaning that initial perceptions 

are uncorrelated extreams prior to learnig 

process

X X X X X

The requirments leading into MBSE will give a good platfome for theProject Organisation to 

be able to base the perceved knowedge level on. Reducing unknowns in amoungst the 

organisational members and ensure that on controlled information is flowed to the 

members.
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7.2 Annex B - Project Specification 

For Benjamin Powell 

Title Project Management and Systems Engineering Integration for increased 

efficiency and effectiveness 

Major Mechanical Engineering 

Supervisors Dr Steven Goh FIEAust, CPEng, EngExe, NER, APEC Engineer, IntPE(Aus) 

| EngD, MPA, MBA (Tech Mgt), BEng (Hons) 

Sponsorship Kongsberg Aviation Maintenance Services AS, Norway 

Confidentiality Documentation produced by this project may contain KONGSBERG 

information which is proprietary and confidential. Any disclosure, copying, 

distribution or use is prohibited if not otherwise explicitly agreed with 

KONGSBERG in writing. Any authorised reproduction in whole or in part, 

must include this legend.  

© 2019 KONGSBERG – All rights reserved. 

Enrolment ENG4111 – EXT S1, 2023 

ENG4112 – EXT S2, 2023 

Project Aim Primary: It is the aim that by investigating the Project Management guides 

and identifying the type of project, documents set, and criteria this proposed 

research will develop a framework that will allow Project Managers to tailor 

like project for best results.  

Secondary: Outcome of this standardisation then will be to make some Key 

Performance Indicators that the Project Manager will be able to utilise to 

adjust the amount of tailoring of project artifacts to achieve optimisation and 

improve statistics on the completion of project that meet requirements, 

budget and schedule. 

Programme  

1. Secondary Literature review (primary conducted as an annotated bibliography as part of 

ENG4110 assignment 1) 

2. Gather and review historical project information from Kongsberg Aviation Maintenance 

Services AS to determine any shortfalls, inconsistencies, opportunities, or data to assist in the 

research project. 
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3. Investigate industry data collection to try and validate Kongsberg Aviation Maintenance 

Services AS historical data and ensure that the subjects, information and interviewees from 

KAMS will be appropriate.  

4. Tailor a questionnaire and interview members of KAMS to gain their understanding of the 

current state of Project Management and areas of concern for them. Correlate against industry 

to ensure that the result is not biased. (e.g. number of times same theme is mentioned in 

research papers vs. concern of interviewee) 

5. Liaise with USQ supervisor to corroborate if data gained from Literature Review, Industry, 

Questionnaire, and Interview is truly valid.  

6. Correlate results of interviews and run a Collect, Choose, Create and Commit activity too 

develop initial documents for Project Framework, Tailoring and Measurement, 

7. If possible, apply the developed document to an actual project in KAMS. If not access the 

document retrospectively against a current project and identify areas for enhancement. 

8. Run interviews again with the development documents and identify areas of improvement. 

9. Adjust Documentation as required and fix a baseline for where revision of documents will 

have to follow a complete review cycle. 

10. Liaise with USQ supervisor to present final document pack for endorsement of field trial. 

11. Liaise with KAMS Director of Project Management to present final document pack for 

endorsement of field trial. 

12. If available and time permitting, select a trial project to gain actual data from the use of the 

tailored project document set to demonstrate its accuracy. 

13. Collect and exhibit all data. Present Conclusions, Assumptions and Recommendations.  
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7.3 Annex C – Project Specification – Resources 

 

Resources  

There is limited physical resources required for this research due to the nature of the project.  

Financial: 

Nil 

Time: 

- There will need to be some time set aside during work to be able to conduct 

interviews with KAMS staff members. This will impact both the Project that I work 

in and other for the company. Interviews will be approximately 42 hours in total (2 x 

3-hour interviews for each Project Manager)  

- Faculty Time (Dr Steven Goh) 

o 2 x 2-hour Progress/Validation sessions 

o 1 x 2 Hour Pre-Submission session 

Facilities: 

Specific Facilities that will be required to be accessed are: 

- KAMS Main Offices, Fetveien 80-84, 2001 Kjeller, Norway 

- KAMS F135 MRO&U Depot, Flyplassen 55, 1580 Rygge, Norway 

Alternate locations that may be visited (If not possible MS Teams) 

- KAMS Bødo, Olav V gate, 8004 Bødo, Norway 

- KAMS Evenes, Harstad/Narvik Lufthaven, 8536 Evenes, Norway 

- KAMS Bardufoss, Bardufoss Flyplass, 9325 Bardufoss, Norway 

Software: 

 MS Office Suite 

 MS Project (Project Plan and Progress Report) 

 PDFxChange (PDF Editor, Supplied with KAMS computer) 

Documentation: 

 Kongsberg Aviation Maintenance Services historical/current Project Data 

 Kongsberg Aviation Maintenance Services historical/current financial data 

 Kongsberg Defence & Aerospace current Project Management Procedures 

 Various ISO/AS Standards (Either available through KAMS or USQ) 
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7.4 Annex D – Survey 
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7.5 Annex E – Survey Results 
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7.7 Annex G – Timeline  
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