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Abstract

This article elaborates on a new management model, which is based on the application of systems engineering methodologies to the management of technology projects.  Development of this framework, called the four frames Systems View, is presently in the early stages.  Therefore, in order to explore the merits of this approach, it will be contrasted with the PRINCE2™ methodology, which is a widely used UK Government standard for project management.  The article will also provide discussion of a case study involving the application of the Systems View to an engineering project that the author is currently managing.  This project involves the refurbishment of an engineering laboratory to house high value specialist experimental equipment.  Funding for the new equipment is being provided by an industrial company and there is complexity associated with capturing the industrial requirements from the funding body as well as the safety requirements from the host institution.  Further complexity arises from managing the expectations of the project stakeholders and integrating the project with the wider organizational enterprise.  The Systems View will be deployed on this engineering project in order to help facilitate the management of such complexity and to ensure the project achieves the required objectives.  The case study will further highlight how use of the Systems View helped overcome any difficulties encountered as well as the specific leadership input required.
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Introduction

The purpose of this paper is to explore the management of engineering projects through the use of systems engineering methodologies.  In order to achieve this goal, a new systems-based approach to project management, called the four frames Systems View (Philbin, 2008), will be applied to a case study.  This conceptual management framework was initially put forward in order to address the findings from an industry survey that found there was a lack of available frameworks and tools to help facilitate the management of complex technology and engineering projects.  Development of this framework is presently in the early stages.  Therefore, in order to help identify the merits of this approach, it will be contrasted with the PRINCE2™ methodology (OGC, 2005), which is a widely used UK government standard for project management.  This method can be regarded as being equivalent to the PMBoK (PMI, 2003). 
Project management is practiced across many industries, including construction (Salem and Mohanty, 2008), IT/IS, pharmaceutical as well as defense and aerospace industries (Morris, 1994).  The project management approach builds on the use of structured processes that allow the delivery of defined project outputs over a specified timeframe, within a certain budgetary constraint and to an identified performance criteria.  
Project objectives and the supporting plans can sometimes be ambiguous (Cicmil, 2006) and the deployment of structured approaches can help improve decision-making and project implementation through an enhanced understanding of the project environment.  Indeed the level of project management implementation within corporations has been described in terms of a balance between chaos and order (Geraldi, 2008), where the challenge is to reduce complexity whilst retaining acceptable levels of flexibility through avoiding excessive project regulation.  
Further challenges in project management lie in the need to ensure adequate planning and project structuring at the front-end of projects (Winter, 2006) as well as addressing a lack of project organization, insufficient communication or an inability to capture the full details required for the ‘client brief’ (Wilkinson, 2001).  Therefore, this paper is focused on providing an improved understanding of project management so that such problems can be avoided.

Although the subjects of systems engineering and project management are both structured methods they naturally have different scopes; project management is focused on delivery of the overall project or program and systems engineering is focused on delivering the technical performance of the program (Dasher, 2003).  However, the disciplines can be regarded as being complementary and hence there is an underpinning logic to investigating project management in a systems engineering context (Kerzner, 1989).  Indeed the related area of systems dynamics has been previously investigated in a construction project management context (Love, 2002).
This paper has the following structure:  Subsequent to an overview of both the Systems View and the PRINCE2™ methodology, both approaches will be compared in order to highlight the similarities and differences.  A case study will then be discussed that involves the design and installation of new high pressure equipment into a redesigned laboratory.  Application of both project management methods will be described in the context of the case study, together with discussion of the benefits of each method as well as the leadership aspects identified.  Finally there will be conclusions reported and a brief consideration of future work. 
Overview of the Four Frames Systems View

The four frames Systems View (SV) was initially developed as a conceptual framework to help improve the options available for the management of technology and engineering projects.  The framework incorporates the premise that different techniques can be deployed throughout a project’s lifecycle in order to help alleviate uncertainties and minimize the technical risks.  The framework was developed in response to a survey of twenty-five industrial organizations in the UK.  The purpose of the survey was to investigate the suitability and usefulness of current systems engineering approaches and how systems-based methodologies could be improved for the management of projects.

The survey revealed that the use of traditional systems engineering, such as integrated system design (i.e. the traditional ‘V approach’) offers a tried and tested route for designing and building systems (Buede, 1999).  Also, the development of systems architectures provides a recognized route for the implementation of new systems.  However, many of the survey responses also mentioned the difficulties associated with highly complex systems and there were problems identified with the integration of new systems with existing systems (Prencipe at al., 2005) as well as the formulation of so called system-of-systems (Keating et al., 2003).
In order to address the aforementioned challenges and to provide systems practitioners and project/program managers with an improved tool-set, the SV was put forward as an attempt to capture existing systems methodologies and to combine them together into an overall approach that can be utilized in the management of engineering projects.  The SV is composed of the four frames, where progression from one frame to another allows different levels of complexity to be addressed (see Exhibit 1).

Exhibit 1. Four Frames Systems View of Project Management (Philbin, 2008)
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The SV model is also underpinned by two information levels, which provide mechanisms to ensure wider consideration of issues that are relevant to the achievement of the project’s objectives.  The first is the enterprise level and this refers to the need to ensure that project activities are aligned to business and organizational strategy.  
The second is the systems theory level and this feature demonstrates the benefits to be accrued from the project team possessing adequate knowledge and skills of systems-based activities and processes.  This does not necessarily mean that all project staff are required to be systems practitioners, nor does it mean that a project may fail simply because of a lack of systems skills.  It is, however, a guide that project performance can be enhanced through the project team having the supporting skills and experience in systems engineering.  Indeed Frank and Waks (2001) have articulated how systems thinking can be incorporated into an engineering paradigm, which relates to the need for project staff to have an integrated knowledge of systems.  Moreover, in the context of technology and engineering management, this knowledge base would ideally also incorporate technology management as well as experience of managing the particular technical field in question.
Overview of PRINCE2™
The PRINCE2™ (PRojects IN Controlled Environments) methodology was developed in the United Kingdom in the 1990s to help with the management of IT projects as well as other general projects.  This approach builds on previous standards, such as PRINCE and PROMPT, which were originally developed to help the UK government tackle the poor performance of IT/IS projects.  The PRINCE2™ standard is now used by the UK government and also in the commercial sector, both in the UK and internationally.  A number of benefits for the use of PRINCE2™ have been reported and these include (OGC, 2005):
· It provides a repeatable method that can be easily taught.

· It helps reduce project risks through a structured approach.

· It is a proactive approach that allows project staff to ‘take the initiative’.

· It provides a robust planning framework, together with an extensive series of documentation and supporting processes.

· It provides a temporary organization that is established to deliver defined products or services, over a certain timeframe, according to defined quality and scope requirements and according to cost or budgetary considerations (i.e. the traditional project management objectives).
The PRINCE2™ approach itself is built around eight core processes as well as eight supporting components (see Exhibit 2).  
Exhibit 2. Main Elements of the PRINCE2™ Approach to Project Management
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The above project elements are addressed through the adoption of a number of key features associated with the PRINCE2™ methodology and these are summarized as follows:

Project life cycle and stage management
Projects are managed according to a project life cycle, which starts at the requirements specification stage and ends at the decommissioning point.  It should be noted, however, that the corresponding product life cycle actually starts before the project life cycle and this includes the initial idea and the corresponding ‘trigger’ for the project to commence.  The project is managed throughout its lifecycle via the completion of project stages.  These stages begin with the process of starting up and initiating the project and then progress into the actual work or technical stages of the project, which could be just one stage or many, depending on the size and scope of the project.  Management of the project through these stages allows the work to be packaged into achievable blocks and management can retain control over work through authorization of project stages.
Business case

The project establishment and subsequent progression through stages is supported by a central business case.  This business case provides the fundamental reasons for undertaking the project and also the commercial or business justification.  The business case also contains the expected benefits and the envisaged risks.  It is developed at the beginning of the project life cycle in order to allow the project to be initiated and then subsequently, whenever the project progresses to the next stage, the business case must be reviewed in order to ensure continued viability of the project.  
Project organization

The method specifies the key roles associated with the management of projects, which is clearly centered on the project manager, who is responsible for the project producing the required management and specialist products, through the project life cycle and according to the project stages defined in the project plan.  The project manager reports into a formal project board, which includes three key roles: an executive (or project director), a senior user and a senior supplier.  The executive is the senior organization sponsor for the project and is ultimately responsible for the project business case.  The senior user represents the views of the eventual users of the project deliverables. The senior supplier represents the project technical supplier base, which can be either internal or external to the organization that is undertaking the project.
The use of products

The method is built around the development of products.  These products can be one of two types; either management or specialist.  Management products are largely document-based, such as progress reports, project plans (e.g. Gantt charts), risk or quality logs.  Specialist products are the work-based technical outputs of the project, i.e. the project deliverables that meet the customer requirements.  The PRINCE2™ approach places a heavy emphasis on the generation of management products as a risk-reducing method to allow the actual specialist products to be developed.

Customer/supplier relationship

The project method is built on the need for the project’s products, namely the specialist products, to meet the customer’s needs.  The delivery of these specialist products by the supplier to the customer and according to time, cost, quality and scope requirements is then achieved through adoption of the structured process. 

Comparison of the Two Project Management Frameworks
In order to highlight the similarities and differences between the two approaches to project management, it is useful to compare them through consideration of a number of key features (see Exhibit 3).
Exhibit 3. Comparison of the two Project Management Frameworks
	Feature
	Systems View
	PRINCE2™

	Process-based
	Follows a logical and linear process methodology.
	This approach is built on a highly rigorous process model.

	Approach to customer needs
	This method is grounded on requirements capture as the initial activity which feeds into design.
	This method is also driven as a ‘top-down’ approach, which is based on customer’s needs.

	Link to business objectives
	Incorporates the enterprise level, which emphasizes the need to integrate with organizational and commercial strategies.
	This approach has at its core the project business case and throughout the lifecycle of the project the business case is reviewed.

	Level of flexibility
	Different tools and techniques can be brought together under an overall framework and there is significant flexibility over how this is achieved.
	Highly prescriptive approach that stipulates the sequence and configuration of every process and activity.

	Numerical basis
	Valid for both quantitative and qualitative applications.
	This approach is mainly a qualitative model that is descriptive in its process and activity considerations.

	Technical considerations
	The four frames are articulated through systems methodologies and within these frames there can be supporting technical sub-processes and activities. 
	The main emphasis of the model is on management products and the specialist products (technical activities) are encapsulated within the managing product delivery stage.  There are specific techniques included though, such as product-based planning.

	Personnel aspects
	The model includes the systems theory level, which identifies the benefits of personnel having supporting systems knowledge and expertise.
	The model includes clear descriptions for key personnel involved, such as project manager, senior user, senior supplier and project assurance roles.

	Knowledge considerations
	Knowledge plays a central role in the effectiveness of the model; without the required data and information, together with interpretation there can be no deployment of the model.
	The model is built on the need to capture information and utilize through structured processes; there is also a clear configuration management approach.


Analysis of the above table shows a number of similarities.  Both frameworks are process-based; they are requirements driven and there is a clear link to business or organizational enterprise objectives.  There are also striking differences.  PRINCE2™ is highly prescriptive, where fixed activities and processes have to be followed, for example, through formal risk management (Elkington, 2002).  Conversely, the Systems View provides an overall framework that allows flexibility over the choice of tools and techniques to be retained within the four frames of the process.
Case Study: Facilities Development Project

The case study involves a current project at Imperial College (the university), which is the design and installation of high-value equipment that operates at high pressures.  This equipment is being purchased by an industrial organization.  In order for the equipment to be installed there is a need to redesign a large laboratory and then to install dedicated new laboratory services for the equipment; this is analogous to construction ‘design-bid-build projects’ (Ling et al., 2004) but on a smaller scale.  The project has a number of inherent complexities and these include:
· The equipment is purpose built and there is a need to ensure the specification of the equipment can achieve the required performance parameters that are set by the industrial organization.

· The laboratory development project is progressing concurrently with the equipment procurement and there is a need to integrate both activities.

· The equipment is being procured by the industrial organization but the laboratory development is being funded by the university.

· There are a diverse range of stakeholders for the project from both the industrial company as well as the university.  Such stakeholders can represent an important asset for the project (Bourne and Walker, 2005) and it is therefore important to gain their insight and support.
In order to provide a structured framework for the project it was decided that the PRINCE2™ methodology would be used as an overall basis for the project’s management but the technical aspects would be managed according to systems-based approaches and hence the Systems View was adopted.  The project was built around a supporting business case, which was used to provide the continued justification of the project throughout its lifecycle.  
Subsequent to formal initiation of the project, which was authorized by the approval of a project initiation document (PID), a formal project board was established.  The project board had the following members:
· Project director: Ultimately responsible for delivery of the project.

· Senior user: A senior member of academic faculty (professor).
· Project manager: Responsible for day-to-day management.
· Senior supplier: This role was subsumed into the project manager’s responsibilities.

Although there had been significant early stage planning undertaken in order to reduce the ‘fuzzy front end’ (Smith and Reinertsen, 1991) of the project, there was a distinct lack of detail around the customer requirements.  Furthermore, there was very little understanding of how the technical requirements for the equipment would be translated into the specification of both the equipment as well as the laboratory.  Therefore, a requirements capture process was undertaken in order to help define the specification of the laboratory (see Exhibit 4). 
Exhibit 4. Requirements to Specification Process
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It should be noted that the above exhibit is provided to illustrate the overall process of requirements capture and in order to maintain clarity it is based on summarized information.   The requirements capture process had to incorporate the needs of the external client (i.e. the company) as well as the internal client (i.e. the university’s health and safety, quality and other support areas).  Such an approach has been described by Salinas et al. (2007) and through capturing both external and internal client needs the eventual functional requirements for the engineering design process can be elucidated.  Once the requirements had been defined it was possible to progress to more formal integrated system design (i.e. frame 1 of the Systems View) and this is encapsulated in Exhibit 5.
Exhibit 5. Integrated System Design for the Equipment and Laboratory Facility (adapted from DoD, 2001)
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Exhibit 5 is based on the general systems engineering process (DoD, 2001) and it includes a clear identification of the process inputs and outputs as well as recognition of the iterative basis for the requirements analysis and functional design process.  The detailed design for the laboratory facilities and services was brought together within a ‘client brief’ document and this provided both the industrial company and the university with a comprehensive view of the equipment and laboratory specifications.  This information could then be used to initiate the commercial tender processes for both the equipment (to be procured by the company) as well as the prime contract for the facilities development (to be financed by the university).

A major area of risk for the project was the health and safety aspects of installing and subsequently operating the high pressure equipment.  Consequently, detailed assessment of health and safety considerations was required.  Initial project meetings on this matter proved to be frustrating for both the project manager and the project director, as there was a lack of structure to the discussions.  Consequently, it was decided that a recognized methodology would be employed and FMEA (failure modes and effects analysis) was selected (Carbone and Tippett, 2004; Busby et al., 2004).  In order for the FMEA process to be conducted there is a need to understand the overall system components, together with their connectivity within the system and with the external environment.  Consequently a systems architecture (viewpoint-oriented structural analysis and design technique) was developed (see Exhibit 6), which was used in conjunction with the FMEA.  Moreover, the technical discussions that arose from this frame 2 process step of the Systems View helped the project team to capture and assess the health and safety risks for the facilities project.
Exhibit 6. Systems Architecture for Equipment Operation (the System)
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The adoption of FMEA was particularly useful and the detailed recommendations from the analysis exercise were incorporated in the aforementioned ‘client brief’, which ensured that appropriate safety features and mechanisms were ‘designed into’ the new equipment and laboratory infrastructure.  The capability to implement robust health and safety management for facilities design is clearly important and this topic has been described by Kleiner et al. (2008) in relation to improved project management practice.  Furthermore, the use of systems architecture approaches can also be highly beneficial for facilitating dynamic change management for construction activities (Park and Peña-Mora, 2003) and in this case the development of project models can help identify the most influential construction dynamics at both the operational and planning levels.
Following on from the FMEA (frame 2 of the Systems View) more detailed planning was required on how the new equipment would interface with the laboratory when the refurbishment was complete.  To this end, it was useful to consider this project in the context of integration of the different equipment subsystems with the laboratory infrastructure (i.e. frame 3 systems integration); see Exhibit 7.
The actual systems integration planning was enabled by detailed descriptions of the mechanical and electrical (M&E) services as well as detailed technical drawings of the laboratory infrastructure.  A qualitative analysis of this information helped to maintain confidence in the design process and reduce the corresponding technical risks.

Exhibit 7. Systems Integration of Equipment Subsystems with Laboratory Infrastructure
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Finally, before the installation works could be commissioned it was also important to consider, in outline at least, the eventual operating conditions for the equipment and laboratory.  To this end and as a planning exercise, it was useful to view the situation from a system-of-systems perspective (i.e. frame 4 system-of-systems management); see Exhibit 8.

Exhibit 8. System-of-Systems Map for the Laboratory and Equipment Project
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The above exhibit provided a top-level view of how the equipment and laboratory systems would eventually interface with related systems at the university (e.g. departmental procedures) as well as with wider non-federated systems (e.g. health and safety legislation).  In this regard there was a need to establish clear operating procedures for the new equipment as well as a new laboratory code of practice and this included the following considerations:

· When the new equipment is installed there will be a need to document the operating procedures, thereby encompassing the recommended procedures from the equipment manufacturer and also include the local university procedures.

· There was a need to establish ownership and control of the laboratory area, process, people and equipment.  Consequently, an appropriate mechanism needed to be implemented that directly links the equipment operations to the existing departmental management structures.  Such a management structure needed to ensure all risk assessments were undertaken in a timely manner; communication was maintained; and key staff had the required technical competencies.  The exact form of this management structure was to be investigated through consultation by the project director with the head of the academic department plus health and safety management.
· In common with the existing laboratory operations, it was suggested that only technician staff are trained in the operation of the high pressure equipment, i.e. operation of the equipment is only undertaken by fully trained staff that routinely operate the equipment and this approach avoids situations where staff that are not fully conversant with the health and safety risks can operate the equipment.

· There was a need to examine the maintenance requirements for the new equipment and how this could be linked to the existing laboratory maintenance schedules.

· Consideration also needed to be made for materials preparation and storage.
The above discussion has highlighted the main project processes and activities that have been undertaken, or are at the planning stage for the facilities development project.  These activities have been described in terms of the four underpinning frames of the Systems View, together with reference to some of the key activities undertaken as part of the PRINCE2™ methodology.  In regard to the Systems View, there has also been a linking to the two information levels.  
With respect to the systems theory level, as the project has progressed, the project director and other members of the project team have been required to develop further their systems skills, through, for example, learning how to effectively manage the integrated system design process and also developing the skills needed to undertake an FMEA.  Furthermore, there has also been reference to the enterprise level of the Systems View (analogous to the business case component of PRINCE2™).  This continued link to organizational strategy has ensured the project continues to receive the endorsement of the university’s senior management and its profile remains high at the university.
Role of Project Leadership
In order to support the management of the project, a technical working group was formed.  This working group was chaired by the project director and reported into the project board.  The working group acted as the principal group of technical specialists that contributed to the development of the technical requirements for the equipment and the associated laboratory specifications.  The working group brought together different project stakeholders and included the following representatives:

· Industrial company, including technical, project and procurement staff.

· The university, including academic faculty, technician, safety and project/program management staff.

· External contractors, including a structural engineering consultant and an M&E (mechanical and electrical) services consultant.

Formation of the working group was initially problematic since a multidisciplinary team of specialists had to be brought together and there were many different views on the project structure, organization and implementation that had to be reconciled.  Throughout this project, the project director had to be highly proactive and to ‘lead from the front’.  A number of key strands to the project director’s role can be discerned from this experience and these include:

· There was a need to build up team spirit through having a clear vision of the eventual new facility, encompassing the fully functioning equipment in a newly modernized laboratory.

· The project director needed to be consultative as well as facilitative and to be able to engage with all the technical specialists so that the respective views were captured.
· Although not a ‘deep specialist’ the project director did possess technical knowledge and experience with related projects and programs.  This helped provide credibility and legitimacy to the decisions taken by the project director.

· The members of the technical working group were sometimes skeptical of structured methods, such as the FMEA.  However, once the project director had adequately explained the benefits of using such an approach, these team members were more willing to contribute their technical insights to the process.

· Day-to-day management of project activities and the sub-contractors was undertaken by the project manager.  Through regular contact with the project manager, the project director was able to ensure he was briefed on key developments and that any problems were addressed promptly. 
Although the leadership function of the project director was an important contributor to maintaining the project’s progress, it can also be regarded as one of the ‘building blocks’ within the project environment.  Clearly there were many people involved and it is the collective inputs from the entire project team and supporting stakeholders that contributes to the project’s performance.  The project director’s role rests on an ability to facilitate this multidisciplinary team and also to ensure there are regular communications between team members and with other corporate functions, such as the project board.
Conclusions
This paper has provided a discussion of project management methods, primarily the recently formulated four-frames Systems View as well as the established PRINCE2™ approach.  A comparison of the two frameworks has revealed a number of similarities, such as the common link to business and enterprise considerations; both methods are process-based as well as requirements driven.  However, there are differences as well.  PRINCE2 is highly prescriptive whereas the Systems View provides an ‘umbrella approach’ that builds on existing systems engineering best practice and is also flexible through accommodating different systems techniques within the four frames of the linear process.
The case study involved the management of a facilities development project, which initially had significant uncertainties, both from a management and technical perspective.  Both the Systems View and PRINCE2™ methods were employed on the management of this facilities project.   In many ways the two methods were found to be complementary.  PRINCE2™ focuses on management products, whereas the Systems View is based on specialist products (as undertaken in the managing product delivery stage of the PRINCE2™ process).  Moreover, the PRINCE2™ approach provided formal management techniques, such as risk management as well as project organizational structures, such as the project board.  
The PRINCE2™ method was complemented by the Systems View, which provided the project team with a technical management framework to help guide the detailed design process and the supporting requirements capture activities.  At the time of writing, the project had just completed the second frame (the systems architecture frame of the Systems View) and so the third and fourth frames have been described from a planning perspective.  Nevertheless, it has been useful to consider how the eventual equipment will be integrated with the laboratory and to also assess how the equipment and laboratory systems will align with other systems at the university and even with non-federated external systems.  The merits here of the Systems View being through the provision of systems-based tools for project delivery in addition to providing a technical planning framework for project management.
The management of engineering projects can be subject to uncertainties; there can be ambiguities over customer requirements, or difficulties in bringing together multidisciplinary teams that link together functional experts and generic disciplines such as health and safety.  The case study has highlighted that providing the project team with an enhanced management tool-set, through the deployment of systems methodologies in conjunction with formalized project management procedures such as PRINCE2™, can help address the above uncertainties.
Once the project is complete (likely to be mid 2009) then it will be useful to reflect back on the application of the Systems View over the complete project lifecycle and to consider further its utility in the management of engineering projects.  Further work is also suggested on applying the Systems View to more quantitative projects, e.g. the design and development of networked infrastructures.   
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