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 Abstract 

Project portfolio management (PPM) has been subject to very little investigation in 

information systems (IS) research. This is surprising, given the huge global 

expenditure on IS, the high levels of failure at the project level in IS, and how IS PPM 

has not achieved the same benefits associated with a portfolio approach in other 

disciplines such as finance, new product development and construction. Indeed, 

problems have been reported with all aspects of IS PPM. Some of these problems arise 

because existing top-down approaches to IS PPM, with centralised resource allocation 

and episodic project selection, strategic reviews, and performance management, are 

often incompatible with the dynamic process of managing complex portfolios of 

interdependent IS projects in a constantly changing environment.  

Complex Adaptive Systems theory (CAS) can be used to develop insights about the 

management of many different types of complex systems comprising interacting 

entities in dynamic environments. While the application of CAS in IS has proved 

challenging, this study aims to use analogical reasoning to apply the concepts of CAS 

theory to IS PPM to identify a framework of practices to enable the four components 

of IS PPM. These components are (i) project selection, (ii) resource management, (iii) 

strategic alignment, and (iv) performance management. In order to develop the 

analogy between CAS and IS PPM, a conceptual framework for IS PPM as a complex 

adaptive system is created by synthesising the existing literature. This framework 

consists of agents, the environment, interactions, system-level properties and feedback 

loops.  

Taking an interpretive, exploratory approach, the conceptual framework is used to 

investigate the enactment of IS PPM as a CAS through 30 expert interviews with 

experienced academics and IS PPM practitioners. 69 CAS based practices and 162 

supporting IS PPM practices are identified. These practices are integrated into a single 

framework known as the Complex Adaptive Systems Project Portfolio Management 

Practice Framework or CAPPP Framework. The application of this framework is 

demonstrated in an illustrative case study examining resource management practices 

in the IS portfolio of Ireland’s Health Service Executive. As well as demonstrating the 

use of the CAPPP Framework, the case study also produces a set of recommendations 
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to assist researchers and practitioners in its application and highlights divergences 

between existing approaches to IS PPM and a CAS based approach. 

The main theoretical contribution of the study is the conceptual framework for IS PPM 

as a complex adaptive system. This conceptual framework contributes to the CAS 

literature by synthesising concepts from a number of frameworks into a single 

overarching framework. It contributes to the IS PPM literature by conceptualising IS 

PPM as a CAS and identifying a theoretically grounded framework of practices. It also 

contributes to IS PPM by evaluating current PPM thinking in IS and highlighting 

divergences between existing approaches and CAS. The CAPPP framework is an 

important contribution to the practical application of IS PPM and is intended to help 

with the day to day management of portfolios of IS projects. While this research 

suffers from the limitations associated with qualitative research, it was conducted in a 

rigorous manner and offers many useful insights into the management of portfolios. 

Finally, the study sets out a comprehensive research agenda for further study. 
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Emergence A means to describe the behaviour of the system as a whole, 

referring to collective properties irreducible to individual action 

Environment The medium the portfolio operates in 

Epic A large body of work that can be broken down into smaller user 

stories 

Expert An individual especially knowledgeable in the phenomenon under 

study at the granularity of detail being elicited 

Feedback A means to describe how the output of a process is used as an input 

for that process 

Heuristic A technique for problem-solving, often referred to as a rule of 

thumb, designed to be sufficient for immediate goals 

HSE An organisation that provides public health and social care services 

to everyone living in Ireland. (Abbreviation for Health Service 

Executive). See http://www.hse.ie/eng/ 

Illustrative 

case study 

A descriptive case study that usually utilise one or two instances of 

an event to describe a situation 

Interaction A means to describe the reciprocal influences between agents as 

they pursue their goals 

IS The study of systems comprising people processes and technology 

that process or interpret information. (Abbreviation for Information 

Systems) 

ISD A series of methodologies and processes can be used to 

develop and use an information system (Abbreviation for 

Information Systems Development) 

Metaphorical 

approach 

An approach that uses images or symbols to make claims about a 

phenomenon 

Modern 

portfolio 

theory 

A mathematical framework for assembling a portfolio of assets 

such that the expected return is maximised for a given level of risk 

OCIO An office of the HSE responsible for the delivery of technology to 

support and improve healthcare in Ireland. (Abbreviation for the 

Office of the Chief Information Office). See 

http://www.hse.ie/eng/about/Who/OoCIO/  

http://www.hse.ie/eng/
http://www.hse.ie/eng/about/Who/OoCIO/
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Performance 

management 

A component of IS PPM that involves identifying, improving and 

communicating the benefits of the portfolio and its projects 

Persona An example of the kind of person who would interact with a system 

PMI A US non-profit professional organisation for project 

management. (Abbreviation for Project Management Institute). 

See https://www.pmi.org/  

PMO A group within an organisation tasked with defining and 

maintaining standards for projects, program and portfolio 

management (Abbreviation for project management office) 

Portfolio A continuously rolling set of information systems projects and 

programs, which share scarce resources, carried out by an 

organisation to meet strategic objectives 

PPM The ongoing identification, selection, prioritisation and 

management of the complete set of an organisations information 

systems projects that share common resources to maximise returns 

to the organisation and achieve strategic business objectives. 

(Abbreviation for project portfolio management) 

Practice A link between knowledge and the real world 

Program A set of concurrent inter-related projects with a finite lifetime and 

a specific set of benefits 

Project A temporary (in that it has a defined start and finish) group activity 

designed to produce a unique result 

Project 

selection 

A component of IS PPM that consists of the ongoing identification, 

assessment and prioritisation of opportunities to create a balanced 

portfolio, consistent with the organisation’s goals 

Real options A management technique that values the choices an organisation 

can make to expand, change or curtail projects based on changing 

economic, technological or market conditions.  

Resource 

management 

A component of IS PPM that attempts to ensure the maximisation 

and utilisation of available resources to provide the greatest benefit 

to the portfolio 

Roadmap A visualisation of the timeline for all projects in progress or 

planned 

https://www.pmi.org/
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SAFe An enterprise-scale agile-development framework. (Abbreviation 

for scaled agile framework). See 

http://www.scaledagileframework.com/  

Scrum An agile framework for completing complex projects 

Scrum-of- 

scrums 

A technique to scale Scrum to large groups 

Self-

organisation 

A mechanism where agents coalesce into clusters resulting in co-

operative behaviour without the intervention of a central controller 

Strategic 

alignment 

A component of IS PPM that links projects and overall 

organisational strategic goals 

User story A very high-level definition of a requirement 

http://www.scaledagileframework.com/


1 
 

 Chapter 1: Introduction 

1.0 Background 

The subject of this study is information systems project portfolio management (IS 

PPM). IS PPM is defined in this study as the ongoing identification, selection, 

prioritisation and management of the complete set of an organisations information 

systems projects that share common resources in order to maximise returns to the 

organisation and achieve strategic business objectives. It has become an increasingly 

important activity in organisations in recent years (Frey and Buxmann, 2012). This is 

because the IS function has moved beyond the implementation of functional 

applications to play a crucial role across all business activities and levels within the 

organisation (De Reyck et al., 2005, Häckel and Hänsch, 2014). This ubiquitous nature 

of IS means that individual project success is not enough to guarantee the achievement 

of organisational strategy (Billows, 2001, Conboy, 2010). Instead, organisations 

require multiple IS projects, executed simultaneously to achieve goals (Blomquist and 

Müller, 2006), resulting in increased spending on a larger number of IS projects which 

have to be managed effectively through a process known as IS project portfolio 

management. IS PPM can assist with the selection and management of the appropriate 

mix of IS projects to implement organisational strategy and achieve business value. 

However, the management of multiple projects is acknowledged to be difficult (Jeffery 

and Leliveld, 2004). Furthermore, the most critical management concerns with IS arise 

at the portfolio, not the project level (Hamilton, 1999, Martinsuo and Lehtonen, 2007) 

justifying IS PPM as a topic requiring research.  

1.1 The Benefits and Challenges in IS PPM 

There are a number of benefits from effective IS PPM. Firstly, IS PPM is critical to 

align projects to organisational strategy, achieve business value and manage any 

associated risks (Kauffman and Sougstad, 2008, Reich and Benbasat, 2000, Hatzakis 

et al., 2007, De Reyck et al., 2005). Secondly, where IS PPM has been practised 

effectively, massive savings in cost and time have been realised (LeFave et al., 2008). 

Thirdly, portfolio processes give organisations visibility on which projects are 

contributing to business value and allow organisations to take advantage of previously 

unidentified synergies and eliminate redundancies (Kersten and Verhoef, 2003). 
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Fourthly, IS PPM has the potential to reduce the incidence of individual software 

project failure by screening potential projects and ensuring only viable projects, 

closely aligned with strategy are selected (McFarlan, 1981). Research shows that 

projects closely aligned to organisational strategy are 23% more likely to be completed 

successfully (PMI, 2014). This is important as IS projects are characterised by 

uniquely high failure rates for over 50 years (The Standish Group, 2013). The high 

level of problems associated with IS projects has been referred to as the “software 

crisis” (Naur and Randell, 1969). This crisis is characterised by major cost overruns 

(Jorgensen and Molokken-Ostvold, 2006, Conboy, 2010), quality problems (Parnas 

and Lawford, 2003) and late delivery (Payne, 1995, De Reyck et al., 2005, Jiang and 

Klein, 1999c). Finally, while the innovative nature of IS combined with its dynamic 

environment means some degree of project failure is inevitable, IS PPM facilitates the 

rapid termination of failing projects and allows their costs be mitigated by more 

successful ones (Costa et al., 2007). 

Unfortunately, the benefits from adopting a portfolio perspective in IS has generally 

failed to match those achieved in other fields, e.g. financial portfolio management 

(Fabozzi et al., 2002), research and development  (Stummer and Heidenberger, 2003, 

Mikkola, 2001) and new product portfolio development (Cooper et al., 2001) where 

portfolio theory has been applied in a more mature and effective manner. In IS it is not 

unusual for entire portfolios to fail (Conboy, 2010) or for portfolios to fail even when 

there is some success at the underlying project level (Billows, 2001, Conboy, 2010). 

Portfolio failure is not restricted to certain industry sectors or project types; rather it 

occurs with some regularity in organisations of all types and sizes, in both the private 

and public sector (Goldfinch, 2007). There are well-documented cases of IS portfolio 

failure across a variety of sectors such as health (Greenhalgh and Keen, 2012, Mark, 

2007), finance (Drummond, 1999, Charette, 2005), education (Conlon, 2004) and 

telecommunications (Boonstra and van Offenbeek, 2010). There is little evidence that 

this trend is improving, despite a gradual fall in the failure rate of individual projects 

(The Standish Group, 2013).  

There is little data available on the cost of this portfolio failure in IS compared with 

the copious studies that calculate the cost of project level failure (e.g. The Standish 

Group, 2013, Sauer et al., 2007, Gartner, 2014). Figures quoted are often anecdotal 

(De Reyck et al., 2005). However, it is possible to estimate the cost of poor portfolio 
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practices. A recent study suggested effective IS PPM can result in a 6.5% reduction in 

IS costs and a 45% improvement in project timeliness (Schwalbe, 2010). A 6.5% 

saving on the global annual IS project expenditure of four trillion dollars (Gartner, 

2014) would amount to a saving of $260 billion dollars along with additional benefits 

from improved timeliness and increased synergies. Unfortunately, research finds that 

even basic portfolio management tasks, such as the systematic evaluation of project 

benefits or the identification of further benefits from completed projects being 

conducted, are often performed poorly (Ashurst et al., 2008). Indeed, only about 20% 

of organisations actively practice IS PPM (Maizlish and Handler, 2010).  

Despite some similarities between IS and other strands of PPM (Drake and Byrd, 2006, 

Klapka and Pinos, 2002), the unique nature of IS projects exacerbate the challenges of 

IS PPM and mean that research conducted in other disciplines, such as research and 

development, construction and finance, may not be generalisable to IS PPM. These 

unique features are now described. Firstly, because of the central role of IS in 

organisations, software project investments tend to be irreversible (Weeds, 2002) as 

mission-critical IS projects cannot be cancelled overnight. Even if they can be 

cancelled, all costs tend to be lost. This is in contrast to financial stocks that can be 

quickly liquidated (Verhoef, 2005), or unfinished buildings that can be sold. Secondly, 

it can be difficult to track the value of IS projects with long payback periods (Bardhan 

et al., 2004). In contrast, it is easy to determine the value of financial stocks or other 

portfolio components that are regularly traded. Thirdly, because IS PPM seeks to align 

projects with the overall business strategy (Thomas et al., 2007), projects with highly 

correlated outcomes are often selected. Other correlations arise as a result of the 

interdependencies between projects (Kundisch and Meier, 2011). These correlations 

increase the overall risk of the portfolio (Burke and Shaw, 2008). In contrast, other 

portfolios, for example in finance, exploit diversification by selecting assets with 

moderate negative correlations to reduce overall risk (Hight, 2010). Fourthly, software 

projects can have asymmetric outcomes, with projects either succeeding dramatically 

or failing completely (Fichman, 2004). In contrast, the gains or losses from a financial 

asset or a construction project can vary continuously. Finally, IS projects can have 

multiple stakeholders that can exert influence over portfolio decisions (Meskendahl, 

2010) and projects consist of the combination of technical skills and IS resources 

(Verhoef, 2005). Other non-IS projects and portfolios are unlikely to require the 
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involvement of as many stakeholders. These ‘softer’ people issues are potentially 

exacerbated further in agile contexts (Conboy et al., 2011).  

The specific case of contemporary Information Systems Development (ISD) methods 

such as agile highlights many of the shortcomings of existing IS PPM approaches. 

Few IS PPM approaches consider these contemporary methods despite their increasing 

use as a mechanism to overcome the serious problem of ISD project failure 

(Martinsuo, 2013, Abrahamsson et al., 2009, Dybå and Dingsøyr, 2008, Conboy, 

2010, The Standish Group, 2010). Existing approaches assume that highly structured 

and prescriptive portfolio methods will be equally effective regardless of project 

context (Lycett et al., 2004). However, tensions or incompatibilities exist between 

agile methods and IS PPM (Sweetman and Conboy, 2013). For example, neither the 

centralised approach recommended by De Reyck et al. (2005) nor the reliance on 

control are compatible with the flexible, self-organizing projects promoted by the agile 

manifesto (Fowler and Highsmith, 2001). The transition from the agile project to the 

agile portfolio has proved difficult. Problems have been reported in scaling project 

tools and methods such as Scrum (Rautiainen et al., 2011, Kalliney, 2009) and it is not 

surprising that difficulties with PPM are greater in organisations practising 

contemporary software developments methods (Stettina and Hörz, 2015). Little 

research exists on how IS PPM can be enacted in a way consistent with agile principles 

(Rautiainen et al., 2011). The most notable examples are studies by Stettina and Hörz 

(2015) and Lagerberg et al. (2013) who examine current agile portfolio management 

practices as well as the Scaled Agile Framework (SAFe) (Leffingwell, 2010) which 

describes practices to scale agile to organisational level. However, this has proven 

quite limited because it assumes that there only about 5-10 agile teams executing 

projects.  

Despite the poor state of practice and the prevalence of portfolio failure, PPM remains 

a poorly researched area when compared with that of project management (Bardhan 

et al., 2004, Rungi, 2010, Elbanna, 2013). Existing PPM research is highly disparate, 

scattered across disciplines resulting in a lack of clarity, cohesion and cumulative 

tradition, lacking the key traits of a mature theoretical body of knowledge (Frey and 

Buxmann, 2012). There is an overreliance on consulting reports and practice-oriented 

publications with little empirical data to support recommendations (Curran, 2010, 

PMI, 2012, Stettina and Hörz, 2015). While IS PPM consists of four components ((i) 
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the identification, selection and prioritisation of projects; (ii) resource management; 

(iii) strategic alignment and (iv) portfolio performance management), most of the 

existing research has been restricted to studies focused on a centralised view of 

portfolio selection. There is very little research looking at how to improve the day-to-

day management of IS project portfolios (Cooper and Edgett, 1997, Meskendahl, 

2010, De Reyck et al., 2005). This centralised view of IS PPM with an over-reliance 

on prescriptive tools (Daniel et al., 2014, Elbanna, 2010) assumes that by selecting the 

“right” projects (Petit, 2012) and successfully executing each one in isolation, 

portfolio success can be achieved. This view of IS PPM is illustrated in Figure 1.1-1. 

 

 

Figure 1.1-1 The simplistic view of linear Project Portfolio Management 

 

This simplistic view fails to recognise the complex and adaptive nature of IS project 

portfolios resulting in the poor application of PPM in IS (Elonen and Artto, 2003).  

Portfolio complexity arises as portfolios are made up of a large number of projects 

and teams and have goals that may be ill-defined, ambiguous, or subject to change. 

Further, each project and team may be complex in their own right (Xia and Lee, 2005). 

Portfolio managers must deal with the interdependencies that exist between different 
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projects (Bardhan et al., 2004, Hatzakis et al., 2007) and also coordinate and control 

budgets, resources, time and projects across the entire portfolio (Teller et al., 2012, 

Phillips, 2007). Additional complexity arises because the increasing strategic 

importance of IS projects means that all levels of the organisation must be involved in 

the planning, delivery and deployment of IS projects (Hatzakis et al., 2007) with 

managers dealing with diverse stakeholders both within and outside the organisation.  

IS portfolios are also adaptive to the environment in which they are situated. IS 

portfolios exist in a rapidly changing business and technological environment (Merali 

et al., 2012, Blichfeldt and Eskerod, 2008) where customer demand and user needs 

can change rapidly (Ropponen and Lyytinen, 2000, Bardhan et al., 2004). IS portfolios 

must maintain alignment with the strategic direction of the organisation, which can 

change over time (Mintzberg, 1987, De Reyck et al., 2005) in response to internal or 

external factors and unforeseen events (Martinsuo et al., 2014) such as organisational 

restructuring, changing markets or changing customers (Petit and Hobbs, 2010). 

In reality, there are frequent changes to requirements across projects which can affect 

the whole portfolio due to the technical interdependencies between projects and the 

reliance on shared resources (Singh et al., 2009, Angelou and Economides, 2008a, De 

Reyck et al., 2005). Projects are often terminated, paused, restarted, or forced to alter 

direction in response to the changing business requirements (Chiang and Nunez, 2013, 

Jeffery and Leliveld, 2004, Kalliney, 2009) and the portfolio that emerges from these 

interactions can be fundamentally different from the one that is planned (Blichfeldt 

and Eskerod, 2008). This is illustrated in Figure 1.1-2.  
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Figure 1.1-2 The realistic view of complex and adaptive Project Portfolio 

Management  

While a centralised prescriptive approach to PPM is particularly problematic when 

contemporary project methods that embrace change are used, dependencies and 

changing requirements are inherent in all IS projects regardless of methodology. 

Delays to one project can result in resource conflicts across a number of projects. New 

features requested by one customer on a single project may need to be replicated across 

the portfolio. Furthermore, individual projects can be cancelled by customers with 

implications for other interdependent projects.  This constant change can subsequently 

impact on the overall project portfolio and its ability to deliver projects as scheduled. 

Each project is an organic entity whose execution is interwoven and interdependent 

with all other portfolio projects. IS PPM must integrate projects and knowledge from 

many dispersed sources (Huang et al., 2001) rendering the assumption of the “lonely 

project” invalid at the portfolio level and an approach that focuses both on the complex 

interactions between projects and teams and the adaptive, emergent nature of IS 

portfolios is required. 
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1.2 Complex Adaptive Systems 

There is a growing acceptance of the reality that projects and portfolios are not only 

complex but should be viewed through the prism of complexity theory (Pollack, 2007). 

Complexity theory provides a means of studying systems that do not behave linearly 

or predictably. One of the principal theories of complexity is that of complex adaptive 

systems (CAS). CAS and its effective application in the social sciences is explained 

in detail in Sections 2.2 and 2.3, where it’s underlying concepts are identified. 

According to CAS system-level properties and behaviours emerge from the 

interactions between the different agents as they adapt to the changing environment. 

The behaviour of these agents is in turn influenced by feedback from the properties 

that emerge from them. CAS explains how the system as a whole can adapt or improve 

its fitness with its environment as a result of the behaviour of the individual agents 

(Holland, 1995). Section 2.2.2 shows there is little consistency in the application of 

CAS across different disciplines. Indeed, it has been argued that CAS does not refer 

to a specific scientific paradigm, but serves as a collection of concepts and constructs 

to study non-linear systems Merali (2006). Despite this incoherence, CAS theory has 

proven effective in studying complex phenomena in different disciplines and is 

revealing new insights from which project and portfolio management can learn 

(Cooke-Davies et al., 2008). CAS can be applied to IS PPM because IS portfolios are 

complex in their makeup and adaptive in their response to environmental change as 

well as capable of displaying emergent system-level properties.  

CAS has already proven to be a powerful tool to study IS and many authors see IS as 

a complex adaptive system (Merali, 2006, Benbya and McKelvey, 2006a). This is 

because information systems are complex activities taking place in a rapidly changing 

environment (Highsmith and Cockburn, 2001, Meso and Jain, 2006). This is especially 

true for IS projects using contemporary methods that “embrace change” (Fowler and 

Highsmith, 2001). CAS already provides insights into how these projects acting as 

complex adaptive systems are both emergent and adaptive to their environment 

(Vidgen and Wang, 2009, Jain and Meso, 2004) and has implications for their effective 

management (Farrell and Twining-Ward, 2004). Rather than viewing IS as a top-down 

process, CAS allows it to be studied as a bottom-up process influenced by unexpected 

contingencies (Benbya and McKelvey, 2006a).  
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When moving from the project level to the portfolio level, complexity increases as 

there are more interactions between teams and individuals which can be seen as agents 

resulting in emergent portfolio characteristics which have proven difficult to manage. 

Because the system is emergent, it cannot be orchestrated by any strict form of 

hierarchical control (Clark, 1999). Instead it is the role of management to manage the 

system as a whole by creating the internal conditions that allow the different agents in 

the system to not only achieve their own goals, but also to interact with each other in 

order to achieve systems goals and enable the system as a whole to adapt to the 

changing environment (Clark, 1999). CAS has already been used as a lens to study 

PPM in general (Perry, 2012) and PPM in construction (Aritua et al., 2009). However, 

despite the complex and adaptive nature of portfolios of IS projects, little research has 

looked at IS PPM through the lens of CAS and specifically how IS portfolios can be 

managed as complex adaptive systems. This study proposes to address this gap. 

1.3 Research Objective 

Given the research gap identified above, the research objective of this study is: 

To apply the concepts of complex adaptive systems theory to enable the four 

components of IS PPM (project selection, resource management, strategic 

alignment and performance management). 

This research objective is broken into four more detailed objectives: 

RO1. To operationalise complex adaptive systems theory for IS PPM  

RO2. To critically appraise the IS PPM body of knowledge through the lens of 

complex adaptive systems theory 

RO3. To identify a framework of practices that support IS PPM as a complex 

adaptive system, and enable its four components, namely (i) project selection, 

(ii)resource management, (iii) strategic alignment and (iv) performance 

management 

RO4. To demonstrate the application of the framework in practice 
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1.4 Thesis Structure 

This thesis is structured as illustrated in Figure 1.4-1 and explained below: 

 

Figure 1.4-1 Dissertation Structure 

Chapter 1 introduces the study, outlines the motivation for the research and presents 

the research objectives of the study. 

Chapter 2 first discusses the different strands of complexity theory and justifies the 

selection of complex adaptive systems theory (CAS). It then explains the CAS 

concepts and presents the conceptual framework for the study. 
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Chapter 3 identifies and explains the main components of IS PPM. It operationalises 

the CAS framework for IS PPM and critically appraises the IS PPM body of literature 

through the lens of CAS, addressing the first research objective. 

Chapter 4 reiterates the research objectives for this study. It then outlines the 

philosophical position of the study and discusses the appropriateness of qualitative and 

quantitative research methods. The research methodology and data collection methods 

along with their weaknesses are then presented. 

Chapter 5 analyses the expert interviews, translates CAS to IS PPM and presents the 

IS PPM practices identified addressing the second and third research objectives. 

Chapter 6 analyses the illustrative case study, addressing the fourth research objective. 

Chapter 7 discusses the practices identified in light of existing literature. 

Chapter 8 summarises the study and presents the conclusions. 
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 Chapter 2: Complex Adaptive Systems 

2.0 Introduction 

The purpose of this chapter is to provide the theoretical foundation for this study, 

namely complex adaptive systems (CAS). This is achieved by synthesising existing 

CAS literature to develop a comprehensive framework that can then be used as a lens 

to examine IS PPM. The chapter is laid out as follows. Firstly, complexity theory is 

introduced, and the justification for complex adaptive systems theory as the theoretical 

basis for this study is presented (2.1). Section 2.2 introduces CAS, discusses its 

incoherent nature, arrives at the definition of CAS appropriate for this study, and 

discusses how CAS can be applied effectively in the social sciences. Section 2.3 

develops the CAS conceptual framework, identifying its main concepts (agents, 

interactions environment, system-level properties, and feedback) and discussing their 

properties in detail. The conceptual framework derived in this chapter is used to 

appraise the IS PPM literature in Chapter 3, to inform the development of the research 

instrument in Chapter 4 and to provide intellectual bins for the analysis of data in 

chapters 5 and 6. Finally, the chapter is summarised in Section 2.4. 

2.1 Complexity Theory 

Complexity theory (Gell-Mann, 1996, Cowan et al., 1999, Anderson, 1999, Kauffman, 

1995) has arisen from attempts in the natural sciences to model natural phenomenon 

that cannot be explained through the established scientific approach of reductionism 

(Gleick, 1997). For example, the behaviour of a beehive cannot be explained by the 

behaviour of a single bee. While the early system sciences of information theory, 

cybernetics and general systems theory examined simple, linear equilibrium-seeking 

systems, complexity theory is the study of complex, non-linear, far from equilibrium 

systems that can exist in a number of possible states (Goldstein, 1999). It is concerned 

with the emergence of higher-level order in dynamic non-linear systems where the 

laws of cause and effect do not appear to apply (Beeson and Davis, 2000). According 

to complexity theory, order in a system is not imposed by a centrally controlled 

governing structure, but emerges from the interactions between the different 

components within the system. While traditional systems theory predicts that systems 

will fall into disorder without constant external intervention, complexity theory 
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explains how some systems can sustain order indefinitely (Capra, 1996, Prigogine and 

Stengers, 1984).  

There are various strands of complexity theory. These strands have their roots in the 

different but associated bodies of knowledge that study the dynamics of systems in the 

physical sciences, mathematics and computer sciences. The four main strands are (i) 

chaos, (ii) synergetics, (iii) dissipative structures and (iv) complex adaptive systems 

(CAS). These strands are briefly explained below. 

(i) Chaos Theory is an extension of non-linear systems dynamics; a methodology for 

understanding complex problems. This theory arose from the meteorological research 

of Lorenz (1963), Lorenz (1995) Chaos describes certain non-linear dynamic systems 

that are extremely sensitive to initial conditions. This makes chaotic systems appear 

random as tiny differences in initial conditions grow exponentially and result in 

radically different systems. In reality, these systems are deterministic as their future 

state is defined by their initial conditions and there are no random elements involved. 

Weather represents one example of a chaotic system. Minor changes in the initial 

conditions result in radically different weather patterns making accurate forecasting 

extremely difficult (Lorenz, 1995).  

(ii) Synergetics (Haken, 1977) is a strand of complexity inspired by physics. It is the 

study of systems comprising interacting sub-systems. The system is controlled by a 

small number of internal or external control parameters. When a control parameter 

(e.g. energy input) reaches a critical threshold, the macroscopic state of the system can 

change dramatically and new order can occur spontaneously (Haken, 1994). Chunjie 

and Chen (2007) use synergetics to examine complex supply networks. In their model 

the level of supply chain surplus acts as control parameter. When the surplus reaches 

a threshold, the entire network changes to a new state. While synergetics has proven 

influential, its application generally focuses on exogenous control parameters. 

Because no effort has been made to endogenise the control parameters, it is not 

considered suitable to study systems capable of internal change or evolution 

(Buenstorf, 2000).  

(iii) Dissipative structures theory (Prigogine et al., 1985) shows how non-linear 

systems can behave unpredictably but create order. Order arises as fluctuations enable 

a system constrained far from equilibrium to move from one form to another through 
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a process of spontaneous self-organisation (Depew and Weber). For example, an eddy 

can be created in a turbulent water-flow beneath a waterfall (McKelvey, 1997). The 

new structures are referred to as dissipative because they can only be maintained by 

dissipating entropy (or waste) to outside the system and importing energy in exchange. 

Dissipative structures theory has been used to explain how structures emerge in 

organisations (Lichtenstein, 2014) and how trigger events can push a system far from 

its equilibrium, e.g. Jack Welch’s “leader declared revolution” in General Electric 

(Tichy and Ulrich, 1984, Dooley, 1997). However, because dissipative structures tend 

to undergo marked explosions and crashes (McKelvey, 1997, Depew and Weber) they 

fail to represent the reality of many social systems which can remain stable for long 

periods of time and change gradually as well as dramatically (McKelvey, 1997).  

(iv) Complex Adaptive Systems (Goldstein, 1999, Holland, 1992b, Lansing, 2003) 

originated in the natural sciences as a means to understand systems, containing many 

interacting parts, capable of adapting to changes in their environment. CAS examines 

how the interactions between the individual and autonomous parts of a system and 

their environment yield high level emergent behaviours and properties, referred to in 

this study as system level properties (Stacey, 2007, Webb et al., 2006). CAS takes a 

bottom-up approach, focusing not on the system as a whole but on the parts that 

comprise that system (Anderson, 1999). The internet is an example of a CAS. It 

comprises a large number of interconnected and interacting parts, yet is capable of 

adapting over time in a way that increases its success (Hanseth and Lyytinen, 2010, 

Phister Jr, 2010). 

While each of the strands of complexity science explained above has proven useful in 

studying aspects of complex behaviour, CAS is the most appropriate lens to study IS 

PPM for several reasons: 

 The study of CAS is focused on the search for the common principles that 

explain the behaviour of complex systems (Van Aardt, 2004, Benbya and 

McKelvey, 2006a, Gell‐Mann, 1995). This makes CAS an ideal lens to study 

IS PPM because, as described in Section 1.2, IS PPM is a complex system 

comprising hundreds of projects and thousands of portfolio actors interacting 

with each other in a portfolio that must constantly adapt to maintain alignment 

with organisational strategy and the changing environment. 
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 By studying the interactions between the different agents that make up the 

system and their environment, CAS captures the reality of social systems 

where outcomes are determined by the interactions between the different actors 

that make up the system (Dooley, 1997). In contrast, chaos and dissipative 

structures are described by macro-level equations that ignore the impact of 

individual behaviour (McKelvey, 1997). 

 Only CAS explains both how complex systems adapt over time to their 

environment and how the individual agents evolve (Holland, 1995). For 

example, while synergetics allows modelling of macro-level adaption to 

external control parameters it does not help explain how sub-systems evolve 

(Buenstorf, 2000). Chaotic systems are deterministic and do not adapt to their 

environment.  

 While all the strands of complexity theory have been applied with some 

success outside their disciplines of origin, CAS has been used most widely and 

to the greatest effect. It has been referred to as the “ultimate interdisciplinary 

science” (Cowan et al., 1999). It is seen as particularly relevant in the social 

sciences, where people are enmeshed in a web of connections with one another, 

surviving through a variety of adaptive behaviours (Miller and Page, 2007). 

Important contributions to CAS have been made in the fields of strategic 

management (Stacey, 1995, Boal and Schultz, 2007, Pascale, 1999, Mason, 

2007), supply chain management (Choi et al., 2001), the governance of natural 

resources (Mahon et al., 2004), construction project portfolio management 

(Aritua et al., 2009) and information systems development (Vidgen and Wang, 

2009). 

 Because information systems involve the interaction between people, 

processes and technology, it has been argued that they act as complex adaptive 

systems (Van Aardt, 2004, Benbya and McKelvey, 2006a). At the IS project 

level, Schwaber and Beedle (2002) and Highsmith (2002) draw on CAS when 

writing about agile methodologies. Kent Beck, a proponent of agile 

methodologies suggests that CAS is “the only way to make sense of the world” 

and it is argued that there is a need for its greater application in an IS context 

(Jacucci et al., 2006). However, while CAS has been used to study agile 

software projects (Vidgen and Wang, 2006, Kautz and Zumpe, 2008), it has 
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yet to be applied to IS at the portfolio level. This gap is an opportunity given 

that project portfolios are often inherently complex, comprised of many diverse 

and sometimes conflicting projects, which share resources but may start and 

finish at different times. 

In summary, CAS has been chosen as the theoretical basis for this study because of its 

focus on the interactions between the different agents that make up the system, its 

ability to explain both evolution within the system and macro-level level adaption and 

its widespread application across the social sciences and in IS in particular.   

2.2 Overview of Complex Adaptive Systems Theory 

Systems are generally defined as sets of interacting and interrelated entities that form 

a new whole, which in turn can be affected by the behaviour of any one entity 

(Backlund, 2000, Baskerville et al., 2014). A complex adaptive system is a system 

comprising many parts known as agents. These agents adjust their behaviour to 

interact with and adapt to each other. Further, the system as a whole adapts or improves 

its fitness with its environment as a result of the behaviour of the individual agents 

(Holland, 1995).  

Such systems are complex because they consist of many interacting agents whose total 

behaviour is not the aggregate of the individual behaviours. Instead, it can be seen as 

a pattern that is inexplicable by the models that explain the behaviour of the individual 

agents (Goldstein, 1999). They are adaptive because the individual and collective 

behaviour of the elements of the system can mutate and self-organise in response to 

events or changes in the environment (Mitleton-Kelly, 2003b). Examples of complex 

adaptive systems include animal colonies, groups of competing firms that generate 

market conditions, a cross-functional team that generates its own norms, traffic 

configurations arising from road usage and the internet (Choi et al., 2001, Hanseth and 

Lyytinen, 2010).  

Complex adaptive systems have unique features that ensure their survival and success. 

Firstly, they are resilient to environmental changes (Kauffman, 1995). This resilience 

arises as the system is neither atrophied, like, a polluted lake nor out of control, like 

cancer (Miller and Page, 2007). This balance between order and disorder is sometimes 

referred to as “the edge of chaos” (Lewin, 1999).  Secondly, complex adaptive systems 
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can actually organise themselves towards a state where the system is maximally 

sensitive to events critical to their own survival (Cilliers, 2000).  

For over 20 years CAS has been a topic of interest in the social sciences and in IS (c.f. 

section 2.1). Many successful social systems are organised as complex adaptive 

systems (Lansing et al., 2009), and CAS has proven effective as a means of 

understanding such systems. However, until recently, much of the research looking at 

CAS has been theoretical (Vidgen and Wang, 2009) with little empirical evidence of 

the effectiveness of CAS-based management frameworks. However, the study of CAS 

is now leading to improvements in a number of disciplines where its’ application is 

being used to improve practice. Three examples are briefly discussed. 

Firstly, management in a US hospital facing both a budget crisis and unacceptable 

delays in admissions used a CAS-based swarmware approach to identify multiple 

potential solutions (Capuano et al., 2009). Swarmware consists of a series of small 

projects that explore new possibilities “at the edge of people’s experience” through 

experimentation, trials and autonomy (Kelly, 1994). Such an approach frees up people 

to experiment and innovate and enabled the hospital to create additional capacity, to 

accommodate demand, and to exceed admissions targets (Capuano et al., 2009). 

Secondly, the positive impact of CAS has been demonstrated in military and 

reconstruction efforts in Afghanistan and Iraq. Adaptive campaigning (Grisogono and 

Ryan, 2007), based on CAS theory, differs from traditional military planning, as it 

shifts the planning focus from action to adaption. Studies carried out in both Iraq and 

Afghanistan have shown that military units using adaptive campaigning are more 

effective than units using traditional methods (Bassingthwaighte, 2011).   

Thirdly, the impact of CAS theory is seen in the discipline of management where the 

Cynefin framework, developed by Snowden and Boone (2007), has been influential. 

This framework conceptualises organisations as a CAS and recommends appropriate 

management approaches depending on the complexity of the organisation and the state 

of its environment. One organisation where Cynefin has been applied effectively is 

Ericsson. Senior managers have attributed the success of the organisation’s agile 

transition to their use of the Cynefin framework and CAS theory  (Esser, 2014).  
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In the IS discipline, CAS has been used to increase agility and identify practices that 

make software development methodologies more adaptable (Vidgen and Wang, 2006, 

Meso and Jain, 2006). Furthermore, CAS provides the basis to evaluate such practices 

with effective metrics (Meso and Jain, 2006) 

2.2.1 The Challenges of Managing a CAS 

Before applying CAS to the management of IS portfolios, it is necessary to consider 

some of the general challenges that arise when attempting to manage a CAS.  

Firstly, control is difficult in a CAS. This is because the agents that make up a CAS 

have some degree of autonomy (Benbya and McKelvey, 2006a), and are free to pursue 

their own individual goals (Holland, 1992b) and to alter the world around them 

(Bristow and Healy, 2014, Benbya and McKelvey, 2006a). Unlike in traditional, 

centrally controlled systems, no single agent can control the behaviour of the other 

agents in a CAS (Drazin and Sandelands, 1992). Some argue that this means the 

management task of control is inconsistent with complex adaptive systems (Volberda 

and Lewin, 2003). However, control theory acknowledges that control is exercised 

through informal control modes that rely on self and clan control as well as through 

formal modes that rely on prescriptive rules (Kirsch, 1997). Managers in a CAS must 

influence the behaviour of the individual agents rather than rely on formal control. 

Secondly, in a CAS, the interactions between just a few agents can have nonlinear 

effects that propagate through the system (Holland, 1995, Cilliers, 2000). This results 

in unpredictable behaviour. However, despite these interactions being key to the 

behaviour of the system as a whole (Anderson, 1999), researchers and managers tend 

to ignore them to make analysis easier. While some patterns are observable, the CAS 

does not behave according to a predetermined plan, and the exact behaviour is 

unpredictable. Managers must focus on the interactions between the different agents 

in the system to try and understand the overall behaviour of the system. 

Thirdly, the agents within a complex adaptive system seek fitness with their 

environment. Fitness measures an agent’s suitability for its environment (Choi et al., 

2001). Yet, the optimal configuration of fitness is difficult to find. Individual agents 

contribute to fitness in different ways or may have different understandings of what 

the system requires. What is considered optimal for one agent is unlikely to be optimal 

for another (Choi et al., 2001). For example, one agent might create innovative 
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solutions whereas another might focus on quality. Furthermore, individual agents are 

constantly adapting to improve their fitness to the environment which itself is in a 

constant state of change (Bristow and Healy, 2014). This individual adaption is critical 

to the management of the system as it contributes to system level adaption. 

2.2.2 The Incoherent Nature of Extant CAS Literature 

Despite the strengths of CAS, its implications for management and its appropriateness 

for this study, it suffers from a lack of clarity and cohesion. There is no single 

definition, unifying theory or even common language for CAS in the literature (Kautz, 

2012, Gell-Mann, 1994a, Vidgen and Wang, 2006). Consequently, different authors 

focus on the specific characteristics of CAS that are appropriate to the problem they 

are studying. To complicate matters further, different terms are often used to describe 

the same phenomena (Gell-Mann, 1994a). The diversity of explanations of CAS and 

the wide range of terms used are now discussed. This section concludes with an author-

centric summary of the terms used in CAS (Table 2.2-1). 

John Holland (1992a, 1995), one of the early pioneers of CAS, identifies four basic 

properties (aggregation, non-linearity, flows, and diversity) and three basic 

mechanisms (tagging, internal models and building blocks) common to all complex 

adaptive systems. In contrast, Holland’s colleague at the Santa Fé Institute and Nobel 

physics laureate, Murray Gell-Mann (1994b), describes CAS simply in terms of 

individual agents with sustained diversity and experience compressed into schema, 

feedback loops and regularities. However, Gell-Mann admits that the term schema is 

really a synonym for Holland’s internal models (Gell-Mann, 1994a). Another example 

of the incoherence in CAS theory is provided by the debate around the role of self-

organisation in CAS. For example, Holland (1998) considers emergent states to arise 

from self-organisation, whereas others argue that self-organisation itself is an 

emergent phenomenon (e.g. Smith and Stevens, 1996).  

While the lack of cohesion in early CAS studies could be attributed to the immaturity 

of the discipline, the widespread application of CAS has done little to narrow its focus. 

Rather than further CAS research leading to a refinement of these characteristics, other 

researchers developed CAS in an incoherent manner, introducing new terms to explain 

the same phenomena and focusing on different characteristics. If anything, the trend 

of inconsistent nomenclature is increasing since CAS was adopted by social science.  
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Various researchers have identified different features they believe necessary to 

understand or describe CAS. For example, Stacey (1995), one of the first authors to 

see the potential for CAS theory as a lens to study management, focused on just four 

features: unpredictability, self-organisation, positive and negative feedback and co-

evolution taking place far from equilibrium. Yet Dooley (1997) used 10 characteristics 

and terms under the headings of general principles, schema and agents, agent fitness 

and agent interactions to create a generic CAS model for organisational change. Other 

researchers sought to focus on core mechanisms. For example, Anderson (1999) felt 

he was able capture the essence of CAS in four elements (i) agents with schema, (ii) 

self-organisation, (iii) co-evolution to the edge of chaos, and (iv) system evolution, 

where new agents can be formed by combining elements of previously successful 

agents, when he applied CAS to organisational science. Another attempt at parsimony 

was by Axelrod and Cohen (2000) who felt that the meaning of CAS could be captured 

in just three features: variation, interaction and selection. 

However, these attempts at parsimony are not evidence of a continuing trend and 

researchers, seeking to present a comprehensive overview, continue to add new terms 

and characteristics. For example, Cilliers (2000), presents a list of seven characteristics 

of CAS: (i) a large number of agents, (ii) nonlinear interactions, (ii) direct and indirect 

feedback loops, (iv) open systems, (v) system memory or a history, (vi) emergent 

behaviour, and (vii) adaption. Mitleton-Kelly (2003b) identifies ten principles from 

CAS to enable businesses to deal with complexity. They are (i) connectivity between 

agents, (ii) interdependence between agents, (iii) agents co-evolving, (iv) historicity, 

(v) path-dependence, (vi) feedback, (vii) space of possibilities, (viii) far from 

equilibrium, (ix) emergence and (x) self-organisation.   

The discussion above shows that while there are similarities, there is little consistency 

across authors. Indeed, it has been argued that CAS does not refer to a specific 

scientific paradigm, but serves as a collection of concepts and constructs to study non-

linear systems Merali (2006). 
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Table 2.2-1 The wide variety of terms in CAS 

Gell-Mann 

(1994a) 

Holland 

(1995) 

Stacey (1995) Dooley 

(1999) 

 

Anderson (1999) Axelrod et 

al. (2000) 

Cilliers 

(2000) 

Mitleton-Kelly (2003b) 

Individual 

Agents 

Non-linearity Positive and negative 

Feedback 

Emergent 

order 

 

Agents with schema Variation Large 

number of 

agents 

Connectivity 

Sustained 

diversity 

Flows Co-evolution far from 

equilibrium 

 

Irreversible 

 

Self-organisation Interaction Non-linear 

interactions 

Interdependence 

Schema Agent 

diversity 

Self-organisation Unpredictable Co-evolution to the edge 

of chaos 

Selection Direct and 

indirect 

feedback 

loops 

Co-evolution 

Feedback Aggregation Unpredictable Agents scan 

the 

environment 

System evolution  Open 

Systems with 

environment 

Historicity 

Regularities Tags  Building 

blocks 

 Memory Path-dependence 

 Internal 

models 

Schema can 

be 

indeterminate 

and 

contradictory 

Emergent 

behaviour 

Feedback 

Building 

blocks 

First, second 

and third 

order change 

Adaption to 

environment 

Space of possibilities 

 Schema can 

mutate and 

recombine 

 Far from equilibrium 

Change 

improves 

robustness 

Emergence 

Schema 

define rules 

of interaction 

Self-organisation 
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2.2.3 CAS Defined 

As highlighted in section 2.2.2, there is no single agreed definition of CAS. Some have 

argued that this arises from the multidisciplinary focus of CAS, where scholars from 

different disciplines have not been able to agree on a single unified theory or even an 

agreed nomenclature (Gell-Mann, 1994a). It should be noted, however, that even 

within disciplines there is a proliferation of definitions. One of the first definitions of 

CAS appearing in the literature is provided by John Holland (Waldrop, 1993) who 

defines a complex adaptive system as: 

...a dynamic network of many agents (which may represent cells, species, individuals, firms, 

nations) acting in parallel, constantly acting and reacting to what the other agents are doing. 

The control of a CAS tends to be highly dispersed and decentralised. If there is to be any 

coherent behaviour in the system, it has to arise from competition and cooperation among the 

agents themselves. The overall behaviour of the system is the result of a huge number of 

decisions made every moment by many individual agents. 

While Holland’s definition has been used in the social sciences and in IS (e.g. Nan, 

2011), other definitions make explicit three important features of CAS. Firstly, 

complex adaptive systems are open to their environment and are able to evolve and 

adapt to their environment (Bertuglia and Vaio, 2005). Secondly, both the interaction 

between the agents and the system level properties and behaviours that emerge from 

these interactions are non-linear (Bertuglia and Vaio, 2005, Webb et al., 2006). 

Thirdly, the definition above omits the role of feedback between the different levels of 

the system. Langton (1990) argues that it is feedback that enables adaption, the 

maintenance of order and emergence in complex systems.  

Levin (1998) believes that the absence of a comprehensive definition is justified, as it 

could prove restrictive to a theory meant to apply to everything. Instead, he argues that 

researchers must define CAS in such a way that is appropriate for their own specific 

study. In this manner, other researchers have sought to add terms to improve the 

appropriateness of the definition of CAS for their particular use. For example, 

Bertuglia and Vaio (2005) add the environment and non-linearity to their definition, 

while omitting the lack of central control, explicit in Holland (1992b), which allows 

agents to act autonomously and a comprehensive definition has proven elusive.   

While individual disciplines often add additional terms to their definition, Levin 

(1998) argues that a definition must take a simple form restricted to the basics of the 



23 
 

system. From the discussion above and in Section 2.3, which discusses the elements 

of the conceptual framework, the basics of a CAS required to study IS project 

portfolios are: (i) autonomous agents, (ii) interactions, (iii) the environment, (iv) 

system-level properties and (v) feedback. Therefore, this study defines a complex 

adaptive system as:  

a non-linear system with decentralised control, comprising many diverse agents whose interactions 

with each other and the environment result in the system adapting to its environment and the 

emergence of system-wide characteristics that are regulated by feedback mechanisms between the 

different levels of the system. 

2.2.4 The Different Ways of Applying CAS 

CAS originated in the natural sciences, and some leading CAS researchers are critical 

of its application to the social sciences (Stacey, 2010, Gregg, 2010). According to 

Stacey (2010), there are three ways in which CAS can be applied effectively in the 

social sciences, namely, the metaphoric approach, the scientific approach, and the 

analogical approach. Each of these is briefly explained. 

The metaphorical approach uses the images of complexity to make claims about the 

role of management. For example, a traditional metaphor for business is that of a game 

that must be won, with the manager seen as the captain. Until quite recently social 

scientists using CAS have relied solely on metaphors to reconceptualise organisations 

with few empirical studies to test the underlying metaphor’s validity (Beck and 

Plowman, 2014). The metaphor used when applying CAS to organisations is that of a 

living organism existing in and interacting with a complex ecosystem (Rowe and 

Hogarth, 2005, Levin, 1998). The manager must grow the business while 

simultaneously competing and cooperating with other business in an ever-changing 

business landscape. Examples of the metaphorical application of CAS in social science 

include the collaborative decision-making framework developed by Innes and Booher 

(1999) and the use of CAS  to achieve professional and organisational change (Rowe 

and Hogarth, 2005). Metaphors can be very influential, and they enable managers to 

visualise their firms differently and enable paradigm changes  (Lissack, 1999, Lakoff 

and Johnson, 2008, Cilliers, 1998). However, the metaphorical approach is not deemed 

appropriate for this study as the impact of metaphors depends not on its validity but 

its vividness (Rosenhead, 1998). Furthermore, by its nature, a metaphor cannot explain 

why things occur and adds little value to scientific knowledge (Peroff, 1999).  
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The scientific approach uses modelling techniques and computer-generated 

simulations to predict how complex systems will behave. Examples of simulations 

include the works of Curşeu (2006), who models the states of virtual teams, and Nan 

(2011) who simulates bottom-up processes. Techniques for simulating complex 

adaptive systems include NK1 modelling (Kauffman and Weinberger, 1989), 

evolutionary algorithms and agent-based modelling (ABM). ABM is the most popular 

technique for simulating complex adaptive systems. A popular example of ABM is 

the NetLogo simulation used to model the collection of food by ants. Despite each ant 

being programmed with a simple behavioural rule, complex group level behaviour 

similar to the actual behaviour of ants in nature emerges when the simulation is run. 

However, there are significant limitations to the scientific method especially in social 

systems that render it unsuitable for this study. Simulations are extremely difficult in 

social areas like IS PPM where humans have conflicting motives and act irrationally 

(Bonabeau, 2002). Furthermore, they require prior knowledge and of the system that 

must be gained through qualitative and quantitative research and theory (Garcia, 2005) 

and the understanding of IS PPM is relatively limited.  

The analogical approach cites similarities between two systems to develop a 

hypothesis that further similarities exist (Hesse, 1966). Scientists studying the effects 

of the chemical meperidine on mice noted that it has the same effect on the mouse’s 

tale as morphine. By analogy, they proposed that it might also be a narcotic. Testing 

showed it to be an effective painkiller, later marketed as Demerol (Reynolds and 

Randall, 1957). In IS, Bardhan et al. (2004) use analogical reasoning to justify the 

application of the Black Scholes financial model to the valuation of IS projects. The 

analogical approach starts by finding a general matching domain with aspects similar 

to the target domain. It then seeks to transfer attributes from the matching domain to 

the target domain. The results of analogical reasoning must be checked for plausibility 

before being subject to rigorous testing (Rosenhead, 1998). The analogical approach 

is considered appropriate for this study because of its potential to explore areas that 

                                                 

 

1 a means of identifying the best fit of a system of N components with K degrees of interaction between 

the components with its environment 
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are poorly understood, the great scientific credibility it carries (Rosenhead, 1998) and 

the powerful aids to reasoning it provides (Gentner, 1980). In CAS research, this 

approach starts by identifying a target domain that displays the characteristics of a 

CAS. It then uses the principles of CAS to develop propositions or hypotheses about 

the target domain based on what is already understood about CAS. Examples of the 

analogical approach include the studies by Dooley (1997), Choi et al. (2001), Benbya 

and McKelvey (2006b) and McCarthy et al. (2006). 

The analogical approach is deemed appropriate for this study as CAS is more 

established than PPM which lacks theoretical foundation and is not considered 

sufficiently well developed to allow for effective modelling. According to Tsoukas 

(1991), an analogy must be valid on four levels before it can be used effectively 

(Tsoukas, 1991, Lichtenstein, 2014). These levels are insight, analogy, isomorphism, 

and identity. 

 Insight arises when similarities between two phenomena are identified. From 

Section 1.2 it is clear that great similarities exist between CAS and IS PPM. 

According to Martinsuo (2013), PPM can be seen as an overarching system. A 

system is a set of interacting entities where the behaviour of one entity affects 

the behaviour of the whole system and behaviours are interdependent 

(Backlund, 2000, Baskerville et al., 2014). 

 The analogical level requires that the processes that create the phenomena are 

similar in both domains. The CAS exhibits complex emergent behaviour that 

arises from the interactions between agents (Holland, 1995). This is analogous 

to a successful portfolio whose behaviour is determined by the interactions and 

synergies between projects (Muller et al., 2008, Angelou and Economides, 

2008a, Daniel et al., 2014). 

 Isomorphism requires the systematic mapping of the process from the target to 

the matching domain. Isomorphism is established in Sections 3.4 - 3.8 where 

each of the concepts and properties in CAS are operationalised for IS PPM and 

a revised framework of IS PPM as a CAS is presented.  

 Finally, identity requires that a single generalised theory exists to explain the 

phenomena in both domains. This exploratory study proposes that adaptive 

systems theory explains the behaviours observable in IS PPM. The case study 



26 
 

described in chapter six supports this proposition by illustrating the CAS based 

practices in a real-world portfolio. 

 

2.3 Development of Conceptual Framework for CAS 

This section develops a conceptual framework for CAS that incorporates its main 

concepts and properties. The framework will enable the systematic exploration of IS 

PPM by CAS. A new framework is required because, despite multiple attempts to 

conceptualise CAS (Section 2.2.2), no single framework exists that incorporates all 

the overarching concepts and properties of CAS identified in Table 2.2-1. This lack of 

coherence in CAS complicates its application to a new to domain such as IS PPM 

(Vidgen and Wang, 2006, Kautz, 2012, Anderson et al., 1999, Onik et al., 2016).  

The conceptual framework is developed by distilling the different characteristics of 

CAS, together with the definition of CAS derived in Section 2.2.3, into a set of 

concepts. These concepts are then integrated into a unified conceptual framework 

(Figure 2.3-1). Where there is an inconsistency between the different concepts, both 

concepts are considered, and the one most appropriate for this study is used. This 

framework is informed by literature from a number of disciplines, including the parent 

discipline of CAS as well as organisational science, strategic management, supply 

chain management and information systems. The appropriate concepts used in existing 

CAS frameworks are identified and then assimilated in a single over-arching 

framework with each concept used in the framework explored in detail in the following 

sections. 

The first concept included in the conceptual framework is the agent. Agents are central 

to CAS models and appear in most accounts of CAS (e.g. Gell-Mann, 1994a, Dooley, 

1997, Anderson, 1999).  Agents and their characteristics are described in detail in 

section 2.3.1. The second concept included in the conceptual framework is the 

environment (Dooley, 1997, Cilliers, 2000). Nair et al. (2009) and Kautz (2012) argue 

that the environment is central to the behaviour of the CAS and that it is not possible 

to study a CAS without looking at its environment. The characteristics of the 

environment are described in detail in Section 2.3.2. The third concept included in the 

conceptual framework is interactions. Interactions are central to the definition of 

complex systems (Simon, 1969, Axelrod and Cohen, 2000, Cilliers, 2000, Nan, 2011). 
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Interactions and their characteristics are described in detail in Section 2.3.3. The fourth 

concept is system-level properties. Researchers using the scientific approach see 

these properties as the output of their model as opposed to a variable to be studied, not 

a concept in CAS theory (Nan, 2011). However, this study does include them as these 

properties can affect the agents whose behaviour creates them. Furthermore, in a 

qualitative management study, these properties are of great interest to both researchers 

and practitioners (Goldstein, 1999, Lichtenstein, 2014). The characteristics of 

emergent properties are described in detail in Section 2.3.4. The final concept included 

in the conceptual framework is the feedback loop.  Feedback loops are viewed as a 

driving force in complex systems adaption (Benbya and McKelvey, 2006a, 

Markovsky, 1998, Cilliers, 2000). The characteristics of feedback loops are described 

in detail in section 2.3.5. The five concepts (agents, environment, interactions, system-

level properties and feedback loops) are presented visually in Figure 2.3-1 and are 

described in detail with their characteristics in Sections 2.3.1 to 2.3.5. This discussion 

will inform the operationalisation of the conceptual framework in Section 3.4. 

 

Figure 2.3-1 Conceptual Framework for CAS 
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The term emergence is at the heart of this diagram. However, according to Nan et al. 

(2014) emergence is only a description of the behaviour of the CAS as a whole, as 

opposed to an actual explanation of phenomena or a separate concept. Further research 

is required to understand how lower level processes lead to system-level properties 

(Bristow and Healy, 2014). This study follows the lead of Nan et al. (2014) and does 

not consider emergence a separate concept. 

2.3.1 Agents  

Agents are the individual actors or basic entities of action in a CAS (Nan, 2011). In 

an organisational context, agents can be individuals, teams, projects, divisions or even 

the entire organisation depending on the scale of analysis (Choi et al., 2001). However, 

according to Nan (2011) agents can also represent concepts and objects as well as 

individuals and organisations. Agents are differentiated from other interacting parts in 

a complex system by their ability to make a meaningful intervention in the course of 

events (Choi et al., 2001). In Figure 2.3-1, agents are denoted by the Roman numeral 

‘i’ and are represented by the symbols depicting individuals, teams and a smaller 

image of a CAS.  

A review of the CAS literature identifies five main characteristics of agents important 

to the management of complex systems. These characteristics are now explained and 

summarised in Table 2.3-1. 

Firstly, agents require some degree of autonomy for a CAS to function effectively 

(Benbya and McKelvey, 2006a). In a social system, agents have some freedom to 

apply ingenuity and effort to alter the world around them (Bristow and Healy, 2014, 

Benbya and McKelvey, 2006a). This means that no single component can dictate the 

collective behaviour of the system. Rather than relying completely on centralised 

control, the ability to influence behaviour is dispersed and decentralised throughout 

the system (Bristow and Healy, 2014, Anderson, 1999).  

Secondly, the individual agents in as CAS cohere to a common purpose. This 

common purpose consists of shared understandings as to what the goal of the system 

is. This shared understanding is encoded into schemata or mental models for each 

agent (Uhl-Bien et al., 2007, Schein, 2010). The common purpose is advantageous 

because it allows the CAS to act in a coordinated fashion (Curşeu, 2006) and greater 

levels of shared schema help each agent improve its overall fitness (Choi et al., 2001).  
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Thirdly, agents in a CAS are able to self-organise into robust informal structures 

(Anderson, 1999). Self-organisation arises when agents coalesce into clusters 

resulting in co-operative behaviour without the intervention of a central controller 

(Uhl-Bien et al., 2007, Lichtenstein and McKelvey, 2004, Anderson, 1999). Self-

organisation enables agents to group together and act as meta-agents within a CAS 

(Holland, 1995, Mingers, 1989). This can improve performance due to 

decentralisation and specialisation (Dooley, 1997). Self-organisation is different to 

autonomy. Autonomy refers to an individual agent’s freedom to choose how to 

behave. Self-organisation refers to agents forming clusters that can act coherently.   

Fourthly, there needs to be a requisite variety (Ashby, 1968) or diversity of agents 

for a complex adaptive system to function effectively (Holland, 1995). For a system 

to be complex and adaptive, it must consist of a large number of heterogeneous agents 

with diverse forms and abilities (Gell-Mann, 2002, Holland, 1992b). Agents are 

described by attributes that describe their internal state and act as a measure of their 

fitness (Nan, 2011). These attributes can be modified over time as agents improve their 

fitness to the environment. This creates variety between agents that would otherwise 

be indistinguishable. In systems that lack requisite variety, there is little difference 

between the fittest and weakest agents. This makes the system as a whole vulnerable 

(McKelvey, 1999a) as diversity drives the internal complexity of the system (Bristow 

and Healy, 2014).  Agents with dissenting opinions are not unusual in successful social 

systems (Sherif and Xing, 2006, Brown, 2007). 

Finally, agents in a CAS demonstrate adaptiveness (Holland, 1995, Fuller and Moran, 

2001). Adaptiveness is the evolutionary process whereby agents improve their fitness 

(Dobzhansky, 1968). According to Holland (1995), it is through adaption that systems 

become more complex. Agents adapt by learning from other agents, the system as a 

whole and the environment and recombining the elements of previously successful 

behaviours (Holland, 1995). For example, people can react to shocks and crises and 

adapt their behaviour (Bristow and Healy, 2014).  
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Table 2.3-1 Agents and their Properties Defined 

CAS Concept Properties Definition 

Agents are the 

individual actors or 

basic entities of 

action in a CAS 

Autonomy 

 

Agents are free to apply ingenuity and effort to alter the 

world around them 

Common 

purpose 

Consists of shared understandings as to what the goal of the 

system is. 

Self-organizing Agents coalesce into clusters resulting in co-operative 

behaviour without the intervention of a central controller 

Requisite 

variety 

System must consist of a large number of heterogeneous 

agents with diverse forms and abilities 

Adaptiveness The evolutionary process whereby agents improve their 

fitness 

 

2.3.2 Environment 

The environment is the setting in which the CAS operates in and interacts with (Nan, 

2011) and consists of everything outside the system that affects the CAS. This includes 

both the resources required to sustain the CAS and competitors for those resources. It 

is the system’s relationship with its environment that differentiates complex adaptive 

systems from systems that are merely complex as complex adaptive behaviour arises 

both from the intricate intertwining of agents within a system and between the system 

and its environment (Mitleton-Kelly, 2003a, Gell-Mann, 1996) allowing the CAS 

adapt to changes in the environment. The environment is denoted by the numeral ‘ii’ 

and is represented by everything outside the dotted circle in Figure 2.3-1. The circle 

is dotted to show that a CAS is an open system that can exchange energy, resources 

and waste with its environment.  

A review of the literature identifies four main characteristics of the environment 

surrounding a CAS. These characteristics are now explained and summarised in Table 

2.3-2. 

Firstly, the environment has a soft or open boundary with the CAS. This means 

agents and resources can move back and forth between the environment and the CAS. 

While there is a conceptual distinction between the system and its environment, in 

reality, there is no hard boundary between the two, but rather the environment is made 

up of related but separate systems that interact with the CAS  (Mitleton-Kelly, 2003a). 

Because complex adaptive systems can comprise other complex adaptive systems, 

what constitutes the environment is determined by the unit of analysis.  Agents can 
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enter the system by forming connections with existing agents and cohering to the 

common purpose of the system. It is also possible for agents to leave the system and 

become part of the environment (Hearnshaw and Wilson, 2013).  

Secondly, the environment can act as a source of resources to the CAS. It provides 

the energy, information and resources required to sustain the system (Anderson, 

1999). The output produced is then exported back into the environment (Schneider 

and Somers, 2006). It is the environment that provides the information necessary for 

the system and its agents to learn and create new knowledge, and without a constant 

source of energy or resources, the system will quickly decay or atrophy. 

Thirdly, the environment is dynamic. This dynamism occurs because the environment 

of any given CAS is made up of a number of other CAS’s, each of which changes and 

affect change in each other (Choi et al., 2001). Because of this dynamism, it is not 

possible for a CAS to exist in a stable state. Instead, it must constantly change (Dooley, 

1997), remaining in a constant state of disequilibrium with the environment (Choi et 

al., 2001). Any stability is temporary (Farrell and Twining-Ward, 2004) as complex 

adaptive system seeks to maintain a balance somewhere between stability and disorder 

(Kauffman, 1995, Anderson, 1999).  

Finally, the environment provides no optimal state of fitness. This means that there 

is no lasting configuration of the system that provides a better fitness to the 

environment than all the other possible configurations. If each system requirement 

could be optimised individually without impacting each other, then a single optimal 

configuration would exist. Instead, because the different agents contribute differently 

depending on the state of other agents many local optima or “peaks” exist, and the 

optimal state for the system becomes hard to find (Choi et al., 2001). These potential 

fitness peaks form a  “rugged landscape” that the system explores as it tries to find a 

state that provides the best fitness to the environment (Kauffman, 1995).   
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Table 2.3-2 The CAS Environment and its Properties Defined 

CAS Concept Properties Definition 

The Environment 

is the setting in 

which the CAS 

operates in and 

interacts with 

Open boundary Agents and resources can move back and forth between the 

environment and the CAS 

Source of 

resources 

Provides the energy, information and resources required to 

sustain the system 

Dynamic Environment of any given CAS is made up of other CAS’s, 

each of which changes and affect change in each other 

No optimal 

state of fitness 

There is no lasting configuration of the system that provides 

a better fitness to the environment than all the other 

possible configurations. 

 

2.3.3 Interactions   

Interactions are defined as reciprocal actions or influences between agents as they 

pursue their goals (Beck and Plowman, 2014, Nan, 2011, Oxford English Dictionary, 

2012). They describe the mutually adaptive behaviour of agents (Nan, 2011, Beck and 

Plowman, 2014). Because these interactions are non-linear, complex patterns can 

emerge in a CAS (Holland, 1992b, Axelrod and Cohen, 2000, Dooley, 1997). 

However, researchers tend to abstract away non-linearity for the sake of “analytical 

tractability” (Anderson, 1999) and model systems using simple relationships between 

variables. Interactions can occur both between agents (Holland, 1995) and between 

agents and the environment (Choi et al., 2001). Interactions are denoted by the numeral 

‘iii’ and represented in Figure 2.3-1, by the bi-directional arrows.  

A review of the CAS literature identifies three main properties of interactions 

important to the management of complex systems. These characteristics are now 

explained and summarised in Table 2.3-3. 

Firstly, for interactions to occur, there must be connectivity between agents. 

Connectivity enables the flow of information and resources between agents (Choi et 

al., 2001). It is important that the appropriate balance of connectivity is maintained. If 

there is no connectivity, all the agents will behave randomly, and the system behaviour 

itself will be random (Dooley and Van de Ven, 1999). However, too many connections 

can lead to a “complexity catastrophe” where the system cannot distinguish between 

the huge number of possible configurations, and natural selection breaks down 

(McKelvey, 1999b). 
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Secondly, interactions involve the exchange of resources (Cilliers, 2000). Agents 

interact to procure resources more valuable to them in the pursuit of their own goals 

(Beck and Plowman, 2014). These resources can be tangible, for example, food or 

money, or intangible, for example, information or knowledge (Nan, 2011). While 

individual agents interact for selfish reasons, the exchange of resources can result in 

the productivity of the system as a whole increasing. For example, it has long been 

accepted that international trade increases the overall productivity of the global 

economy (Smith, 1776, Ricardo, 1871).  

Thirdly, interactions between agents can have co-evolutionary effects on the agents 

(Stacey et al., 2001, Anderson, 1999, Mitleton-Kelly, 2003a). Co-evolution occurs as 

interactions between agents affect each other’s evolution through a cascade of 

reciprocal adaptions (Benbya and McKelvey, 2006a, Beck and Plowman, 2014, Choi 

et al., 2001). A classic example of co-evolution is the relationship between the sphinx 

moth and Darwin orchid (Hewapathiranage, 2015). The orchid and moth co-evolved 

so that the orchid ended up with a spur so long it could only be pollinated by a single 

species of moth with a proboscis over 30 cm long. Co-evolution means that 

interactions are non-linear, resulting in changes disproportionate to the event that 

caused the original change.  

Table 2.3-3 Interactions and their Properties Defined 

CAS Concept Properties Definition 

Interactions are 

reciprocal actions 

or influences 

between agents as 

they pursue their 

goals 

Connectivity Enables the flow of information and resources between 

agents 

Exchange of 

Resources 

Agents interact to procure resources more valuable to them 

in the pursuit of their own goals 

Co-

evolutionary 

Interactions between agents affect each other’s evolution 

through a cascade of reciprocal adaptions 

 

2.3.4 System Level Properties 

System-level properties are defined as collective phenomena collaboratively created 

by individual agents, but irreducible to individual action (Sawyer, 2005). It is these 

properties that distinguish a complex system from one that is merely complicated 

(Snowden, 2000) An example of a system level property is a standing ovation in a 

crowd. While no one individual determines if there will be a standing ovation, people 

are more likely to stand up if people around them are standing. Thus the standing 
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ovation emerges from the interactions between individuals in the crowd (Miller and 

Page, 2007). System-level properties highlight the incoherence in nomenclature that 

affects CAS highlighted in Section 2.2.2. The literature uses many synonyms to 

describe these properties. These synonyms include patterns (Levin, 1998, Fryer, 

2010), regularities (Gell-Mann, 1994a), complex adaptive behaviours (McCarthy et 

al., 2006), emergent order (Goldstein, 1999), global network properties (Bassett et al., 

2008) and emergent behaviour (Rowe and Hogarth, 2005). In Figure 2.3-1, system 

level properties are denoted by the numeral ‘iv’ and are represented by a dotted oval.  

A review of the literature identifies four main properties of emergent system-level 

properties relevant to the management of complex adaptive systems. These 

characteristics are now explained and summarised in Table 2.3-4. 

Firstly, system level properties tend to exist in any one of a number of attractor states. 

These attractor states are relatively stable states that the system is attracted towards 

when perturbed. The system level properties of a CAS have the qualitative properties 

of the attractor state it exists in (Goldstein, 1999). Mathematically, attractor states are 

defined as states where the energy function for the system is minimised for a particular 

configuration of system variables (Curşeu, 2006). For example, profit-seeking 

organisations will form an attractor state in a perfectly competitive market where price 

is stable. While a system can change between attractor states, these changes occur 

relatively infrequent compared with minor changes and generally only occur when the 

system is excessively stressed or perturbed (Anderson, 1999) 

Secondly, system level properties are resilient. Resilience implies that the system 

level properties maintain a sense of identity over time and are immune to reasonable 

variations in the behaviour of individual agents (Miller and Page, 2007). Resilience 

arises because the agents in a CAS share a common purpose, the system is prepared 

to adapt its form to maintain its ability to function (Edson, 2012) and feedback (c.f. 

2.3.5) reinforces patterns that contribute towards the survival of the system (Edson, 

2012). Furthermore, complex adaptive systems have a high degree of redundant 

connections. This means that system can continue to function even if some of the 

connections are broken. For example, neural networks continue to recognise patterns 

even when the system is damaged (Heylighen, 2001).  
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Thirdly, system level properties are unpredictable and can result in behaviours not 

previously seen in the system (Corning, 2002, Goldstein, 1999). It can be hard to 

identify the cause of system-level properties and thus it is impossible to predict their 

emergence (Heylighen, 2001). This unpredictability arises because system-level 

properties are not determined by the decision rules of the individual agents, but arise 

from a degree of randomness and non-linearity as agents interact. For example, in 

social systems, people can react irrationally or use past experiences that may no longer 

be valid to determine the appropriate response (Mitleton-Kelly, 2003a). This non-

linearity combined with amplification of seemingly insignificant events by positive 

feedback can result in unexpected outcomes (Goldstein, 1999, Anderson, 1999).  

Fourthly, system level properties are path-dependent. Complex adaptive systems 

have a memory of their history which acts a knowledge repository distributed through 

the system. This memory of the system’s history creates a path-dependence that 

shapes how it develops in the future (Holland, 1992a, Benbya and McKelvey, 2006a, 

Uhl-Bien et al., 2007). For example, two organisations with identical goals and 

resources will be completely different because of their history (Stacey, 1995). This is 

because the final state of complex systems is sensitive to their initial conditions 

(Schneider and Somers, 2006).  

Table 2.3-4 System Level Properties and their Properties Defined 

CAS Concept Properties Definition 

System-level 

properties 

are collective 

phenomena 

collaboratively 

created by 

individual agents, 

but irreducible to 

individual action 

Attractor states Relatively stable states that the system is attracted towards 

unless perturbed 

Resilient maintain a sense of identity over time and are immune to 

reasonable variations in the behaviour of individual agents 

Unpredictable Hard to identify the cause of system-level properties and 

thus it is impossible to predict their emergence 

Path-dependent Memory creates a path-dependence that shapes how the 

system develops in the future 

 

2.3.5 Feedback Loops 

Feedback loops arise when a process is modified by its own results. Feedback occurs 

in a CAS because a change at one level of the system can create changes in adjacent 

levels of the system (Benbya and McKelvey, 2006b). Feedback loops produce and 

sustain the properties that make systems complex (Markovsky, 1998). The interacting 
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agents in a CAS create system level properties which, in turn, feedback to those agents, 

modifying their behaviour. This means that the system is modified by its own results 

in a circular loop.  In Figure 2.3-1, feedback loops are denoted by the numeral ‘v’ and 

represented by the two downward dotted block arrows from system level properties to 

the cluster of interacting agents. The literature shows that feedback can either be 

positive or negative. Both positive and negative feedback are explained below and 

summarised in Table 2.3-5. CAS requires a balance between the two to maintain the 

balance between order and chaos (Cilliers, 1998). 

Positive feedback is associated with the emergence of complex behaviour (Benbya 

and McKelvey, 2006a). With positive feedback, the process being fed back takes place 

in the same direction as the initial change. This means that positive feedback amplifies 

certain behaviours resulting in other behaviours being crowded out. This leads to a 

radically altered system. Desirable behaviours are better supported by positive 

feedback that encourages autonomous action (Choi et al., 2001). Because positive 

feedback allows the agents to learn, it can result in a refined process (Holland, 1995, 

Fuller and Moran, 2001) and the formation of virtuous circles (Stacey, 1995). 

Negative feedback is often associated with control stability. With negative feedback, 

the process being fed back takes place in the opposite direction to the initial change. 

Negative feedback dampens the initial change (Mitleton-Kelly, 2003a) and stabilises 

a system in its current state. Management literature often emphasises the importance 

of negative feedback for control and accountability. However, negative feedback can 

suppress innovation and autonomous action (Choi et al., 2001). Furthermore, negative 

feedback can lead to the formation of vicious cycles where agents act more and more 

selfishly in response to the imposition of constraints. 

Table 2.3-5 Feedback Loops and their Properties Defined 

CAS Concept Properties Definition 

Feedback loops 

arise when a 

process is modified 

by its own results 

Positive Process being fed back takes place in the same direction as 

the initial change. 

Negative Process being fed back takes place in the opposite direction 

to the initial change 
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2.4 Summary 

This chapter introduced complexity theory and discussed the various strands of 

complexity science. It justified the choice of CAS as the theoretical basis for this study. 

It presented an overview of CAS and showed examples where CAS had been 

demonstrated to result in the better management of complex systems. The challenges 

associated with managing complex adaptive systems were then outlined. The next 

section provided a comprehensive definition of CAS distilled from the literature and 

identified the most appropriate way – analogical reasoning – to apply CAS in this 

study. It then developed a conceptual framework from the CAS literature for the study 

consisting of five main concepts and their properties. The main concepts are agents, 

environment, interactions, system-level properties and feedback loops. These five 

concepts of CAS and their properties illustrated in Figure 2.4-1 and summarised in 

Table 2.4-1. This framework will be used to review the IS PPM literature and guide 

the collection and analysis of data. 

 

Figure 2.4-1 Conceptual Framework for CAS 
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Table 2.4-1 CAS Concepts and their Properties Defined 

CAS Concept Properties Definition 

Agents are the 

individual actors or 

basic entities of 

action in a CAS 

Autonomy 

 

Agents are free to apply ingenuity and effort to alter the 

world around them 

Common 

purpose 

Consists of shared understandings as to what the goal of the 

system is. 

Self-organizing Agents coalesce into clusters resulting in co-operative 

behaviour without the intervention of a central controller 

Requisite 

variety 

System must consist of a large number of heterogeneous 

agents with diverse forms and abilities 

Adaptiveness The evolutionary process whereby agents improve their 

fitness 

Environment is 

the setting in which 

the CAS operates 

in and interacts 

with 

Open boundary Agents and resources can move back and forth between the 

environment and the CAS 

Source of 

resources 

Provides the energy, information and resources required to 

sustain the system 

Dynamic Environment of any given CAS is made up of other CAS’s, 

each of which changes and affect change in each other 

No optimal 

state of fitness 

There is no lasting configuration of the system that provides 

a better fitness to the environment than all the other 

possible configurations. 

Interactions are 

reciprocal actions 

or influences 

between agents as 

they pursue their 

goals 

Connectivity Enables the flow of information and resources between 

agents 

Exchange of 

Resources 

Agents interact to procure resources more valuable to them 

in the pursuit of their own goals 

Co-

evolutionary 

Interactions between agents affect each other’s evolution 

through a cascade of reciprocal adaptions 

System-level 

properties 

are collective 

phenomena 

collaboratively 

created by 

individual agents, 

but irreducible to 

individual action 

Attractor states Relatively stable states that the system is attracted towards 

unless perturbed 

Resilient maintain a sense of identity over time and are immune to 

reasonable variations in the behaviour of individual agents 

Unpredictable Hard to identify the cause of system-level properties and 

thus it is impossible to predict their emergence 

Path-dependent Memory creates a path-dependence that shapes how the 

system develops in the future 

Feedback loops 

arise when a 

process is modified 

by its own results 

Positive Process being fed back takes place in the same direction as 

the initial change. 

Negative Process being fed back takes place in the opposite direction 

to the initial change 
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 Chapter 3: Information Systems Project Portfolio 

Management 

3.1 Introduction and Chapter Layout 

This chapter introduces information systems project portfolio management (IS PPM) 

as the research domain for this study. This chapter is laid out as illustrated in Figure 

3.1-1. Section 3.2 presents the definition for IS PPM used in this study. Section 3.3 

identifies the main components of IS PPM. These components inform the research 

objective presented in Chapter One and provide four “bins” for the IS PPM practices 

that are later identified in the expert interviews and case study. Sections 3.4 - 3.8 

operationalise the CAS framework, developed in Chapter Two, for IS PPM and use it 

as a lens to critically appraise the IS PPM literature. Each section explains one of the 

CAS concepts and its properties in the context of IS PPM. The extent to which the 

revised concept or property has been addressed by the IS PPM literature is then 

discussed. This serves both to address the first and second research objectives of the 

study and to help data collection by guiding the construction of interview protocols in 

the next chapter.  

 

Figure 3.1-1 Layout of Chapter 3 
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3.2 Information Systems PPM Defined 

This section discusses the unique features of IS portfolios by differentiating between 

portfolios and programs to presents a comprehensive definition of IS PPM.  

3.2.1 The Difference between Portfolios and Programs 

Both PPM and program management involve the simultaneous management of 

multiple projects. However, the focus of this study is on portfolios and portfolio 

management. While the terms PPM and program management are used 

interchangeably by some authors (e.g. Pellegrini, 1997), an examination of the 

literature reveals that programs and portfolios have some unique features. Firstly, 

while programs exist to achieve a specific set of benefits (Pellegrini, 1997), a portfolio 

comprises the complete set of projects an organisation is engaged in (De Reyck et 

al., 2005, Meskendahl, 2010). Secondly, the projects making up a program are related 

(De Reyck et al., 2005, Lycett et al., 2004). In contrast, the projects in a portfolio do 

not necessarily need to be related. However, they are carried out under the sponsorship 

or management of a particular organisation and share and compete for the same scarce 

resources (Archer and Ghasemzadeh, 1999, Blichfeldt and Eskerod, 2008). Thirdly, 

the projects in a program have a finite lifetime (Lycett et al., 2004), whereas, portfolios 

are ongoing, without a specified start or end (De Reyck et al., 2005, Meskendahl, 

2010). Finally, while a program may be operational, the overall portfolio is strategic 

in nature. This aspect of the portfolio is also emphasised by both De Reyck et al. (2005) 

and the PMI (2009) who define a project portfolio as “a collection of projects or 

programs and other work that are grouped together to facilitate effective management 

of that work to meet strategic business objectives”.  

3.2.2 IS PPM Defined 

IS PPM is the process by which IS project portfolios are managed and is generally 

defined in terms of its principal components. The principal components of IS PPM are 

identified in Section 3.3. They are (i) the identification, selection and prioritisation of 

projects, (ii) resource management, (iii) strategic alignment and, (iv) performance 

management. By synthesising these components with the unique features of IS 

portfolios presented in Section 3.2.1, this study defines IS PPM as:  

The ongoing identification, selection, prioritisation and management of the 

complete set of an organisations information systems projects that share 
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common resources to maximise returns to the organisation and achieve 

strategic business objectives.  

3.3 The Components of IS PPM 

A review of the highly cited studies that examine PPM reveal the different activities 

that comprise PPM. For example, the PMI deconstruct portfolio management into five 

knowledge areas (PMI, 2013), whereas Pennypacker (2005) identifies six components 

and Kendall and Rollins (2003) identify different six responsibilities for portfolio 

management. This study reviews the highly cited generic PPM literature and 

synthesises it into four main components as shown in Table 3.3-1. It then discusses 

the state of each component in the IS PPM literature. These components are (i) the 

identification, selection and prioritisation of projects, (ii) resource management, (iii) 

strategic alignment, and (iv) performance management.  

There is broad agreement that an important component of PPM is the selection of 

projects (Kendall and Rollins, 2003, Pennypacker and Retna, 2009, Rajegopal, 2013). 

According to Cooper et al. (2000), while project management is about “doing projects 

right”, portfolio management is about “doing the right projects”. Pennypacker and 

Retna (2009) explain that the first challenge faced by a portfolio manager is to ensure 

the portfolio is investing in the right things and Rajegopal (2013) advises the manager 

must determine what mix of projects is required to take the organisation to a future 

desired state. According to Kendall and Rollins (2003), this involves the assessment 

of opportunities and the establishment of a balanced portfolio that must be regularly 

reprioritised. Therefore, the first component of IS PPM is the identification, selection 

and prioritisation of projects. 

The timely implementation of concurrent projects is dependent on the availability and 

the appropriate use of both physical and human resources. PPM must ensure these 

physical and human resources are managed properly to ensure the best use possible is 

made of them and bottlenecks are avoided (Pennypacker and Retna, 2009, Levine, 

2007, Rajegopal, 2013). Furthermore, because resources are shared by the projects in 

a portfolio, their effective management is both challenging and critical to portfolio 

success (Archer and Ghasemzadeh, 1999, Blichfeldt and Eskerod, 2008). Therefore, 

the second component of PPM is resource management. 
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Table 3.3-1. The components of IS PPM 

PPM Component Kendall and Rollins 

(2005) 

Pennypacker and 

Dye (2005) 

Levine(2007) Pennypacker and 

Retna (2009) 

Rajegopal(2013) PMI (2013) 

Identification, 

selection and 

prioritisation 

- Determine a viable 

project mix 

- Balance the 

portfolio 

- Evaluating new 

opportunities 

- Opportunity 

assessment 

- Selection and 

Prioritisation 

- Contribute to 

future as well as 

present returns 

- Consistent with 

firms values 

- Evaluating 

investment in 

projects 

- Determine 

appropriate mix of 

projects 

- Portfolio risk 

management 

Resource 

management 

 - Portfolio 

Resource 

management 

- Projects must 

effectively use 

resources 

- Resource 

optimisation 

- Capacity for 

change 

- Resource 

optimisation  

 

Strategic alignment   - Projects must be 

aligned with 

strategic goals 

 - Matching projects 

to strategy 

- Portfolio 

strategic 

management 

Performance 

management 

- Monitor the 

planning and 

execution of chosen 

projects  

- Provide information 

and 

recommendations 

- Analysing portfolio 

performance 

- Portfolio 

performance 

management 

- Portfolio and 

Project 

communication 

- Governance 

- Projects must 

contribute to 

cash flow 

- Measure 

execution 

- Measure 

benefits 

- Impact on share 

price 

- Portfolio 

performance 

management 

- Portfolio 

communication 

management 

- Portfolio 

governance 

management 
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The importance of strategy is a key differentiator between portfolio and program 

management. The strategic nature of portfolio management is emphasised by several 

authors. For example, Rajegopal (2013) advises that the portfolio manager must ask 

how projects support strategic initiatives and Levine (2007) warns that all projects 

must be aligned to strategic goals. Strategic management is also considered a key 

portfolio knowledge area by the (PMI, 2013) and research shows that effective 

portfolios with a high degree of maturity engage in frequent reviews of the alignment 

between the portfolio and organisational strategy (Rajegopal, 2013). Therefore, the 

third component of PPM is strategic alignment. 

The importance of monitoring, managing and communicating portfolio performance 

is a common theme across major PPM studies (Kendall and Rollins, 2003, PMI, 2013). 

Pennypacker and Retna (2009) recommend portfolio managers consider how 

effectively the portfolio is achieving its goals and business benefits. Others are 

concerned with the contribution of the portfolio to cash flows or corporate value 

(Levine, 2007, Rajegopal, 2013). Performance management also involves ensuring 

appropriate portfolio communications and governance structures are in place (PMI, 

2013, Pennypacker and Retna, 2009).Therefore, the fourth component of PPM is 

performance management. 

Each of the components is now described in more detail. This will facilitate the 

identification and categorisation of portfolio management practices in Chapter Five.  

3.3.1 The Identification, Selection and Prioritisation of Projects 

According to Jeffery and Leliveld (2004), a mature portfolio has well-defined 

processes for project selection, such as the screening and categorisation of projects. 

Despite the overall immaturity of IS PPM literature, there are many studies that look 

specifically at this activity. Furthermore, it is also acknowledged that despite the 

specific governance context associated with IS, some methods originally designed for 

portfolio management in other disciplines, such as new product development and 

R&D, can be applied to IS project selection (Frey and Buxmann, 2012, Thomas et al., 

2007). Frey and Buxmann (2012) provide a comprehensive list of quantitative 

selection techniques. However, the application of these models has proven difficult in 

reality (Thomas et al., 2007) and there are a number of studies that take a qualitative 

approach, focusing on the challenges and best practices associated with portfolio 
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selection  (e.g. De Reyck et al., 2005, Chou et al., 2006, Häckel and Hänsch, 2014, 

Jeffery and Leliveld, 2004, Jiang and Klein, 1999b).  

Project selection is challenging because, almost invariably, an organisation has more 

potential projects than it has resources to achieve them. Also, projects have a mix of 

tangible and intangible benefits that are difficult to measure quantitatively or 

qualitatively (Prifling, 2010, De Reyck et al., 2005, Angelou and Economides, 2008a, 

Elonen and Artto, 2003). Project selection seeks to create a balanced portfolio that 

contributes to organisational goals by identifying projects with the best business case 

and eliminating projects likely to fail, as well as limiting the number of projects to 

available resources (Frey and Buxmann, 2012, Jeffery and Leliveld, 2004). 

Furthermore, it is an ongoing process as the benefits of projects may rise or fall as the 

environment changes (Pennypacker, 2005, Jeffery and Leliveld, 2004). In this study, 

project selection is the ongoing identification, assessment and prioritisation of 

opportunities, to create a balanced portfolio, consistent with the organisation’s 

goals. 

3.3.2 Resource Management 

Resource management is important in IS PPM because available resources act as a 

limit on the number of projects that can be completed (PMI, 2013, De Reyck et al., 

2005). It is essential that best use is made of limited resources if a portfolio is to 

achieve its goals and bring about change (Pennypacker and Retna, 2009). While the 

majority of early IS PPM research focused on selection, there have since been a 

number of important studies that focus on the management of resources between and 

across projects. Research into IS PPM resource management has identified both 

quantitative (Cho and Shaw, 2009, Dickinson et al., 2001, Kundisch and Meier, 2011, 

Stummer and Heidenberger, 2003, Heimerl and Kolisch, 2010, Stummer et al., 2009, 

Gutjahr et al., 2010) and  qualitative approaches (De Reyck et al., 2005, Jeffery and 

Leliveld, 2004).  Also, Frey and Buxmann (2012) argue that general PPM findings 

regarding resource interdependencies are also applicable to the specific domain of IS 

PPM resource management. 

Resource management is challenging because a portfolio’s projects comprising the 

portfolio often share resources. While the alignment of financial and physical 

resources between projects may be relatively straightforward, the transfer of people 
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can result in problems (Blichfeldt and Eskerod, 2008, Leonard and Swanepoel, 2009), 

and it is estimated that 60-70% of portfolio resources are people (Rajegopal, 2013). 

Employees can become institutionalised or trapped in operational “silos”, degrading 

the ability of the portfolio to reorganise teams and adapt to change (Kalliney, 

2009).This is generally exacerbated as portfolios often pursue too many projects 

(Elonen and Artto, 2003).  Furthermore, while resource management involves the 

identification and recruitment of the necessary materials and skills to achieve portfolio 

objectives (Blomquist and Müller, 2006, Pennypacker, 2005), portfolios generally 

struggle to attract sufficiently competent people for complex tasks (Elonen and Artto, 

2003), highlighting the need to develop existing people and physical resources, as well 

as procuring new ones. In this study resource management in IS PPM is the 

maximisation and utilisation of available resources to provide the greatest benefit 

to the portfolio. 

3.3.3 Strategic Alignment 

There are several studies that have researched this topic in IS PPM (Jiang and Klein, 

1999b, Chiang and Nunez, 2013, Kumar et al., 2008). Some PPM literature suggests 

that alignment can be achieved through the careful selection and review of projects in 

the portfolio (Pennypacker, 2005, Drake and Byrd, 2006). Chiang and Nunez (2013) 

present a mathematic model to optimise the value and alignment of IS project 

portfolios. However, a top-down approach to strategic alignment fails to acknowledge 

that teams working closely with customers can be more aware of the changing 

environment than senior management. The intended strategy may change slowly if 

senior managers are not aware of this changing environment (Rumelt, 2011). 

Furthermore, if the strategy is defined at a very high level and is not articulated in 

terms that teams can understand, then it may be very difficult to test the alignment 

between projects and strategy (Pennypacker and Retna, 2009). Another challenge in 

maintaining alignment arises when portfolio staff act politically, putting their own 

interests ahead of those of the portfolio (Jeffery and Leliveld, 2004).  

IS PPM needs to connect organisational strategy with portfolio activities. This 

connection is particularly difficult to maintain because portfolios are conducted in an 

environment characterised by great technical and market uncertainty. Each project 

needs to be aligned with at least one strategic objective, and for this to happen, there 

must be a clear understanding of what the strategic objectives are (Levine, 2007). 
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Ideally, all projects within an organisation should link to the overall strategic goals of 

the firm (Jeffery and Leliveld, 2004, De Reyck et al., 2005). However, the emergent 

nature of organisational strategy means that IS alignment is a “journey” as opposed to 

a fixed state (Sabherwal et al., 2001, Daniel et al., 2014, Benbya and McKelvey, 

2006b). In this study, strategic alignment is the continuous process of ensuring 

projects and overall organisational strategic goals are linked.  

3.3.4 Portfolio Performance Management 

Portfolio performance is the degree to which the portfolio succeeds in fulfilling its 

objectives (Cooper et al., 1999). The focus on project selection in the IS PPM literature 

means there is little research to aid the practitioner with the identification and 

correction of problems on a day-to-day basis. However, the literature does identify 

four elements of portfolio performance management. Firstly, portfolio management 

ensures that the portfolio is contributing to the share price and cash flow of the 

organisation (Rajegopal, 2013, Levine, 2007). Secondly, it ensures the projects which 

comprise the portfolio are performing to plan and realising the anticipated qualitative 

and quantitative benefits (Pennypacker and Retna, 2009). Thirdly, IS PPM 

performance management helps to identify and fix problems (Levine, 2007). Fourthly, 

it serves to communicate information to key stakeholders (Pennypacker, 2005, PMI, 

2013). 

While it is possible to relate certain portfolio practices to higher performance (Muller 

et al., 2008), portfolio performance management is a complex activity. This is because 

portfolio performance has many factors and there is no single optimal portfolio 

configuration of projects that can maximise all of these sometimes competing factors 

(Kersten and Verhoef, 2003). The measurement of performance is difficult, and many 

organisations struggle to estimate IS benefits at the portfolio level (Jeffery and 

Leliveld, 2004, Verhoef, 2002). This is because synergies mean portfolio performance 

can be more than the sum of the benefits of individual projects (Angelou and 

Economides, 2008a) and Martinsuo and Lehtonen (2007) show that half the variance 

in portfolio performance is explained by portfolio as opposed to project level factors. 

The challenge of performance management is exacerbated by the difficulty of 

measuring and managing qualitative factors (Chiang and Nunez, 2013). In this study 

IS PPM performance management involves identifying, improving and 

communicating the benefits of the portfolio and its projects. 
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The next five sections operationalise the conceptual framework for CAS, developed 

in the last chapter, for IS PPM. This is done in a modular fashion. Each section focuses 

on one of the CAS concepts and its properties. The operationalised CAS property is 

presented in a box and, beneath it, the literature is then examined to see how that 

property is addressed in IS PPM. Each subsection concludes with a summary table. 

3.4 Operationalising Agents for IS PPM and Reviewing the Literature 

Section 2.3.1 defines an agent as the individual actor or basic entity of action in a 

CAS. An agent in CAS has a degree of autonomy and acts on its’ own behalf (Benbya 

and McKelvey, 2006a). In IS and IS PPM the term is generally used to describe 

somebody acting on behalf or under the control of someone else (Eisenhardt, 1985). 

However, many actors or entities in IS PPM are autonomous entities of action and can 

thus be considered agents from a CAS perspective. Portfolio actors are any individual 

or team that can make a meaningful contribution to the achievement of portfolio goals, 

for example, portfolio and project managers, members of the PMO (Singh et al., 2009), 

IS development groups (Kumar et al., 2008) and the CIO (Bonham, 2004). Also, 

according to Nan (2011) agents can represent concepts and objects as well as 

individuals and organisations. Therefore the IS project could also be considered an 

agent (Sato et al., 2015). However, this study is focused on individuals and teams. The 

project as an agent is considered an interesting topic for future research in Section 8.5. 

In a CAS-based approach to IS PPM, agents are the individuals and teams that 

contribute towards the attainment of portfolio purpose and goals. 

Much of the existing IS PPM research does not take an agent-based approach. Instead, 

it focuses on top-down standardisation and centralisation (De Reyck et al., 2005, 

Jeffery and Leliveld, 2004). This top-down standardisation and centralisation are at 

odds with the definition of CAS used in this study. The literature shows evidence of 

concern that a loss of top management control will impair IS PPM (Hansen and 

Kræmmergaard, 2014). However, according to Hansen and Kræmmergaard (2014), 

the interpretive stream of IS PPM research (e.g. Blichfeldt and Eskerod, 2008) is, in 

fact, focused on the individual actors that make up the portfolio and how they interact. 

For example, Pellegrinelli and Garagna (2009) argue that portfolio actors must be 

proactive change agents rather than reactive. Other studies have examined how 

different actors such as managers, members of the PMO (Singh et al., 2009), IS 
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development groups (Kumar et al., 2008) and the CIO (Bonham, 2004) behave and 

contribute to portfolio goals. However, these studies omit many of the properties of 

CAS agents when seeking to explain portfolio actors’ behaviour. The following 

subsections operationalise the properties of agents for this study and appraise their 

treatment in the IS PPM literature. 

3.4.1 Agent Autonomy 

In Section 2.3.1 it was shown that in CAS, autonomy means agents have some 

freedom to apply ingenuity and effort to alter the world around them (Bristow and 

Healy, 2014, Benbya and McKelvey, 2006a). In IS PPM the degree of autonomy or 

freedom afforded to agents can vary depending on both the degree of centralisation in 

the portfolio governance structure (Frey and Buxmann, 2011) and the project 

methodology being used (Dybå and Dingsøyr, 2008, Chiang and Nunez, 2013). 

However, it is acknowledged that all portfolio actors need some level of autonomy or 

freedom to choose how best contribute to the overall performance and business goals 

of the portfolio (Martinsuo and Lehtonen, 2009).  

In a CAS based approach to IS PPM, agent autonomy means portfolio agents have 

some freedom to choose how they contribute to the common goals of the IS portfolio.  

According to the IS PPM literature, autonomy must be balanced with control. In many 

cases autonomy is encouraged as senior management are concerned that a lack of 

independent work stifles innovation.  According to DeSanctis and Poole (1994), 

greater autonomy facilitates business units to respond more quickly to change. 

Furthermore, autonomy enables project teams to optimise their resources in pursuit of 

better performance and business goals (Martinsuo and Lehtonen, 2009). However, 

Frey and Buxmann (2011) caution that a decentralised structure can result in unclear 

responsibilities, delayed decision making, and poor compromises. Centralised control 

can give greater accountability (Daniel et al., 2014). Indeed, according to IS portfolio 

maturity models, mature portfolios have a high degree of centralised control (De 

Reyck et al., 2005, Jeffery and Leliveld, 2004). This is justified as interdependencies 

between projects mean that individual projects cannot have complete autonomy over 

their schedules without incurring massive overheads (Chiang and Nunez, 2013). It is 

also acknowledged that good portfolio practices (e.g. the establishment of a PMO) can 

lead to a loss of autonomy at the project level (Pellegrinelli and Garagna, 2009).  There 
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are no clear guidelines in IS PPM literature as to what level of autonomy is appropriate 

to foster innovation without losing control or increasing management overhead. 

3.4.2 Common Purpose 

The common purpose of a CAS was defined in Section 2.3.1 as a set of shared 

understandings as to what the goal of the system is. The establishment and 

achievement of a common purpose is critical to portfolio success (Muller et al., 2008). 

The primary purpose of IS PPM is to maximise business benefits and achieve strategic 

goals.  

In a CAS-based approach to IS PPM, common purpose is defined as a set of higher 

level goals that all portfolio agents should contribute towards. 

While the degree to which all members of a group are committed to achieving shared 

goals at the project level has been studied (O'Dwyer and Conboy, 2013), it has not 

been examined at the portfolio level. However, it is acknowledged that the 

establishment and articulation of a common purpose is challenging in a multi-project 

environment. For example, in one study 82% of respondents identified the poor 

definition of goals and purpose as a significant challenge to the implementation of a 

PMO, and even when goals are defined, they are not always shared by the whole 

portfolio (Singh et al., 2009). Different agents in IS PPM can act politically or selfishly 

and without regard to a common purpose (Jeffery and Leliveld, 2004). Another 

difficulty arises because organisations often reward compliance with institutional 

norms and short-term opportunism rather than the behaviours that drive long-term 

success (Anderson, 1999). Difficulties in creating a shared purpose are exacerbated 

when IS portfolios are viewed as “order takers” (Thomas and Baker, 2008), drawn on 

in an ad hoc manner, inhibiting the establishment of a common vision across the 

portfolio. The IS PPM literature acknowledges the importance of a common portfolio 

purpose. However, it provides little guidance on how to establish it. 

3.4.3 Self-organisation 

In Section 2.3.1 it was shown that in a CAS self-organisation arises when agents 

coalesce into clusters resulting in co-operative behaviour without the intervention of 

a central controller. It should be noted that decentralised control is a defining 

characteristic of CAS (Chiles et al., 2004) and it is not possible to consider IS PPM as 
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a CAS unless some freedom to self-organise exists. While only agile teams are 

explicitly arranged to be self-organizing, different degrees of self-organisation are 

possible in IS PPM. For example, portfolios can facilitate informal collaboration 

between individuals and teams, parallel to the formal structure. This enables them to 

rapidly complete new projects of the own choosing and share knowledge (Amberland, 

2013, Tate, 2013).   

In a CAS-based approach to IS PPM, self-organisation is the establishment of 

informal groups of portfolio agents that collaborate on projects of their own choosing 

or share knowledge. 

The literature acknowledges the benefits of self-organisation in IS PPM. For example, 

it facilitates the acceptance of innovative ideas (Lyytinen and Rose, 2006) and enables 

autonomous teams to respond to changes in requirements or in the environment and 

respond without management intervention (McGrath, 2001, Uhl-Bien et al., 2007). 

Furthermore, Benbya and McKelvey (2006b) argue that self-organizing agents can 

create the structures and processes needed to create better IS. However, the centralised 

governance structure in some portfolios (De Reyck et al., 2005, Jeffery and Leliveld, 

2004) mean the degree to which portfolio agents can self-organise may be severely 

constrained and the literature suggests there is evidence of a “clear tension between 

large software companies and the process of self-organisation” (Kettunen and Laanti, 

2008 p.189).  

Some companies are, however, moving away from the centralised, hierarchical 

approach to PPM and are embracing self-organisation at the portfolio level. 

Employees from across the organisation are encouraged to spend time together asking 

questions and discussing ideas (Amberland, 2013) and have initiatives that allow 

employees spend time on projects of their own choosing (Tate, 2013). For example, 

Spotify employees are grouped into “squads” that collaborate on products as well as 

sharing knowledge, tools and code (Vaidya, 2014). There is also a small, but growing, 

body of literature that is seeking to scale agile practices to the portfolio level (Dingsøyr 

and Moe, 2013, Dingsøyr and Moe, 2014). The literature demonstrates that portfolio-

level self-organisation is possible even when a formal command-and-control structure 

is in place. However, further research is necessary to examine how IS PPM can support 

it effectively. 
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3.4.4 Requisite Variety 

In Section 2.3.1 it was shown that requisite variety requires a CAS to be comprised 

of heterogeneous agents with diverse forms and abilities. A well balanced IS portfolio 

requires a wide diversity of both portfolio actors, i.e., agents and projects to achieve 

its purpose. These portfolio actors must have a range of distinct technical skills to 

complete the different projects that comprise the portfolio (Cho and Shaw, 2009, 

Verhoef, 2002). Furthermore, project and portfolio level managers need softer skills 

to take portfolio-level management considerations into account (Martinsuo, 2013). 

In a CAS-based approach to IS PPM requisite variety is a sufficiently wide range of 

portfolio agents with the necessary skills to ensure the portfolio purpose can be 

achieved. 

While the IS PPM literature considers the appropriate diversity of projects, the focus 

of this section is on diversity between the different portfolio agents. The literature 

acknowledges that IS PPM requires both a variety of agents and a variety of skills 

among those agents. However, creating such a mix of soft and hard skills among 

portfolio actors is a key challenge in IS PPM (Singh et al., 2009). However, empirical 

research suggests only 33% of organisations manage the diversity of their portfolio 

(De Reyck et al., 2005) and many portfolios are, in fact, trying to reduce their 

dependence on specialised knowledge and skills (Frey and Buxmann, 2011). 

Furthermore, decisions around the appropriate level of diversity in a portfolio are often 

made on the basis of intuition, (Benaroch, 2002, Benaroch et al., 2006). Further 

research is required to identify both the appropriate level of diversity in portfolios and 

how to achieve it. 

3.4.5 Agent Adaptiveness 

Section 2.3.1 defined adaptiveness as an evolutionary process where agents improve 

their fitness to their environment. The flexibility to adapt to unexpected changes is 

considered an important measure of success in IS PPM (Kumar et al., 2008) and has 

been associated with improved performance and the achievement of portfolio purpose.  

Portfolio actors must be able to change in response to changes in the environment if 

they are to achieve their purpose (Merali et al., 2012, Daniel et al., 2014).  
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In a CAS-based approach to IS PPM, adaptiveness describes a portfolio agent’s ability 

to change to improve their contribution to portfolio purpose. 

Adaptiveness has been well studied in IS PPM. Evidence suggests that portfolio agents 

do adapt their behaviour based on the information available to them and in response 

to changes in the environment (Blichfeldt and Eskerod, 2008). One means of adaption 

is by gaining new skills. For example, individuals can be trained with specific skills 

that were previously lacking, e.g., finance (De Reyck et al., 2005). Adaptiveness is 

considered particularly important in the agile portfolio management literature. Teams 

using agile methods have adapted their project management methods when placed 

under time pressure (Malgonde et al., 2014) and Steindl (2005) finds that short 

feedback loops allow agile teams to adapt their measurement system to overall 

portfolio goals. Furthermore, Kalliney (2009) argues that the scrum of scrums presents 

an opportunity for teams to share information and adapt. However, even in non-agile 

portfolios adaptiveness is supported through a lessons learned process that allows 

knowledge be transferred between portfolio actors and teams enabling them to change 

(Daniel et al., 2014).  

Table 3.4-1 Agents in IS PPM 

Concept Properties Meaning in IS PPM Summary of Literature 

Agents are 

the 

individuals 

and ISD 

teams that 

contribute 

towards 

the 

attainment 

of 

portfolio 

purpose 

and goals 

 

Autonomy 

 

Portfolio agents having some 

freedom to choose how they 

contribute to the common 

goals of the IS portfolio. 

No clear guidelines in IS PPM 

literature as to what level of 

autonomy is appropriate to foster 

innovation without losing control 

or increasing overhead. 

Common 

purpose 

A set of higher level goals that 

all portfolio agents should 

contribute towards. 

Literature provides little guidance 

on how to establish and 

communicate a common purpose. 

Self-

organizing 

The establishment of informal 

groups of portfolio agents that 

collaborate on projects of their 

own choosing or share 

knowledge. 

Further research is necessary to 

examine how IS PPM can support 

self-organisation. 

 

Requisite 

variety 

A sufficiently wide range of 

agents with the necessary 

skills to ensure the portfolio 

purpose can be achieved. 

Further research is required to 

identify both the appropriate level 

of diversity in portfolios and how 

to achieve it. 

Adaptiveness Portfolio agent’s ability to 

change to improve 

contribution to portfolio 

purpose. 

Adaptiveness has been well 

studied in IS PPM. 
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3.5 Operationalising the Environment for IS PPM and Reviewing the Literature 

Section 2.3.2 defines the environment as the setting in which the CAS operates in and 

interacts with. The portfolio environment contains the resources the portfolio needs 

but does not control, as well as the other systems and agents that are competing for 

those resources or interacting with and affecting the portfolio. For example, while an 

IS project portfolio exists within its parent organisation, it also interacts with suppliers, 

customers, competitors, government regulators and partner organisations (Jeffery and 

Leliveld, 2004).  

In a CAS-based approach to IS PPM, the environment is defined as the systems, agents 

and resources that can affect the IS project portfolio but are not part of the portfolio.  

Since its inception, IS PPM have considered the critical nature of the relationship 

between the portfolio and its environment (McFarlan, 1981). However, different 

researchers have focused on individual aspects of the environment rather than taking 

a holistic approach. For example, Jiang and Klein (1999a) looked at the political 

environment, whereas, Blomquist and Müller (2006) examined the organisational 

environment. The literature acknowledges that the environment can act as a constraint 

on IS PPM (De Reyck et al., 2005) as factors such as regulation can have implications 

for financial-based decision making (Jeffery and Leliveld, 2004). While there is 

general agreement in the IS PPM literature that the environment is dynamic (Daniel et 

al., 2014, Merali et al., 2012, Blichfeldt and Eskerod, 2008, Blomquist and Müller, 

2006, Urli and Terrien, 2010, Petit, 2012), in general, IS PPM literature has focused 

primarily on alignment with organisational strategy, and there has been little focus on 

how IS PPM responds to environmental change (Daniel et al., 2014). The following 

sub-sections operationalise the properties of the environment for this study and 

appraise their treatment in the IS PPM literature. 

3.5.1 Open Boundary 

Section 2.3.2 shows that the open boundary between the environment and a CAS 

means agents can move back and forth between the environment and the CAS. In IS 

PPM an open boundary lets agents and resources such as information flow in and out 

of the portfolio (Elbanna, 2010). This can benefit the portfolio by facilitating the 

movement of staff to where they are most needed.  



54 
 

In a CAS-based approach to IS PPM, the open boundary between an IS portfolio, and 

its environment is a boundary that separates the portfolio from the rest of the world 

but through which is a boundary through which portfolio agents can enter and exit the 

portfolio as required. 

While most portfolio research seeks to delineate the boundary between the portfolio 

and its environment to protect resources, evidence suggests the portfolio boundary is, 

in fact, open or at least porous. Elbanna (2010) argues that portfolio agents import 

information into the system by crossing boundaries and returning with new 

knowledge. It is argued that some organisations are moving away from a closed 

portfolio model to allow staff, outside the direct control of the portfolio, manage small 

projects (Daniel et al., 2014). Furthermore, many projects that have not been formally 

sanctioned as part of the formal portfolio continue to get enacted by agents within the 

portfolio (O'Dwyer et al., 2014). These projects continue to draw on portfolio 

resources and often result in portfolios having too many projects (Krebs, 2008, De 

Reyck et al., 2005). Further research is required to determine how the portfolio can 

manage an open boundary with its environment. 

3.5.2 Source of Resources 

Section 2.3.2 shows that the environment acts as a source of resources, providing the 

energy, information and resources necessary to sustain a CAS. As shown in Section 

3.3, the management of resources is one of the four components of IS PPM. All 

portfolios rely on resources imported from the environment such as information about 

project requirements and the market, technical knowledge, finance and hardware as 

well as staff to participate in projects. 

In a CAS-based approach to IS PPM, the environment acts as a source of resources by 

providing the portfolio with agents, information, finance, and physical resources for 

the IS portfolio to sustain itself. 

Despite the importance of resource management in IS PMM, much of the research 

focuses on the allocation of existing scarce resources (Dickinson et al., 2001, Kundisch 

and Meier, 2011, Prifling, 2010, Blichfeldt and Eskerod, 2008, Ward, 1990). While 

portfolios usually have more projects that resources available to complete them (De 

Reyck et al., 2005, Archer and Ghasemzadeh, 1999), little research has looked at how 
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portfolios can increase the resources available to them, or how the portfolio can 

manage the environment as a sustainable source of resources.  

3.5.3 Dynamic 

According to Section 2.3.2, the environment in a CAS is dynamic because it is made 

up of constituent complex systems, each of which is changing and affects change on 

the others. The environment in IS PPM is dynamic as the entities that it comprises can 

be viewed as CASs.  For example, the strategy of the host organisation and customer 

demand can change rapidly as new technologies are developed and commercialised, 

and user needs change (Angelou and Economides, 2008a, Bardhan et al., 2004, 

Downes and Nunes, 2013).  

In a CAS-based approach to IS PPM, the portfolio environment is dynamic because it 

comprises many constantly adapting entities resulting in a high degree of technical 

and business change. 

The IS PPM literature acknowledges the dynamic nature of the portfolio environment 

(Angelou and Economides, 2008a, Bardhan et al., 2004, Downes and Nunes, 2013, 

Daniel et al., 2014, Blichfeldt and Eskerod, 2008). To deal with this dynamism, 

different strategies are proposed in the literature. For example, portfolios can contain 

a mix of high risk exploratory and operational projects (Ward, 1990, McFarlan, 1981) 

or take a real options approach that enables them to plan for different scenarios by 

creating the capacity to stop, continue or modify projects as the environment changes 

(Bardhan et al., 2004, Angelou and Economides, 2008a). However, while research has 

addressed the challenges of project selection and reprioritisation, it is suggested that 

many other PPM practices are not suited to dynamic environments with practices and 

portfolio targets revised infrequently (Martinsuo, 2013, Conboy, 2010). The quarterly 

or even monthly reviews of resources and performance recommended by Jeffery and 

Leliveld (2004) may not be appropriate in fast-paced environments, and further 

research examining how IS PPM should be enacted across its four components in 

dynamic environments is required.  

3.5.4 No Optimal State of Fitness 

In Section 2.3.2 it was shown that in a CAS no optimal state of fitness means that 

there is no lasting configuration of the system that provides a better fitness to the 
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environment than all the other possible states. Verhoef (2002) uses the language of 

modern portfolio theory (Markowitz, 1952) to explain that an IS project portfolio has 

no “efficient frontier”. This means that no single configuration of portfolio resources 

exists that is better than all the other possible configurations. Even if such an optimal 

portfolio existed, it would be ephemeral as the environment is constantly changing 

(Daniel et al., 2014). 

In a CAS-based approach to IS PPM, there is no one optimal configuration of portfolio 

resources that provides a lasting best fit with the environment. 

Project selection aims to ensure a portfolio has the right projects and was identified as 

one of the four components of IS PPM in Section 3.3. While many studies address 

project selection, there is dissensus in the literature as to whether an optimal 

configuration can exist and the studies addressing project selection can be divided into 

two distinct themes. The first theme assumes that an optimal state of fitness does exist. 

It focuses on mathematical selection models designed to optimise the portfolio by 

identifying that best set of projects (Bardhan et al., 2004, Chiang and Nunez, 2013, 

Angelou and Economides, 2008a). Up until quite recently, this approach was the 

dominant one in the literature (Frey and Buxmann, 2012). However, there is little 

evidence to suggest that complicated mathematical tools for portfolio selection are 

ever used in practice (Killen et al., 2007). The second theme acknowledges the need 

for portfolios to be dynamic and focuses on portfolio fitness or health (Kumar et al., 

2008, Weill and Vitale, 1999). The portfolio must constantly adjust to maintain the 

best fitness possible at any time while maintaining alignment to business strategy and 

considers qualitative as well as quantitative factors (De Reyck et al., 2005, Jeffery and 

Leliveld, 2004). This second approach is more consistent with a CAS-based approach. 
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Table 3.5-1 The Environment in IS PPM 

Concept Properties Meaning in IS PPM Summary of Literature 

The 

environment 

is defined as 

the systems, 

agents and 

resources 

that can 

affect the IS 

project 

portfolio but 

are not part 

of portfolio 

Open 

boundary 

Means that portfolio agents can 

enter and exit the portfolio as 

required. 

Further research is required to 

determine how the portfolio can 

manage an open boundary with 

its environment. 

Source of 

resources 

The environment provides the 

necessary portfolio agents, 

information, finance and 

physical resources for the IS 

portfolio to sustain itself. 

There has been little research 

that has examined how the 

portfolio can manage the 

environment as a sustainable 

source of resources. 

Dynamic Portfolio environment 

comprises many constantly 

adapting entities resulting in a 

high degree of technical and 

business change. 

Further research examining 

how IS PPM should be enacted 

across its four components in 

dynamic environments is 

required. 

No optimal 

state of 

fitness 

No one optimal configuration of 

projects that provides a lasting 

best fit with the environment. 

Growing body of literature 

focused on portfolio health 

consistent with CAS approach. 

 

3.6 Operationalising Interactions for IS PPM and Reviewing the Literature 

Interactions are defined in Section 2.3.3 as reciprocal actions or influences between 

agents as they pursue their goals. Portfolio interactions can take on many forms with 

examples including resource interactions (Kundisch and Meier, 2011), functional 

interdependencies (Piccinini et al., 2014), and interactions between people or agents 

(Petit, 2012). It is the interactions between the portfolio agents that are of interest to 

this study. These interactions occur as agents exchange resources, compete and co-

operate to achieve their goals. This can result in the agents improving and creates 

complementarities between them (Cho and Shaw, 2009). 

In a CAS-based approach to IS PPM, interactions are defined as the reciprocal 

influences between the portfolio agents as they pursue portfolio goals. 

The management of interactions is a key challenge in IS PPM  and the focus of many 

studies (De Reyck et al., 2005). Interactions must be considered not just at the selection 

stage but also while the portfolio is being implemented (Kumar et al., 2008). However, 

prior research is limited to interactions between projects around resources, benefits 

and outcomes (Chiang and Nunez, 2013). For example, studies have examined how 

projects interact both with each other (Angelou and Economides, 2008a, Kundisch and 

Meier, 2011) and the external environment (Angelou and Economides, 2008a, Merali, 
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2006, Blichfeldt and Eskerod, 2008). However, there is little research examining 

interactions between portfolio agents. The following subsections operationalise the 

properties of interactions for this study and appraise their treatment in the IS PPM 

literature. 

3.6.1 Connectivity 

According to Section 2.3.3, in a CAS, connectivity enables the flow of information 

and resources between agents. While the IS PPM literature does not specifically refer 

to connectivity, connections between portfolio agents arise because portfolios have 

shared resources (Angelou and Economides, 2008a, Santhanam and Kyparisis, 1996), 

interdependencies (De Reyck et al., 2005), and synergies across multiple projects (Cho 

and Shaw, 2009). These connections allow information and resources flow through 

the portfolio.  

In a CAS-based approach to IS PPM, connectivity is defined as the agents’ ability to 

exchange information and resources. 

While interdependences create connections that allow resources and information to 

flow between projects and teams (De Reyck et al., 2005), research is limited to the 

discussions of the importance of connections between particular sets of agents within 

the portfolio and other types of agents outside the portfolio in the environment. For 

example, Stettina and Hörz (2015) discuss the importance of connectivity between 

portfolio teams and customer and Elbana (2010, 2013) describes how to create 

connectivity between portfolio teams and top management. Furthermore, there is 

concern that too many interactions or over-connectivity can increase management 

overhead (Chiang and Nunez, 2013) and there is a dearth of research advising how to 

create the appropriate level of connectivity between portfolio agents. 

3.6.2 Exchange of Resources 

According to Section 2.3.3, in a CAS agents exchange resources to procure resources 

more valuable to them in the pursuit of their own goals. Because most portfolios are 

short of resources, agents must continuously exchange physical resources, skills and 

information to gain the particular resources that will best help them achieve their goals 

(Cho and Shaw, 2009). 
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In a CAS-based approach to IS PPM, agents exchange information and resources to 

procure the particular resources they need to achieve their individual goals. 

A key finding of PPM research is that most portfolios are short of resources (De Reyck 

et al., 2005). This means resources need to be continuously reallocated between 

projects and teams as the portfolio is re-evaluated and reprioritised (Archer and 

Ghasemzadeh, 1999). However, this exchange is often both a centralised and 

competitive process (PMI, 2013, Elonen and Artto, 2003), in contrast to a CAS-based 

approach. Furthermore, it should be recognised that centralisation can lead to 

difficulties as individual portfolio actors seek to defend their own interests (Platje and 

Seidel, 1993, Blichfeldt and Eskerod, 2008). More in keeping with CAS, some 

researchers argue it is better to create loosely controlled pools of resources that can be 

exchanged between projects (Blichfeldt and Eskerod, 2008). While these decentralised 

pools facilitate greater interaction through dialogue between IS resources and other 

business units (Frey and Buxmann, 2011), further research is required as to how they 

can be supported in IS PPM. 

3.6.3 Co-evolutionary Interactions 

According to Section 2.3.3, in CAS co-evolution describes how interactions between 

agents affect their evolution through as cascade of reciprocal adaptions. In IS co-

evolution is the continuous process of mutual adaption between the different IS 

projects and actors through their repeated interaction  (Benbya and McKelvey, 2006b). 

This study is interested in co-evolution between agents, i.e. portfolio actors. 

In a CAS-based approach to IS PPM, co-evolution is the mutual adaption of portfolio 

agents arising through their repeated interaction. 

The need for a co-evolutionary approach to IS PPM has been expressed in the literature 

(Chiang and Nunez, 2013, Tanriverdi et al., 2010). However, while examples of 

successful co-evolution have been identified, e.g. in Ryanair (Buhalis, 2004), it is 

acknowledged that there is little advice how co-evolution might be achieved in IS PPM 

or indeed IS (Daniel et al., 2014, Merali, 2006). One exception to this is the work of 

Benbya and McKelvey (2006b) who propose a co-evolutionary approach to achieving 

IS alignment, an important goal of IS PPM. However, while  Benbya and McKelvey 
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(2006b) focus on co-evolution between the portfolio and its environment, co-evolution 

between groups of agents has not been examined yet. 

Table 3.6-1 Interactions in IS PPM 

Concept Properties Meaning in IS PPM Summary of Literature 

Interactions 

are defined as 

the reciprocal 

influences 

between the 

portfolio 

agents as they 

pursue 

portfolio 

goals 

Connectivity Portfolio agents are able to 

exchange information and 

resources. 

There is little research advising 

how to create the appropriate 

level of connectivity between 

portfolio agents. 

Exchange of 

Resources 

Portfolio agents exchange 

information and resources 

to procure the particular 

resources they need to 

achieve their individual 

goals. 

Further research is required as 

to how the decentralised 

exchange of resources can be 

supported in IS PPM. 

Co-

evolutionary 

The mutual adaption of 

portfolio agents arising 

through their repeated 

interaction. 

Co-evolution between groups 

of agents has not been 

examined yet. 

 

3.7 Operationalising System-Level Properties for IS PPM and Reviewing the 

Literature 

According to Section 2.3.4, system-level properties are defined as collective 

phenomena that are collaboratively created by individual agents, but irreducible to 

individual action. The existence of portfolio-level properties motivates IS PPM 

(Verhoef, 2002, McFarlan, 1981). If the portfolio itself did not have distinctive 

characteristics, there would be no difference between it and a set of projects, and 

therefore no need for IS PPM. Portfolio properties such as strategy emerge from the 

dynamic combination of different projects and actors and the many changes they 

undergo in response to interactions with the environment (Daniel et al., 2014).  

In a CAS-based approach to IS PPM, system level properties are properties and 

behaviours, observable at the portfolio level, that arise from the collaborative actions 

of portfolio actors but are not explicable by the behaviour of individual actors. 

According to Hansen and Kræmmergaard (2014), there are only a handful of articles 

that investigate emergent phenomena in IS PPM. However, the broader literature 

acknowledges that certain aspects of the portfolio are emergent, e.g., strategy 

(Mintzberg and McHugh, 1985), culture (Prifling, 2010) and risk (PMI, 2013). It has 
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even been argued that the portfolio itself is an emergent property of the choices that 

an organisation makes in how it meets its goals and objectives  (Hansen and 

Kræmmergaard, 2011). The following sub-sections operationalise the properties of 

system-level properties and appraise their treatment in the IS PPM literature. 

3.7.1 Attractor States 

In Section 2.3.4 attractor states are defined as relatively stable states that the system 

is drawn to when perturbed. An important purpose of a portfolio approach to IS is to 

select portfolios that are relatively stable (McFarlan, 1981). It is acknowledged that 

portfolios tend to optimise around several important objectives (Daniel et al., 2014). 

This can create different a number of potential states, depending on which objectives 

are prioritised. The portfolio is likely to remain in one of these states unless it is 

exposed to major disruption or there is a reprioritisation of the objectives that portfolio 

agents focus on. 

In a CAS-based approach to IS PPM, attractor states are states optimised around 

certain objectives that the portfolio will return to if perturbed.  

While the concept of attractor states is not explicitly addressed in the IS PPM 

literature, some examples of portfolio states are identified that correspond to attractor 

states. For example, Frey and Buxmann (2011) found evidence that a particular 

approach to resource allocation resulted in the portfolio becoming trapped in a poorly 

performing state. Hansen and Kræmmergaard (2014) argue that the assumption by 

Blichfeldt and Eskerod (2008) that portfolios exist in a natural state of social harmony 

where problems can be solved is idealised and that other potential states exist. 

However, there has been little investigation as to how these states arise and how the 

portfolio may move from its existing state to a more desirable one. 

3.7.2 Resilience 

In Section 2.3.4 it was shown that in a CAS resilience means that system-level 

properties maintain a sense of identity over time and are immune to reasonable 

variations in the behaviour of individual agents. Portfolio properties such as culture 

and performance can remain unchanged despite changes in the behaviour of individual 

portfolio staff (Prifling, 2010).  
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In a CAS-based approach to IS PPM, resilience means that portfolio has properties 

that are reasonably immune to changes among the agents that generate the portfolio 

properties. 

The IS PPM literature has examined some aspects of portfolio resilience, especially 

relating to performance. For example, it is known that portfolio performance can 

resilient to individual project success or failure. According to the literature, 

performance resilience arises because (i) a balanced portfolio consists of a number of 

projects that act as both substitutes and complements for each other (Kumar et al., 

2008, Angelou and Economides, 2008a) and (ii) because portfolio managers adapt the 

criteria for resource allocation in response to changing business conditions in order to 

maintain short-term financial performance (Daniel et al., 2014). Furthermore, research 

has shown that many improvements to the PPM process itself may not lead to 

improvements in IS PPM performance (Jeffery and Leliveld, 2004). However, 

resilience is also exhibited by other portfolio properties, such as culture, and there is 

little research looking at any form of resilience other than performance. 

3.7.3 Unpredictable 

In Section 2.3.4 it was shown that in a CAS, system-level properties are unpredictable 

because it can be hard to identify their cause and thus impossible to predict their 

emergence. While one of the goals of the application of modern portfolio theory to IS 

is to reduce uncertainty and unpredictability at the portfolio level. (Markowitz, 1952, 

McFarlan, 1981), the IS literature acknowledges this is challenging because of the 

strong correlations and subtle interdependencies between projects combined with the 

unpredictable environment (Angelou and Economides, 2008a, Hansen and 

Kræmmergaard, 2011, PMI, 2013).  The creation of unique couplings of projects or 

teams in response to market opportunities can result in higher than anticipated 

portfolio gains as exemplified by the iPod (Patanakul and Shenhar, 2012). 

Interdependencies can make it difficult to identify the exact cause of portfolio-level 

properties.  

In a CAS-based approach to IS PPM, because the cause of portfolio level properties 

may not be obvious, it may not be possible to predict their emergence. 
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The IS PPM literature acknowledges the unpredictable nature of portfolios (Angelou 

and Economides, 2008a) and there has been some limited study of the unpredictability 

of portfolio properties such as performance and risk (Angelou and Economides, 

2008a). For example, Jeffery and Leliveld (2004) demonstrate that it is difficult to 

predict portfolio performance by individual project performance. The literature also 

recognises that where strong correlations exist between the outcomes of different 

projects, there may be a level of structural risk that leaves the portfolio highly exposed 

to even small environmental variations (Hansen and Kræmmergaard, 2011, PMI, 

2013). The focus of much IS PPM research is on creating a portfolio that behaves 

predictably (Hansen and Kræmmergaard, 2014). However, in a CAS this may not be 

possible, and further research is required to help IS PPM cope with unpredictability.  

3.7.4 Path-dependent 

Section 2.3.4 shows that in CAS path-dependence means the system’s memory of its 

history shapes how it develops in the future. IS Portfolios have path-dependent 

properties. This arises where portfolio actors memories of past experiences become 

incorporated into practices, controls and rituals (Daniel et al., 2014). This means two 

portfolios with similar aims, but different histories will exhibit different properties.   

In a CAS-based approach to IS PPM path-dependence means that the properties of the 

IS portfolio are shaped by the portfolio agents’ memory of past events. 

The significance of path-dependence is well recognised in IS PPM (Martinsuo, 2013), 

where both its advantages and disadvantages have been examined. Path-dependence 

makes the imitation of strategic capabilities difficult (Daniel et al., 2014) and the 

memories of portfolio actors ensure that skills are retained, and lessons are learned 

from previous iterations of the portfolio (Levine, 2007). However, path-dependence 

also contributes to stakeholder perspectives and can explain resistance to change 

(Daniel et al., 2014). A well-known example of a catastrophic example of IS portfolio 

path-dependence is IBM. IBM’s portfolio was overly reliant on proven technologies 

and unwilling to respond to changes in the way people used computers. This left it 

vulnerable to disruption from competitors such as Microsoft (Burke and Shaw, 2008). 

Researchers have also examined how to cope with path-dependence in portfolios. A 

real options based approach to IS PPM enables the deferral of decisions to the last 
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possible moment, reducing the impact of those decisions on the future development of 

the portfolio (Bardhan et al., 2004). 

Table 3.7-1 System Level Properties in IS PPM 

Concept Properties Meaning in IS PPM Summary of Literature 

Portfolio-

Level 

properties 

are 

observable at 

the portfolio 

level that 

arise from 

the 

collaborative 

actions of 

portfolio 

actors but 

are not 

explicable by 

the 

behaviour of 

individual 

actors 

Attractor 

states 

Portfolio optimised around 

certain metrics that it returns 

to if perturbed. 

There has been little 

investigation as to how 

attractor states arise and how 

the portfolio may move to a 

more appropriate one. 

Resilient Portfolio has properties that 

are reasonably immune to 

changes among the agents that 

generate the portfolio 

properties. 

The existing focus is on 

performance and resilience of 

other properties require further 

research. 

Unpredictable Because the cause of portfolio 

level properties may not be 

obvious, it may not be possible 

to predict their emergence. 

Further research is required to 

help IS PPM cope with 

unpredictability. 

Path-

dependent 

The properties of the IS 

portfolio are shaped by the 

portfolio agents memory of 

past events. 

The advantages and 

disadvantages of path-

dependence are well studied in 

IS PPM. 

 

3.8 Operationalising Feedback Loops for IS PPM and Reviewing the Literature 

As explained in Section 2.3.5 feedback loops occur where a process is modified by 

its own results. In IS PPM feedback loops can result in agents learning from outcomes. 

This can lead to increased flexibility among portfolio actors, enabling appropriate 

responses to changing customer requirements (Stettina and Hörz, 2015).  

In a CAS-based approach to IS PPM, feedback loops occur when the portfolio 

outcomes modify the behaviours of those portfolio agents whose behaviour creates 

them. 

The importance of feedback loops is well understood in IS PPM, and they are 

considered crucial in a mature IS portfolio (Jeffery and Leliveld, 2004, De Reyck et 

al., 2005). Feedback is attributed to aligning projects with the goals of the portfolio 

and delivering better results more frequently (Dingsøyr and Moe, 2014, Stettina and 

Hörz, 2015). It also provides a means of corrective action when required (Archer and 

Ghasemzadeh, 2007). However, effective feedback has been identified as a problem 
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area in IS PPM, and greater research is required to understand how feedback loops can 

be managed (Frey and Buxmann, 2012, Lanzinner et al., 2008).  

3.8.1 Positive Feedback 

Section 2.3.5 explains how positive feedback occurs when the process being fed back 

takes places in the same direction as the initial change. For example, in IS PPM, an 

enthusiastic reaction to a beta release may result in additional resources being made 

available to a project, or an improvement in some portfolio quality encourages staff to 

continue and improve effective practices (Ross and Beck, 2008). The portfolio 

outcome drives an increase in the behaviours that create it. 

In a CAS-based approach to IS PPM, positive feedback loops occur when portfolio 

level outcomes result in an increase in the agent level behaviours that create them.  

Consistent with the general management literature, with its focus on control and 

negative feedback, there has been very little study of the role of positive feedback in 

IS PPM (Choi et al., 2001). Although there is some limited empirical evidence of the 

importance of positive feedback in IS PPM (Ross and Beck, 2008), there is insufficient 

study of its role in encouraging desirable behaviours and virtuous circles in IS PPM. 

3.8.2 Negative Feedback 

Section 2.3.5 explains how negative feedback occurs when the process being fed 

back takes places in the same direction as the initial change. IS PPM can contain 

intrinsic control mechanisms that are intended to reduce behaviours that create 

undesirable portfolio properties (Hansen and Kræmmergaard, 2014, Platje and Seidel, 

1993).  

In a CAS-based approach to IS PPM, negative feedback loops occur when portfolio 

level outcomes result in a reduction in the agent level behaviours that created them.  

Negative feedback is associated with control and accountability. The relationship 

importance of control in maintaining portfolio performance is well understood 

(Hansen and Kræmmergaard, 2012, Muller et al., 2008). However, consistent with a 

CAS approach, the dangers of excessive control are understood in IS PPM where it 

can lead to political or dysfunctional behaviour, requiring ever-increasing levels of 

negative feedback (Hansen and Kræmmergaard, 2014, Platje and Seidel, 1993). 
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Furthermore, tensions can exist between portfolio and project level controls making 

negative feedback difficult in IS PPM (O'Dwyer et al., 2014). Further research is 

required as to how negative feedback loops can be enacted in IS PPM. 

Table 3.8-1 Feedback Loops in IS PPM 

Concept Properties Meaning in IS PPM Summary of Literature 

Feedback loops 

occur when the 

portfolio results 

modify the 

behaviours of 

those portfolio 

agents whose 

behaviour 

creates them. 

Positive Occurs when portfolio level 

outcomes result in an increase in 

the agent level behaviours that 

create them. 

The role of positive feedback 

in encouraging desirable 

behaviours and virtuous circles 

has not been widely studied in 

IS PPM 

Negative Occurs when portfolio level 

outcomes result in a reduction in 

the agent level behaviours that 

created them. 

Further research is required as 

to how negative feedback 

loops can be enacted in IS 

PPM. 

 

3.9 Summary 

This chapter set out to (i) define IS PPM and identify its main components in the 

literature, (ii) operationalise the concepts and properties of CAS for IS PPM, and (iii) 

review the IS PPM literature through the lens of CAS.  

Section 3.2.2 defined IS PPM as   

the ongoing identification, selection, prioritisation and management of the 

complete set of an organisations information systems projects that share 

common resources to maximise returns to the organisation and achieve 

strategic business objectives.  

In Section 3.3, four main components of IS PPM were identified. They are (i) the 

identification, selection and prioritisation of projects, (ii) resource management, (iii) 

strategic alignment, and (iv) performance management.  

Sections 3.4 - 3.8 operationalised each of the CAS concepts and its properties. The 

operationalised conceptual framework of IS PPM as a CAS is illustrated in Figure 

3.9-1. The treatment of the operationalised concepts in the IS PPM literature was also 

appraised. The operationalised concepts and their treatment in the literature were 

summarised in Table 3.4-1 - Table 3.8-1. The literature review highlights how little 

the concepts of CAS have been addressed in IS PPM to date.  
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Figure 3.9-1 CAS operationalised for IS PPM 
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 Chapter 4: Research Methodology 

4.0 Introduction 

This chapter describes the methodology for collecting and analysing the empirical data 

required to address the third and fourth research objectives of the study. These research 

objectives were presented in Section 1.3. A research methodology refers to the overall 

approach of the research process from theory through to analysis (Hussey and Hussey, 

1997). Cooper and Schindler (2003) recommend that the researcher must parse the 

study into a set of clearly defined steps. This chapter outlines the steps adopted in this 

study and describes how each one was executed. Figure 4.0-1 illustrates the steps that 

were taken and how the chapter is structured. 

Following the development of research objectives in Section 1.3 and the identification 

of the most appropriate way to apply CAS in Section 2.2.4, a conceptual framework 

for CAS was developed in Section 2.3. This framework was used to critically appraise 

the IS PPM literature from the perspective of CAS (Chapter 3). The literature review 

is included in Figure 4.0-1 because, while it was conducted in Chapter 3, it addresses 

the first and second research objectives of the study. 

This rest of this chapter is laid out as follows. Section 4.1 discusses the philosophical 

assumptions underpinning the study. Section 4.2 discusses the research approach and 

positions this study as qualitative, exploratory and inductive. 

Sections 4.3 and 4.4 describe and justify the empirical methods chosen to address the 

third and fourth research objectives. The first empirical component of the research 

strategy involved eliciting and integrating the expert opinion of thirty experienced 

PPM practitioners and CAS academics to address the third research objective. Section 

4.3 justifies the use of expert interviews and explains how they are conducted. The 

second empirical component of the study is an illustrative case study chosen to address 

the fourth research objective. Section 4.4 justifies the use of the illustrative case study 

and presents a general overview of its conduct. 
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Figure 4.0-1 The Research Methodology for this Study 
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These sections also discuss how the data were collected in the study. They describe 

how both the expert interviews and case studies were conducted and the steps taken to 

ensure the reliability and validity of the data gathered. Section 4.5 outlines the 

techniques used to analyse and code the data collected. Section 4.6 summarises the 

chapter. 

4.1 The Philosophy of IS Research 

A research philosophy reflects a set of basic beliefs about the world (Collis and 

Hussey, 2013). A research philosophy is necessary as it has been argued that the 

alternative to philosophy is not “no philosophy” but “bad philosophy” (Collier, 1994). 

Therefore, a solid understanding of research philosophy is necessary to allow a 

researcher to confidently choose the appropriate research approach for a study 

(Dobson, 2001). A philosophical position is made up of ontological and 

epistemological assumptions. Ontology is “the assumptions that we make about the 

nature of reality”, and epistemology is a “general set of assumptions about the best 

ways of inquiring into the nature of the world” (Easterby-Smith et al., 1991).  

Historically information systems research has been underpinned by a positivist 

philosophy (Mingers, 2001). However, since the 1980s,  alternative approaches have 

emerged (Mumford et al., 1985). The main alternatives to positivism are interpretivism 

(Mingers, 2001) and critical realism (Bhaskar, 1978, Orlikowski and Baroudi, 1991, 

Mingers et al., 2013, Mingers, 2001).  These three philosophies dominate the IS 

literature  (Wynn Jr and Williams, 2012, Orlikowski and Baroudi, 1991). While some 

researchers take supremacist positions, each philosophy has both merits and 

weaknesses and may be appropriate in different circumstances. The appropriateness 

of each philosophy in light of the research objective of this study is now discussed, the 

choice of an interpretivist philosophy is justified, and the implications for the study 

are explained. 

4.1.1 Positivism 

Positivism in the social sciences has been based on the approaches used in the natural 

sciences (Collis and Hussey, 2013). Its application in social sciences has been traced 

to the work on “social physics” by Auguste Compte who argued that social phenomena 

could be studied in the same way as scientific or ‘natural’ phenomena (Remenyi, 

1998).  
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Positivism has a realist ontology. It assumes that the social world exists; separate to 

the individual, made of tangible structures. These structures can exist without our 

knowledge even if we have no names or concepts to articulate them. Positivists believe 

that there is a single “true” version of events, that the world is regular as opposed to 

random and that people are rational and predictable (Rubin and Rubin, 2012).  

From an epistemological perspective, positivism is concerned with the empirical 

testability of theories (Easterby-Smith et al., 1991). Positivists believe that they are 

impartial observers and can objectively evaluate and predict processes while 

remaining unaffected by the subject of research (Orlikowski and Baroudi, 1991, 

Hirschheim, 1985). This requires the researcher to remain neutral and conduct 

controlled experiments or analysis to find evidence to support or reject hypotheses. 

A positivist approach makes research relatively quick and easy to conduct, generalise 

and replicate and enjoys popularity within IS. However, it is not without its critics. 

For example, Benbasat et al. (1987) question the relevance of highly complicated 

mathematical techniques whose results are difficult to interpret. Others criticise the 

reductionism central to positivism as they argue that as an IS is part of organisational 

reality it cannot be studied in isolation and treating it as objective is too simplistic 

(Smithson and Hirschheim, 1998).  

The criticism of this reductionist approach is relevant to the study of complexity 

(Heylighen et al., 2006, Checkland, 1976) and to this study in particular. According to 

positivism, to understand a complex phenomenon, it must be reduced to its individual 

components. If these components remain complex, the analysis is taken further until 

eventually all that is left is elementary particles which it assumes comprise all 

phenomena, whether physical, biological, mental, or social. It is then assumed that if 

both the position of all these elements and the forces acting on them are known, it the 

future evolution of the system can be predicted with certainty. However, this approach 

fails to account for the unpredictability, path-dependence, and creativity associated 

with social systems that are characterised by complexity (Heylighen, 2001). 

Proponents of complexity theory reject the traditional positivist approach that applies 

linear deconstruction to complex phenomena with Holland (1992a) arguing that CAS 

can be seen as a response to reductionism and Byrne (1998) arguing that positivism is 
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obsolete as a means of studying complex systems. Positivism was not deemed 

appropriate for this study. 

4.1.2 Critical Realism 

Critical realism (Bhaskar, 1978) emerged in response to the challenges associated with 

maintaining a realist position in positivism (Mingers, 2004). It was adopted in the 

social sciences by authors such as Sayer (1992) and Archer et al. (2013). Critical 

realism is the focus of growing attention in IS with a recent Management Information 

Systems Quarterly special issue on critical realist methods (Mingers et al., 2013).  

Critical realism has a strongly realist ontology, believing that reality exists 

independent of our knowledge of it. However, it disagrees with positivism in that it 

does not believe it is possible to reduce the world to that which can be observed and 

measured. It also disagrees with the interpretivist position, as it does not accept that 

world can be reduced to what we know of it. Instead, it proposes that reality is both 

intransitive (existing independent of people) and stratified (Archer et al., 2013, p.41). 

These strata are the “real” (consisting of the structures that generate outcomes), the 

“actual” (consisting of the actual events and outcomes which may or may not be 

observable) and the “empirical” consisting of events that can be observed (Mingers et 

al., 2013).  

 

Figure 4.1-1 The ontology of critical realism (Zachariadis et al., 2013) 
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In terms of epistemology, critical realism sees knowledge as dependent on how reality 

manifests itself as opposed to how we perceive it. The critical philosophy emphasises 

the concept of totality in that elements cannot be examined and understood in isolation, 

and they exist only in the context of their relationships (Orlikowski and Baroudi, 1991, 

Chua, 1986). Furthermore, it accepts epistemic relativity, assuming that knowledge is 

always local and historical.  However, it rejects judgmental relativity and does not 

assume that all viewpoints are equally valid. Because it acknowledges the existence 

of different types of objects of knowledge, critical realism requires a range of different 

methods and methodologies to access them (Mingers et al., 2013).  

According to Byrne (1998), critical realism can be an appropriate philosophy for the 

study of complexity theory. Authors in IS have also noted similarities between 

complexity and critical realism (e.g. McKelvey, 1999b). Furthermore, this philosophy 

has been associated with systems thinking (Flood, 1990) to which CAS can be related. 

However, an objective of this study is the identification of new management practices, 

whereas most critical realist research is aimed at understanding a situation rather than 

bringing about change. While there have been calls to develop methods that translate 

knowledge of structures into corrective action (Wynn Jr and Williams, 2012, 

Danermark, 2002) previous research has failed to translate critical realist philosophy 

into research methods for practice development (Miller and Tsang, 2011). For these 

reasons, critical realism was not considered appropriate for this study.  

4.1.3 Interpretivism 

Interpretivism is a philosophy that requires the researcher to seek to understand the 

subjective reality and meaning of participants (Saunders et al., 2012). This philosophy 

emerged from the work of the 19th-century German philosopher Franz Brentano 

(Remenyi, 1998).  

Interpretivism is motivated by the ontological assumption that social reality is 

produced by human beings through their actions and reactions (Walsham, 1993). It 

does not believe that organisations exist separate from people or that they can be 

perceived objectively. Reality can only be assessed through more social constructs 

such as communication and shared meaning. Knowledge is gained through 

understanding these social constructions. The belief that reality is not fixed but subject 
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to constant change is summarised by the ancient Greek philosopher Heraclitus who 

argued that it is not possible to step into the same river twice. 

From an epistemological perspective, interpretive methods are characterised by a deep 

immersion in what is happening and a rejection of preselected hypotheses (Kaplan and 

Duchon, 1988). Interpretivism seeks to gain a deep understanding of the phenomenon 

being examined by focusing on its context within the natural environment and makes 

no attempt to generalise to a specific population (Orlikowski and Baroudi, 1991). 

Instead, it helps researchers understand how people act in social circumstances (Klein 

and Myers, 2001). While it is difficult to replicate an interpretive study, similar 

findings may be found that will support an emerging theory providing the data used is 

available for scrutiny and the research process is clear (Weber, 2004). Interpretive 

approaches are particularly effective in the study of shared meanings held by groups 

(Gubrium and Holstein, 1997).  

4.1.4 Philosophical approach underpinning this Study 

An interpretivist stance has been chosen for this study. The reasons for choosing 

interpretivism arise not just because from the weaknesses associated with positivism 

or critical realism in addressing the research objectives for this study but also from the 

strengths of the interpretive approach. Interpretivism is well established in IS where 

its’ criticism of a stable reality is valid. For example, in IS the very act of installing a 

system changes the situation in which is installed (Antill, 1985).  

There are other compelling reasons to use interpretivism in this study. Firstly, a 

fundamental principle of interpretive research is that all understanding is achieved by 

iterating between the interdependent parts and the whole they form (Klein and Myers, 

1999). This is particularly relevant when studying complex adaptive systems that 

emerge from the interactions between connected agents2. Secondly, the application of 

existing knowledge (CAS) to a new domain (IS PPM) requires interpretation. 

Concepts cannot be dropped from one domain into another without some attempt to 

interpret the consequences of the differing contexts. Thirdly, Anderson (1999) argues 

                                                 

 

2 The full set of Klein and Myers principles for conducting interpretive research are presented below 



75 
 

that complexity theory allows interpretivist researchers clear ways to describe the 

meanings that actors, in a specific complex situation, construct together. Fourthly, IS 

PPM exists in a real-world context. The interpretivist philosophy acknowledges that 

IS PPM is enacted by people with different values and expectations. People have 

different frames of interpretation which act as filters, enabling people to perceive some 

things and ignore others (Melão and Pidd, 2000). Finally, portfolio outcomes are more 

likely to be better understood through the understanding of the people involved in the 

process than by an analysis of the structures or artefacts within the portfolio. A CAS 

approach that focuses on the portfolio actors and how they interact is consistent with 

the interpretivist stream of IS PPM research (Hansen and Kræmmergaard, 2014).  

4.1.5 The Implications of Interpretivism for this Study  

One of the most commonly cited guides on how to conduct interpretive research 

rigorously is the work of Klein and Myers (1999). Where appropriate, their seven 

interdependent principles (Table 4.1-1) will inform the collection and analysis of data 

for this study. For example, the principles of multiple interpretations and suspicion 

were applied when interpreting data from participants with very strong opinions but 

weaker understandings of complex phenomena. This is highlighted in the reflection 

on the illustrative case study in Section 6.1.  

It should be noted that both Klein and Myers (1999) themselves and Walsham (2006) 

counsel that researchers should not mistake process with outcome and that it is more 

important to present interesting results than adhere to a set of principles.  
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Table 4.1-1 Principles of Interpretive Research (Klein and Myers, 1999) 

Principle Explanation 

The Fundamental 

Principle of the 

Hermeneutic Circle  

 

This principle suggests that all human understanding is achieved by 

iterating between considering the interdependent meaning of parts and 

the whole that they form. This principle of human understanding is 

fundamental to all other principles.  

The Principle of 

Contextualisation 

 

Requires critical reflection of the social and historical background of the 

research setting, so that the intended audience can see how the current 

situation under investigation emerged.  

The Principle of 

Interaction Between 

the Researchers and 

the Subjects 

Requires critical reflection on how the research materials (or “data”) 

were socially constructed through the interaction between the 

researchers and participants.  

The Principle of 

Abstraction and 

Generalisation  

 

Requires relating the ideographic details revealed by the data 

interpretation through the application of principles one and two to 

theoretical, general concepts that describe the nature of human 

understanding and social action.  

The Principle of 

Dialogical Reasoning 

 

Requires sensitivity to possible contradictions between the theoretical 

preconceptions guiding the research design and actual findings (“the 

story which the data tell”) with subsequent cycles of revision. 

The Principle of 

Multiple 

Interpretations  

 

Requires sensitivity to possible differences in interpretations among the 

participants as are typically expressed in multiple narratives or stories of 

the same sequence of events under study. Similar to multiple accounts 

even if all tell as they saw it.  

The Principle of 

Suspicion  

 

Requires sensitivity to possible “biases” and systematic “distortions” in 

the narratives collected from the participants.  

 

 

4.2 Research Approach 

According to Collis and Hussey (2013), the research approach consists of process, 

purpose, and logic. Each aspect of the research approach for this study are discussed 

below   

4.2.1 Qualitative v. Quantitative 

The research process can be either quantitative or qualitative. Some consider 

quantitative research to be more scientific than qualitative research which is seen as 

“soft” (Yin, 2009 p. 33). While there are advantages and disadvantages to the different 

approaches (Table 4.2-1), both are useful when conducted rigorously. Both 

approaches are now compared, and the reasons for choosing a qualitative approach are 

presented. 
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Quantitative research has its roots in the natural sciences and is often closely 

associated with positivist research. This approach is widely used in social sciences and 

has traditionally dominated IS research (Straub, 1989, Orlikowski and Baroudi, 1991, 

Chen and Hirschheim, 2004). Measurement is central to this approach relying on 

formality, mathematics, and statistics to establish correlations between variables 

(Blumer, 1969).  Examples of quantitative methods are surveys, lab experiments and 

numerical methods (Myers, 2013). However, it lacks suitability to study complex 

socio-technical systems where phenomena emerge from interactions of multiple 

individuals, or agents, whose different understandings of what the different concepts 

mean make objective measurement difficult (Byrne, 1998). This is important in this 

study as IS PPM can be considered a socio-technical phenomenon (Daniel et al., 2014, 

Elbanna, 2010).  

The qualitative approach is traditionally associated with non-positivist (e.g. 

interpretivist) forms of research and has been dismissed by some as non-quantitative 

and little more (Silverman, 2015). However, the qualitative research approach cuts 

across research paradigms and the choice of a specific qualitative research method is 

independent of the underlying philosophical position adopted (Myers, 1997). This is 

exemplified by Miles et al. (2013) who declare a positivist philosophical orientation 

while writing about qualitative data analysis. Furthermore, the value of qualitative 

methods has been recognised for a long time in IS (Chen and Hirschheim, 2004, 

Kaplan and Duchon, 1988, Benbasat et al., 1987). Qualitative methods are a set of 

techniques that seek to describe the meaning of phenomena in the social world (Van 

Maanen, 1979). These methods emerged from the social sciences to help researchers 

study phenomenon in their ‘natural’ context (Myers, 2013).   
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Table 4.2-1 The advantages and disadvantages of quantitative and qualitative 

methods 

Qualitative Quantitative 

Advantages 

Particularly appropriate way to research an 

area where few previous studies have been 

carried out (Lee, 1989, Yin, 2009). 

Clear criteria exist for conducting quantitative 

research (Kaplan and Maxwell, 2005). 

Facilitates the study of complex relationships 

and the identification of variables (Corbin and 

Strauss, 2008) 

Mechanisms that are easier to replicate allowing 

the verification of research (Galliers, 1992). 

Provides rich data to understand why and how 

things happen (Wynn Jr and Williams, 2012) 

Is appropriate where a research instrument 

generates statistical data that can be generalised 

to a population (Creswell, 2013, Myers, 2013).  

 Facilitates the comparison of data (Patton, 1990) 

Disadvantages 

Hard to replicate (Jick, 1979) Some researchers argue that it fails to 

comprehend the importance of meaning in social 

life (Silverman, 2015). 

It may be inappropriate to generalise findings 

to a large population in the way survey, for 

example, could be generalised (Myers, 2013). 

Some scholars, e.g., Kaplan and Duchon (1988) 

argue that the presence of so many 

uncontrollable variables make it difficult to apply 

the quantitative approach to social systems. 

Qualitative methods can be more time 

consuming, resulting in the use of smaller 

sample sizes.  

Assumes that the properties we are studying are 

easily quantifiable with large samples available 

for testing (Patton, 1990). 

Qualitative research is extremely dependent on 

the skills of the researcher, and great care must 

be taken to avoid bias or misinterpretation 

when analysing data 

Quantification, where the underlying behaviour 

is not well understood, does not provide 

meaningful results (Malhotra, 2008) 

 

A qualitative approach has been selected for this study. The reasons for this decision 

are now explained. Firstly, qualitative methods are capable of describing phenomena, 

constructing propositions and identifying structured interactions between complex 

mechanisms (Mingers et al., 2013). Secondly, researchers argue that quantitative 

methods fail to comprehend the importance of meaning in social life. This is because 

the quantitative research approach does not consider the difference between natural 

and social systems (Silverman, 2015). This is a particular problem when applying CAS 

to social systems (Stacey, 2010). Furthermore, some scholars, e.g. Kaplan and Duchon 

(1988) argue that the presence of so many uncontrollable variables make it difficult to 

apply the quantitative approach to social systems as many of the social and contextual 

factors present in groups are not considered part of quantitative study (Myers, 2013). 
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Thirdly, as Section 1.2 shows, there is a lack of theoretically rigorous research into the 

phenomenon of IS PPM, justifying the qualitative approach. In addition, the 

application of CAS to IS PPM is new. It is, therefore, appropriate to seek an 

understanding of the complexity of IS PPM from empirical evidence rather than the 

simple testing of hypotheses. Fourthly, the practices, principles and outcomes of IS 

PPM are qualitative properties and can be better understood through words and the 

meanings people ascribe to them rather than through measurement. It is more useful 

to describe and explain the practices that occur than to simply count them. 

4.2.2 Exploratory v. Explanatory 

The purpose of any research can be exploratory or explanatory. This section describes 

both approaches and justifies the choice of an exploratory approach in this study. 

Explanatory research focuses on studying a situation or a problem to explain how and 

why things happen. (Saunders et al., 2012, Collis and Hussey, 2013). According to 

Collis and Hussey (2013), the aim is to understand the phenomenon by discovering 

and measuring causal relationships. Indeed, explanatory studies were traditionally 

associated with a positivist, quantitative approach that allows the control of variables 

(Silverman, 2015). However, some authors argue that this view is mistaken (Miles et 

al., 2013, Yin, 2009). They argue that cause can only be understood through 

operational links, not frequencies and incidences (Yin, 2009).  

Exploratory research is considered appropriate where few previous studies have been 

conducted, and it focuses on gaining familiarity with the area to facilitate more 

rigorous study later (Collis and Hussey, 2013). It seeks to find out what is happening, 

seek new insights, ask questions and access the phenomena in a new light (Robson, 

2002). An exploratory approach is deemed particularly suitable in areas where “little 

work has been done…and little is known about the phenomenon” (Patton, 1990). 

This research is considered exploratory. Given that there has been little study into 

complexity in IS PPM and the research around IS PPM in general lacks cohesion, an 

exploratory approach is deemed suitable. This research is not seeking to understand 

the causes of complexity in IS PPM, but rather access the phenomenon in a new light 

and develop new insights into how the concepts of CAS can enable IS PPM. 

Exploratory research is more than a “fumble in the dark”. Instead rationale underpins 

such studies. Indeed, following the dialogical principle (Table 4.1-1), interpretive 
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research starts with a framework or a set of preconceptions that can change as 

understanding comes from the data. Consistent with this approach, this study uses a 

CAS framework, developed in Chapter 2 and operationalised in Chapter 3 to examine 

IS PPM. 

4.2.3 Induction v. Deduction 

The logic of the research refers to the form of reasoning used to arrive at the research 

conclusions. Reasoning is normally either inductive or deductive. Both these concepts 

are discussed, and the choice of an inductive approach is justified. 

Deduction is a “top-down” method of reasoning. It is often associated with theory 

testing and is the dominant approach in the natural sciences (Saunders et al., 2012). A 

conceptual and theoretical structure is developed and tested by experimental 

observation, allowing the deduction of particular instances from general observation. 

Hence, deduction is described as moving from the general to the particular (Collis and 

Hussey, 2013). If all the terms are clear and the rules of deductive logic are followed, 

then the conclusion must be correct. However, deduction is closely associated with the 

language of mathematics and variables are usually operationalised in a way that allows 

facts be measured quantitatively (Saunders et al., 2012). While qualitative analysis can 

support deductive reasoning (Myers, 1997), there are few guidelines for “protection 

against self-delusion” (Miles, 1979).  

Induction is a “bottom-up” approach, where theory is developed from observation. 

General inferences are induced from particular inferences, moving from the specific 

to the general (Collis and Hussey, 2013). The conclusion of inductive reasoning is 

merely a hypothesis or a proposition, as it involves an inferential jump beyond the 

evidence presented (Cooper and Schindler, 2003). David Hume questioned whether 

induction actually leads to new knowledge, arguing that with induction there is no 

certainty that a description of observed occurrences is true of unobserved occurrences 

(Danermark, 2002). However, others such as Popper (1963) suggest that in reality 

theory can never be verified fully, only falsified. While inductive reasoning cannot 

lead to a verified theory, Bacon and Mill argue that if a generalisation holds true in a 

large number of cases and has not been negatively instantiated in any, then it is more 

likely that the generalisation holds true in a wide number of circumstances. Therefore, 
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the validity of an inference is increased (Cohen, 1972). This is known as induction by 

simple enumeration.  

Induction is appropriate for this study as it both supports exploratory qualitative 

research and the interpretive principle of multiple interpretations (Klein and Myers, 

1999), facilitating the generation of multiple explanations for a phenomenon. This is 

in contrast to deduction which can only allow a single explanation (Saunders et al., 

2012). By invoking the principle of induction by simple enumeration and drawing on 

the experience of a large panel of experts in the empirical research, this study is likely 

to produce findings that would be instantiated in a wider population. However, such 

findings require rigorous testing. This testing is recommended as part the future 

research agenda for IS PPM discussed in Section 8.5.  

4.3 Expert Interviews with Practitioners and CAS Academics 

Expert interviews are commonly used in social research (Bogner et al., 2009). 

However, despite widespread use, little methodological consideration is given to its 

conduct (Meuser and Nagel, 2010). Thus, it is necessary to outline the justification for 

the use of this method, how many experts are required and how they are chosen and 

describe how the knowledge from different types of experts is elicited and synthesised.  

4.3.1 Justification for the Use of Expert Interviews 

The Reasons to Use Experts 

The reasons both why experts were used as the primary source of data and why both 

expert practitioners of IS PPM and academic experts with knowledge of CAS were 

required are now discussed. 

Firstly, expert judgement is usually sought when experimental data are lacking (Meyer 

and Booker, 2001, Ortiz et al., 1991). This is the case in this exploratory study, 

conducted in an area where there has been little experimental work carried out to date. 

The elicitation of expert opinion allows the researcher to “determine what is known, 

what is not known and what is worth knowing about a field” (Ortiz et al., 1991). This 

study needs to understand the current state of both what is known about CAS and what 

is unknown about IS PPM. 
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Secondly, experts have a high degree of knowledge in a specific area (Flick, 2015). 

This enables the researcher to focus on a relatively small number of key informants 

(Spradley, 1979) likely to provide high-quality information and insights on a particular 

topic in a relatively short period of time. In contrast, the use of non-experts would be 

expensive and time-consuming (Marshall, 1996). Experts provide the researcher with 

an efficient and concentrated means of accessing knowledge that may not exist 

elsewhere or is difficult to access by other methods, e.g. tacit knowledge (Van 

Audenhove, 2007, Meuser and Nagel, 2010, Bogner et al., 2009, Baker et al., 2012). 

This can be particularly effective when drawing knowledge from a niche discipline 

such as CAS whose intricacies are not widely understood. For example, Pathak et al. 

(2007) solicit expert opinion from complexity scholars on how to apply CAS to supply 

networks.  

Thirdly, experts are considered particularly effective at reinterpreting existing 

knowledge in a new domain (Ortiz et al., 1991) as their experience helps them 

overcome bias and avoid misconceptions (Rush and Roy, 2001, Brown and Clement, 

1989). Analogical reasoning requires the transfer of knowledge from one domain to 

another. Experts facilitate knowledge transfer because their high degree of aggregated 

knowledge (Van Audenhove, 2007) enables them to recognise connections and 

patterns (Benner and Tanner, 1987). Indeed, research has found that experts have a 

better understanding of complex systems and can integrate their structural, functional 

and behavioural elements (Hmelo-Silver and Pfeffer, 2004). This means that expert 

practitioners of IS PPM are most likely to be able to integrate CAS concepts into IS 

PPM. 

Fourthly, the use of multiple experts is consistent with Klein and Meyers’ (1999) 

principles of multiple interpretations and suspicion. Rather than assuming all opinions 

are equal, weight can be applied to opinions based on the specific expertise of the 

interviewee. Furthermore, experts are considered particularly effective for 

triangulating between data to determine which interpretation is most appropriate (Van 

Audenhove, 2007). While it is up to the researcher to interpret and analyse the data, 

one individual’s interpretation can be tested in subsequent interviews with experts 

holding more specific domain knowledge. This is useful in this study because of the 

abstruse nature of the concepts of CAS. For example, an IS PPM practitioner might 
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identify what they regard as an interesting example of emergence. However, an 

academic expert in CAS might dispute whether the phenomena really was emergent. 

Finally, and appropriately for a study seeking to identify IS PPM practices, experts 

provide valuable and reliable information on how to solve problems (Meyer and 

Booker, 2001). Experts can help collate the existing somewhat incoherent knowledge 

of CAS and combine it with practitioners experiential knowledge of how IS portfolios 

are managed in practice to identify CAS based IS PPM practices. Therefore, it was 

considered appropriate to engage with both CAS and IS PPM experts. 

The Interview as the Method of Data Collection 

Elicitation is the process of accessing expert opinion through specially designed 

communication. While a wide range of qualitative techniques exists, for example, 

ethnography, they can be impractical to use when attempting to elicit knowledge from 

experts scattered around the world. Meyer and Booker (2001) recommend three basic 

qualitative methods suitable for expert elicitation: individual interviews, interactive 

groups and Delphi studies.  

The interactive group method was eliminated on the grounds of practicality. Firstly, it 

would not have been possible to bring together a large group of experts in one place. 

Secondly, even if it was possible, it is unlikely that experts, especially the practitioners, 

would feel able to speak freely about their own organisations in an interactive group. 

Thirdly, interactive groups, like focus groups, suffer from problems such as individual 

dominance  (Gupta and Clarke, 1996). The Delphi study was also deemed unsuitable. 

This method is designed to achieve consensus around single value predictions (Dalkey 

and Helmer, 1963), whereas this study is seeking to identify multiple potential 

practices to help manage complex IS portfolios. Time and budget restrictions on the 

study also make the conduct of iterative rounds of data collection impractical. 

Furthermore, despite its maturity, Landeta (2006) questions the rigour of the Delphi 

study. 

The individual interview was deemed most appropriate for this study. Interviews can 

gather valid data valid to research objectives. The reasons for choosing the research 

interview are now outlined. Firstly, the interview allows the expert to provide detailed 

data without distraction or influence by other experts (Meyer and Booker, 2001). 

Secondly, interviews can also provide more accurate information as the interviewer 
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can explain the questions to the participant (Oppenheim, 1992). This is particularly 

important when dealing with difficult to understand concepts like emergent system-

level properties, of which the participant may have little theoretical knowledge about. 

Thirdly, expert interviews are advantageous compared with other qualitative 

approaches such as case studies, as they facilitate the use of multiple sites for data 

collection. This is appropriate when the objective is to generate rich insights in an 

exploratory study such as this. Furthermore, access to a wide number of sites supports 

the reliability of findings through simple enumeration (Cohen, 1972). Finally, the 

study’s use of interviews allows the researcher to document multiple viewpoints and 

confront contradictions between them (Klein and Myers, 1999). It also focuses on 

what people actually mean as opposed to what they say (Yin, 2009), while 

simultaneously overcoming problems associated with interactive groups, for example, 

individual dominance  (Gupta and Clarke, 1996). 

4.3.2 Combining Explorative and Systematizing Interviews to Access the Knowledge 

of Different Types of Experts 

Because this study is applying analogical reasoning to transfer knowledge from the 

domain of CAS to IS PPM, it is necessary to target the knowledge of two separate 

groups of experts and combine them. Potential practices are identified by CAS 

academic experts and are then contextualised and operationalised by IS PPM 

practitioners. This is challenging because the expertise not only resides in different 

domains but also because the academics and practitioners have different types of 

knowledge. The academic knowledge is often of a more theoretical nature whereas 

practitioners have real-world experiential knowledge. Furthermore, there are 

fundamental differences between how an academic expert and a “normal” participant 

such as a practitioner approach an interview. The academic expert is likely to see the 

interview as an exercise in the “co-construction of meaning” whereas the practitioner 

may see it as the role of the interviewer to “extract” meaning (Bryman and Cassell, 

2006). To access and combine the knowledge from two different groups, two slightly 

different interview approaches are used in parallel, enabling triangulation and 

corroboration between the two groups (Bogner and Menz, 2009).  

The explorative expert interview was considered appropriate to access the knowledge 

of academic experts as to how a CAS may be managed. According to Bogner and 
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Menz (2009), explorative expert interviews are useful in providing orientation in a 

new field and tend to have more open-ended questions to allow the expert provide 

insights that the researcher may not have understood. These interviews focus on 

identifying potential practices from the CAS domain that could be applied to IS PPM. 

Explorative interviews are also useful in refining the research instrument used with 

other interview groups. 

In contrast, the systematising expert interview (Bogner et al., 2009) is used to access 

the knowledge of the IS PPM expert practitioner. The systematising expert interview 

serves to reconstruct the expert’s exclusive experiential and professional knowledge 

of the field that has been derived from practice (Bogner et al., 2009). It is particularly 

useful in proving context information to complement data from other groups (in this 

case that of the academic CAS experts). Its questions are more focused with a greater 

use of probes and prompts. This approach is to ascertain if the CAS based practices 

will work in IS PPM.  

Both sets of interviews are carried out in parallel, allowing triangulation and 

corroboration between the groups. The two approaches are combined in a responsive 

approach characterised by a flexible design (Rubin and Rubin, 2012). As illustrated in 

Figure 4.3-1, the two sets of interviews are intertwined, with the researcher making 

subtle changes to the follow-up questions based on data provided by both groups to 

contextualise and corroborate data provided. The analysis of the expert interviews is 

described in Section 4.5. However, as soon as each interview was finished, a 

preliminary analysis was conducted, identifying high-level CAS based practices in the 

academic data and IS PPM practices to support them in the practitioner data. These 

practices were added as prompts to subsequent interviews. However, because of the 

potential of the more explorative academic interviews to provide insights that could 

have implications for subsequent data collection, a number of the academic interviews 

were held first. The remaining interviews were mixed allowing the researcher to add 

prompts and follow up questions based on what was learned from previous interviews. 

This also allowed the researcher to seek verification from the academic experts as to 

the consistency of the practitioner data with CAS. To maintain rigour a diary of the 

changes to interview prompts and probes as well as exactly what questions were asked 

of which interviewees was kept. 
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Figure 4.3-1 Combining Explorative and Systematizing Interviews 

4.3.3 Developing the Interview Protocol 

The interview protocol or guide lists the questions or issues that are to be explored 

during the interview. This guide ensures that the same basic lines of enquiry are 

repeated with each participant and enables the researcher to make the best use of the 

limited time available with the participant. However the questions are non-

standardised and the order they are asked in may vary from interview to interview 

(Patton, 1990). The interview guide consists of four main sections with suggested 

timings also added. The first section introduces the researcher and the study to 

“establish a line of communications that will elicit stories”. The second part covers the 

background questions asked to capture details about the experts themselves. The third 

part of the interview protocol is the most important and consists of the questions 

arising from the conceptual framework for CAS designed to capture the data necessary 

to address the third research objective of this study. The development of this section 

of the guide and the differences between the explorative and systematising interviews 

are discussed in more detail below. The fourth section is straightforward and consists 

of closing remarks and an opportunity for the participant to add anything they feel they 

have omitted in the interview.  

An initial set of questions was developed using the pyramid model (Wengraf, 2001) 

shown in Figure 4.3-2. Under the pyramid model, the central research question is the 

objective which the researcher is seeking to address by conducting the interviews. 

Theory questions (TQ) are high-level questions that arise from the conceptual 

framework. These theory questions are not asked in the interview but are used to 

formulate the interview questions (IQ) and interview interventions (II). Interview 

questions are the questions posed to the expert. In this study, theory questions or 
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interview areas arise from the main concepts in the CAS framework operationalised 

for PPM.  

 

Figure 4.3-2 The Pyramid Model 

There are two main differences between the explorative and systematising interview 

guides. These differences relate to what questions are asked and how structured these 

questions are. These differences are now explained. 

The explorative academic interview questions come from a very basic topic list 

derived from the conceptual framework (Bogner et al., 2009). However, the questions 

are phrased in a way that lets the respondent provide their own expertise. This type of 

interview is targeted specifically at the knowledge of the individual (Bogner et al., 

2009) and questions can be tailored according to the expertise of the interviewee (Van 

Audenhove, 2007). While both interview approaches take a semi-structured approach 

(Bryman and Cassell, 2006, Bogner et al., 2009), the explorative interview questions 

are more open-ended. There are several reasons for this. Firstly, the purpose of the 

explorative expert interview is to provide orientation in the field and allow for the 

better structuring of the project (Bogner et al., 2009). Secondly, a more open-ended 

approach allows the researcher to explore, in general, an area of interest (Saunders et 

al., 2012). Thirdly, because each explorative interview does not need to be 

comparable, the open-ended approach gives the researcher and the respondent the 

flexibility to cover areas that may not have been considered important in advance by 

the researcher or to probe inconsistencies in the data provided by other experts.  



88 
 

In contrast, the systematising interview with its focus on the full and systematic 

disclosure of information requires a more detailed topic list (Bogner et al., 2009). For 

each interview to be comparable and aggregated, each interview must follow the same 

trajectory (Van Audenhove, 2007). So while the explorative academic interview 

protocol was limited to general question areas, the systematising practitioner 

interviews required more specific questions. Furthermore, the prompts for the 

systematising interviews were refined as more and more interviews were completed 

The questions were refined with the help of an external expert (Meyer and Booker, 

2001). Question refinement accounts for human cognitive limitations and facilitates 

the creation of questions that experts can easily assimilate. This involves presenting 

background information, breaking questions into more easily understood parts and 

considering the wording of the questions in terms of clarity and bias (Meyer and 

Booker, 2001). The advisory expert was able to help determine if the questions are 

answerable, how much diversity of opinion was there likely to be and whether the 

questions could be answered in a specific period of time. It should be noted that this 

external expert was not a member of the sample subsequently interviewed.  

The different sections of the interview guide and the differences between the 

systematising and explorative interviews are summarised in Table 4.3-1, and the 

interview protocols for the explorative and systematising interviews are presented in 

Appendix A and  
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Appendix B respectively. 

Table 4.3-1 Overview of the Interview Guides 

Section Explorative Interview Systematizing Interview 

1 Introduction to researcher and study Introduction to researcher and study 

2 Collect demographic information Collect demographic information 

3 Broad explorative questions aimed to 

identify CAS based practices that 

might be applicable in IS PPM 

More focused questions aimed at identifying 

specific IS PPM practices based on CAS 

practices identified in explorative interviews 

4 Opportunity to discuss anything else 

the participant feels relevant 

Opportunity to discuss anything else the 

participant feels relevant 

 

4.3.4 The Number of Participants 

The purpose of qualitative interpretive research is to develop a deeper understanding 

of the phenomenon that can be used to inform other settings (Orlikowski and Baroudi, 

1991). Interviews cannot be used to make statistical generalisations (Myers, 2013). 

The validity of qualitative inquiry has more to do with the richness of the cases 

selected and the capabilities of the researcher than the sample size (Patton, 1990). 

Rather than selecting a statistical sample, qualitative inquiry focuses on smaller 

samples, selected purposefully to identify participants capable of answering the 

questions being asked (Myers, 2013, Patton, 1990). 

While the sample size is determined by what is needed to be learned, what is credible 

and how much time is available (Patton, 1990), there needs to be a point at which data 

collection stops. According to Lincoln and Guba (1985) sampling is terminated when 

no new information is coming forth from newly sampled units. This is known as 

saturation. However, expert interviews may have to be scheduled well in advance to 

guarantee access to busy participants. Therefore it is necessary to have a broad idea of 

how many interviews are likely to be enough before commencing data collection. The 

literature offers only broad guidelines as to how to what size of sample is required. 

However, there are some guidelines on choosing an initial sample size. For example, 

Kumar (1987) argues that a sample size of between 15 and 35 key participants should 

be sufficient, Eisenhardt (1989) suggests that saturation occurs after about a dozen or 

so observations, and (Baker et al., 2012) use an expert study to arrive at a figure of 14. 

However, the literature advises that such a sample is only sufficient for a homogenous 

group. A heterogeneous group comprising different types of expert requires between 
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10 and 15 of each type of expert (Delbecq et al., 1975, Okoli and Pawlowski, 2004).  

Therefore an initial sample size of 30 was chosen to commence fieldwork. This figure 

was chosen because the use of academic as well as practitioner experts makes the 

sample heterogeneous. According to Okoli and Pawlowski (2004), academics and 

practitioners are likely to have different perspectives and should be considered as 

heterogeneous. Furthermore, it was intended that approximately half of the 

interviewees would come from each type of expert. This equal split between 

academics and practitioners is in line with other studies that have solicited expert 

opinion, both within IS (e.g. Conboy and Fitzgerald, 2010, Viehland and Hughes, 

2002, Holsapple and Joshi, 2002) and without (Hughes et al., 2008). While it was 

intended that the sample size could be increased if new themes were still emerging 

after the 30 interviews had been conducted, this did not prove necessary. 

4.3.5 Identifying Expert Participants 

An expert is someone especially knowledgeable in a topic at the granularity of detail 

being elicited.  For an expert to be of use to a research study, they need to be skilful, 

articulate and willing to participate (Meyer and Booker, 2001). According to Meyer 

and Booker (2001), it is important that a diversity of experts, likely to approach the 

problem from different perspectives, is chosen. While there is little evidence that 

participants from the same or similar organisations provide similar data, increased 

representativeness can improve the credibility of the research. Furthermore, multiple 

viewpoints help groups overcome a tendency to anchor to a single conservative group 

point. Where there is a large potential pool of experts available (as is the case for this 

study), the experts are selected against some criteria. The rationale behind identifying 

the experts is now explained. 

According to Meyer and Booker (2001), most selection schemes are based on experts 

selecting experts. This is what Patton (1990) described as a snowballing strategy where 

further participants are obtained from “people who know people who know people who 

know what cases are information-rich, that is, good examples for study, good 

interview subjects”. However, when using a snowballing strategy, care must be taken 

to maintain diversity and quality. This is because experts can often nominate only 

people whose views they share (Meyer and Booker, 2001) or who may not have 

sufficient expertise at all. To avoid this, minimum selection criteria, based on the 

literature for expert studies (Brown, 1968, Meyer and Booker, 2001) were adopted. 
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This study uses  the process for identifying experts developed by Okoli and Pawlowski 

(2004),  illustrated in Figure 4.3-3 

A knowledge research nomination worksheet (KNRW) was prepared, by identifying 

relevant skills, organisations and relevant academic literature. It was then populated 

with names. These people were then asked to nominate additional experts. This sheet 

identified a pool of participants with the necessary skills and experience in either IS 

PPM or academia to be considered an expert. Each of these people was contacted and 

asked to nominate additional people. The skills and background required for the 

experts along with the basis for evaluation are shown in Figure 4.3-4. Also, criteria to 

ensure diversity amongst the sample were added.  

 

 

Figure 4.3-3 Procedure for selecting participants (Okoli and Pawlowski, 2004) 

The final list of potential experts was ranked in order of expertise and invited to 

participate in the study. When the participation of a sufficient number of experts, 

discussed in Section 4.3.3, had been secured, invitations ceased. 
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Figure 4.3-4 Classification of Experts 

4.3.6 Motivating Experts to Participate 

Because the experts were identified methodologically, it was important to secure a 

high degree of participation to ensure the validity of the study. Theories on 

interviewing predict that securing participation depends on maximising the aspects of 

the study that experts consider motivating and minimising the aspects they find 

inhibiting (Gorden, 1969). Meyer and Booker (2001) suggest that experts are 

motivated by the opportunity to contribute to their field and to achieve recognition. 

Furthermore, they are more likely to participate if they have some control over the 

elicitation process and they believe that the project will be a success. 

Great care was taken in drafting the invitation sent to the experts. The initial 

communication was brief and conveyed the purpose of the manner in a concise manner 

(Oppenheim, 1992). The communication was also designed to highlight the benefits 

accruing from participation and to address potential concerns that participants might 

have such as what level of time commitment was required. It also emphasised that the 

expert had been specifically chosen as a result of their expertise to make them feel like 

an important part of the project (Salkind and Rainwater, 2003). While the 

communication was individually tailored to suit each expert being used, the main 

template (including a summary of the project and the conceptual framework) is 

presented in Appendix C. 
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4.3.7 The Pilot Study 

Once the interview script had been developed, a pilot study was arranged involving 

two IS PPM practitioners and two academic experts. According to Benbasat et al. 

(1987), the pilot study confirms the appropriateness of the study’s unit of analysis and 

familiarises the researcher with the subject under investigation. Furthermore, the pilot 

study acted as a further round of checks on the clarity of the questions and the timings 

in the interview. 

The characteristics of the participants involved in the pilot study are captured in Table 

4.3-2. 

Table 4.3-2 Characteristics of Pilot Study Participants 

Area of Expertise Job Title Experience 

Information 

Technology and 

Complex Systems 

Lecturer and Project Leader 

in complex systems 

simulation group 

Lecturer in information technology 

with a research interest in simulating 

complex systems 

Complex Adaptive 

Systems and Software 

development 

Senior Lecturer and Principal 

Investigator with CAS 

Research group 

Modelling of complex adaptive 

systems in nature 

IS PPM IT Director Responsible for implantation of IS 

solutions in medium-sized private 

enterprise 

IS PPM Software Architect Responsible for software architecture 

across a portfolio of projects in a 

multinational corporation 

 

The pilot interviews were recorded with the consent of each participant. This allowed 

the researcher to fully review the interviews and to identify areas for improvement. 

Arising from the pilot the following changes were made: 

 A glossary was created and added to the interview protocol. This was 

circulated to participants in advance of the interview as an appendix to the 

letter inviting them to participate (Appendix C and Appendix D). It was 

referred to interviews when participants, especially practitioners, found certain 

terms confusing. This letter is discussed in more detail in Section 4.3.6.  

 In the first pilot, some questions resulted in “yes or no” answers with little 

discussion. The wording of these questions was revised to make them more 

open-ended.  



94 
 

 The pilot also highlighted the difficulty of covering the entire protocol if the 

participant was under time pressure. Arising from this, and consistent with 

expert interview literature (Bogner et al., 2009), the order of questions was 

varied depending on the expert's specific areas of knowledge. This ensured that 

all aspects of the framework were covered equally across the 30 interviews.  

 Participants were asked to complete the demographic information in advance, 

freeing up time to focus on the main part of the protocol. 

4.3.8 Conducting the Interviews 

Data were collected through personal face-to-face interviews. Following the advice of 

Wengraf (2001), advance preparation was required by both the interviewer and the 

interviewee. Therefore, the interview protocol was sent to participants a week before 

the interviews took place, allowing participants to consider their responses ahead of 

the interviews. This also meant much of the background information was captured in 

advance allowing the interviews themselves focus on the core research objectives. 

Interviews were scheduled to last one hour. All of the interviews were recorded with 

the consent of the interviewee and were subsequently transcribed by the interviewer. 

In addition to recording the interviews notes were taken using a matrix of CAS 

concepts and IS PPM components (Appendix G). The notes were reviewed by the 

researcher and where necessary clarifications were sought from the interviewee by 

telephone or by email. 

Addressing Reliability, Bias and Validity 

Some issues are associated with the quality of data from semi-structured interviews. 

These issues relate to reliability, bias and validity (Saunders et al., 2012) and are 

equally applicable to the case study interviews as well as the expert interviews. These 

issues and how to overcome them are now discussed. 

When using non-standardised interviews, questions arise about the reliability of data 

(Silverman, 2015, Easterby-Smith et al., 1991). It is not unusual for experts to disagree 

(Meyer and Rees, 2012), especially in a social sciences context. Experts may possess 

different information or may address problems differently. However, Marshall and 

Rossman (2010) argue that semi-structured interviews are not intended to be 

repeatable. Instead, they are interested in the manifestation of phenomena that may be 

subject to change. Their value arises from their flexibility when focused on a complex 
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subject. While the research may not be repeatable, it was important that rigour was 

maintained. Therefore, the choice of research design was carefully justified and 

documented. An interview protocol (Section 4.3.3) was used (Yin, 2009). Notes were 

kept of all interviews and discussions as well as a diary documenting changes in the 

interview protocol and reflections on the conduct of interviews (Marshall and 

Rossman, 2010). Corroboration between the two panels of experts and the subsequent 

use of an illustrative case study also increased reliability. Furthermore, a clear 

methodology for the analysis of data is laid out in Section 4.5. These steps served to 

create an audit trail that allows others to evaluate the trustworthiness of the research 

(Erlandson, 1993). 

Either the interviewer or the interviewee can introduce bias. The interviewer can 

introduce bias by the way in which questions are asked. The interviewee may 

introduce bias by only revealing part of what is happening. Participation bias can arise 

if the people who agree to participate are not representative of the sample (Saunders 

et al., 2012). To avoid bias, care was taken by the researcher in how the interview was 

conducted. For example, appropriate locations were chosen for the interviews. The 

semi-structured approach allows the use of open-ended questions which gives the 

interviewee an opportunity to offer their own opinions and questions were worded 

neutrally and with pre-specified prompts where necessary (Lillis, 1999). Additionally, 

corroboration between experts ensured that individual opinions not supported by 

evidence were eliminated.  

Validity refers to the extent to which the research has gained access to the respondents’ 

knowledge and is able to infer the meanings intended by the respondent. In interpretive 

research, validity is not based on the “representativeness of cases in a statistical sense” 

(Klein and Myers, 1999) but by the strength of reasoning in creating appropriate 

conclusions. Therefore, validity was achieved by conducting the interviews carefully, 

with a protocol reviewed by an external expert, where meanings were probed and 

responses explored from a variety of angles (Saunders et al., 2012). The meanings of 

ambiguous passages in the transcripts were clarified by email or telephone within a 

week of the interview taking place.  
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4.4 Illustrative Case Study 

This section justifies the use of the illustrative case study to address the fourth research 

objective. This objective was “to demonstrate the application of the framework in 

practice”. It also describes the sampling strategy and data collection methods 

appropriate for this research method. 

4.4.1 Justification of Approach 

Case studies have always been an important research method in both interpretive 

research in general (Walsham, 1993) and specifically in IS (Orlikowski and Baroudi, 

1991). The case study captures real-life data, describing challenges that other 

organisations can identify with and learn from (Galliers, 1992, Myers, 2013). The case 

study is particularly appropriate in this study for several reasons.  

Firstly, it considered optimal for studying practice-based problems “on its own terms” 

(Hammersley et al., 2000) where the researcher seeks to capture the specific context 

of the study (Lee, 1989, Galliers, 1992). This is appropriate here as we are seeking to 

demonstrate a practice framework in action. Secondly, the case study facilitates 

“thick” descriptions of the phenomena under examination (Yin, 2009). This is 

particularly useful in studying complex systems such as portfolios of IS projects as it 

enables the researcher to understand the implications of multiple participants, or 

agents, with different and changing understandings (Walsham, 1995). Thirdly, case 

study research is useful when tackling a problem that is broad and complex and 

requires in-depth investigation (Dubé and Paré, 2003). A case study provides greater 

depth and detail than is possible with other research methods like, for example, a 

survey (Galliers, 1992). Rather than simply identifying practices, a case study enables 

the researcher to describe them in detail. Fourthly, and particularly appropriate in an 

explorative study such as this, case studies allow flexibility and enable the research to 

change direction if new insights are discovered (Cavaye, 1996). For example, in 

Chapter 6 it was decided to focus on resource management as that would provide the 

most benefit to both the researcher and the participants. The case study is deemed 

appropriate in areas where few studies have been carried out in the area (Benbasat et 

al., 1987). This makes it appropriate for this study as the application of CAS to IS 

PPM is very limited. Finally, in complex systems, it is not enough to merely identify 

the practices, but it is important to understand their context so that others can learn 
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from them. To illustrate the portfolio management practices in action, it is necessary 

to probe the context in which they work. Case studies are considered particularly 

appropriate for this purpose (Yin, 2009, Benbasat et al., 1987). 

Yin (2009) identifies three main types of case studies, namely, exploratory, 

explanatory, known as critical, and illustrative, known as descriptive. These are now 

briefly introduced, and the use of the illustrative case study approach is justified.  

Exploratory case studies are “inductive” or theory building. It should be noted that the 

exploratory case study does not match the explorative research approach. The 

exploratory case study approach is, in fact, more appropriate for hypotheses generation 

than for exploratory research (Benbasat et al., 1987, Yin, 2009). Rather than starting 

from a theory (as this study has done), a theory is developed from the data and its 

analysis (Eisenhardt, 1989). Because this study has a strong underpinning in theory 

and practices have already been identified, an exploratory case study approach was 

not considered appropriate.  

Explanatory case studies are used when a large body of literature exists, and 

researchers are trying to test, compare, contradict or suggest changes to existing 

theories (Myers, 2013, Otley and Berry, 1994). However, the purpose of this case is 

not to test the practices but to illustrate them, so the explanatory case study was not 

deemed appropriate.  

The third type of case study was the one chosen for this study. This is the illustrative 

or descriptive case study. Illustrative case studies are used when the researcher has an 

initial theory or proposition, studies the case and interprets it using the theory with the 

aim of reinforcing the theoretical position (Otley and Berry, 1994). The illustrative 

case study approach has been chosen for this phase of research for two main reasons. 

Firstly, this approach is particularly appropriate to reinforce findings from the expert 

interview phase with additional evidence (Otley and Berry, 1994). Secondly, 

illustrative case studies are particularly useful in studying new and innovative 

practices developed by particular companies (Otley and Berry, 1994, Thomas, 2011) 

with Kaplan (1986) arguing that much can be learned from their study. The focus of 

an illustrative case study is on demonstrating instances of a specific situation, in this 

case, the practices identified in the expert interviews.  
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4.4.2 Sampling strategy 

The illustrative approach lends itself to both multiple or single cases (Benbasat et al., 

1987). Because the purpose of this case study is to illustrate exemplars of practices 

and see how they are enacted in a specific case so that others can learn from it (Kaplan 

and Duchon, 1988), a single case was deemed appropriate in this study. While some 

question the validity of a single case study, arguing “it puts all the eggs in one basket” 

(Yin, 2009), Stake (1995) argues that any small sample is unlikely to be representative 

and the primary role is to understand the actual case under review. Indeed, there is no 

ideal number of cases as it depends on the quality of the findings and their suitability 

to answer the research questions (Pettigrew, 1990). The use of a single case is 

supported by Yin (2009), who suggests a single case study is appropriate in five 

situations. These situations are if it is (i) critical for testing a well-formulated theory, 

(ii) representative or typical, (ii) revelatory (i.e. a situation previously unique to 

scientific investigation, (iv) longitudinal, and (v) extreme and unique. Because all 

complex systems are unique at any point in time, any individual case of IS PPM is 

both unique and revelatory, reinforcing the choice of a single case for this research 

phase. 

Once a single study approach was chosen it is important to select an appropriate study. 

According to Benbasat et al. (1987), site selection must be well thought out as opposed 

to opportunistic. The factors that dictate a single site design also determine site 

selection. Pettigrew (1990) suggests the researcher should target an extreme case with 

critical incidents, social dramas, and high levels of experience of the phenomenon 

under study. The level of access and co-operation provided to the case must also be 

considered and the case selected must match the unit of analysis of the study and 

researchers must start by considering the nature of their topic (Benbasat et al., 1987). 

Therefore, it is necessary to choose an interesting case with a portfolio that matches 

the definition used in this study, where unique challenges and practices exist, and an 

appropriate level of access is guaranteed.  
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Table 4.4-1 Justification for Selection of Case 

Reason for 

Selection 

Description of Portfolio Present 

Extreme case 

with critical 

incidents 

Extensive portfolio of complex mission critical projects across 

multiple sites with high degree of failure and severe resource 

restraints 

Yes 

Matches unit of 

analysis 

Portfolio consists of complete set of organisation’s IS projects Yes 

Appropriate 

access available 

Portfolio Director and CIO expressed a strong desire to participate in 

project 

Yes 

High level of 

complexity in 

portfolio 

Portfolio has a large number of complex projects across multiple 

interacting sites situated in a rapidly changing environment 

Yes 

Probability of 

interesting 

findings 

New portfolio structures being established combined with high level 

of investment leads to high probability of interesting findings 

Yes 

 

Several potential cases matching these criteria were identified. The merits of each were 

examined, and the potential cases were prioritised in order of preference. The first 

choice was the Irish Health Service Executive (HSE) IS project portfolio (see Table 

4.4-1). An appropriate contact in the HSE was invited by email to participate. A brief 

overview of the potential benefits and requirements for the participating organisation 

was attached (Appendix E). An introductory meeting was arranged, and access was 

agreed. 

4.4.3  Data Collection Methods for the Illustrative case study 

Evidence for case studies comes from multiple sources including documents, archival 

records, physical artefacts, observation and interviews (Yin, 2009). Ideally, evidence 

from two or more sources will converge to support the research findings (Benbasat et 

al., 1987). However, according to Walsham (1995), interviews are the primary data 

source for interpretive case studies, allowing the researcher access the interviewees’ 

own interpretation of the phenomenon under study. Interviews also allow the 

researcher to gather empirical evidence from a wide range of personnel (Myers and 

Newman, 2007). While a semi-structured approach with open questions is again 

deemed appropriate, the case study interviews differ slightly from the expert 

interviews. The specific differences are outlined in Section 4.4.4. 
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Documents and communications are also collected where possible. These include 

minutes of meetings, “handbooks” that list practices, budgets and schedules. However, 

it should be noted that documentation analysis can often be superficial, lacking rigour 

and subject to bias (Silverman, 2015, Yin, 2009). Therefore documentation is used as 

supplementary evidence to data gathered in interviews and any interesting findings 

from it were subsequently validated in interviews. 

4.4.4 Conducting the Case Study Interviews 

The data were again collected through personal face-to-face interviews. To capture 

and corroborate a wide range of practices experienced staff from across the portfolio, 

familiar with all aspects of the portfolio were selected. The researcher specified the 

type of participants required, and the portfolio manager provided a list of people 

willing to participate. Also, two additional people who were referred to in several 

interviews were subsequently interviewed. Participants included members of the 

portfolio’s senior management team, resource managers, project managers, and the 

contractors involved in setting up the project management office (PMO). As stated in 

Section 4.4.3, the interview approach for the case study differed from the approach 

used with the experts. These differences are now explained.  

Firstly, as part of the reflexive approach (Wengraf, 2001), the researcher was able to 

change the interviewees in response to data emerging in the case study. As stated 

above additional interviews were arranged during the process. This was not possible 

in the expert interviews where a purposeful strategy was used to select experts. 

Secondly, significant adjustments were made to the interview protocol used for the 

expert interviews. The introduction to the study was removed as all participants were 

introduced to the study collectively. References to academia and research, as well as 

what might be considered “jargon” by participants, were withdrawn. Furthermore, the 

focus of these interviews was on how PPM was actually enacted in the organisation 

as opposed to how participants though it should be. Thirdly, while the expert 

interviews were focused on the totality of the experts’ experience, case study 

interviews were focused specifically on the participants’ experience of the IS portfolio 

under study. Fourthly, the interviews were more semi-structured and less exploratory, 

with participants digressions not followed up unless the exposed weaknesses in 

existing findings. Instead, follow up questions were aimed at “shining a light” on 

practices identified in the expert interviews or illustrating new ways of achieving them. 
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The purpose of the case study was to illustrate the practice of frameworks as opposed 

to validate it. Therefore, consistent with a reflexive approach, interviews focused on 

individual aspects of the framework where appropriate rather than attempting to cover 

the entire framework with each participant. Interviews were continued until all aspects 

of the framework had been covered comprehensively by multiple participants.  The 

interview protocol for the case study interviews is presented in Appendix F. 

Where possible, as much of the background information was captured in advance to 

allow the interviews themselves focus on the core research objectives. Interviews were 

scheduled to last one hour. As with the expert interviews, all of the interviews were 

recorded with the consent of the interviewee and were subsequently transcribed by the 

interviewer. In addition to recording the interviews, notes were again taken. 

Specifically, IS PPM practices, when identified, were recorded on the notes matrix in 

Appendix G. This template acted as a source of prompts for follow up questions in 

this and subsequent interviews. The transcripts were proofread and annotated by the 

researcher and where necessary clarifications were sought from the interviewee by 

telephone or by email.  

4.5 Data Analysis 

There are a number of possible strategies available for qualitative data analysis 

(Creswell, 2013, Yin, 2009). These include content analysis, narrative analysis, 

discourse analysis, framework analysis and grounded theory (Braun and Clarke, 

2006). However, even when one adopts one of these strategies, the analysis of data is 

custom-built as opposed to “off the shelf” (Miles et al., 2013), specifically with 

differences between the analysis of expert interviews and case studies (Meuser and 

Nagel, 2010). Framework analysis (Ritchie and Spencer, 2002) was chosen as the 

appropriate strategy for this study. Framework analysis is considered appropriate in 

qualitative studies with a specific objective and a predefined sample, for example, 

professionals or experts (Srivastava and Thomson, 2009). It is also considered an 

effective tool to assess practices from the perspective of the people they affect 

(Srivastava and Thomson, 2009). This is particularly appropriate for this study as it 

uses experts to identify practices and a case study to illustrate the framework. 
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4.5.1 Analysis Strategy for Expert Interviews   

In this research, the explorative interviews were intended to identify themes and 

potential CAS based practices that would inform the discussions with the practitioners. 

Also, the systematising interviews were also intended to inform the later discussions 

with academic experts. This requires the processes for data analysis to be interrelated 

with data collection and to go on simultaneously (Dey, 2003). For this reason, data 

analysis commenced as soon as the first interview was completed and the first output 

from analysis of each interview was a refinement of the interview protocol for the next 

interview.  

Framework analysis provides a flexible five-step approach to analysing data by key 

ideas and themes (Ritchie and Spencer, 2002, Srivastava and Thomson, 2009). The 

five steps and how they were conducted in this study are now described. To illustrate 

the process, the identification of an IS PPM practice from CAS concept through the 

data is presented. While this is presented as a linear process, it was completed 

iteratively as each interview was completed and transcribed. 

Step 1: Familiarisation 

This is the process where the researcher became familiar with the transcripts of the 

data collected. Silverman (2015) recommends researchers immerse themselves fully 

in the data to conduct a systematic analysis. All of the interviews were recorded and 

transcribed as soon as possible after being conducted. The interviews were transcribed 

in a format that enabled both text and audio to be integrated into the qualitative 

analysis tool nVivo. This allowed the researcher to immerse himself in the data by 

simultaneously reading and listening to the interviews. The transcripts were then 

reviewed and compared against notes taken during the meeting, and any ambiguous 

parts were clarified with the interviewee. Any recurring themes and interesting ideas 

were noted on the transcripts.  

For example, during the familiarisation stage, it was noted that the importance of 

change came up again and again in the early interviews. Both the academics and the 

practitioners repeatedly stressed the importance of agents or portfolio staff being able 

to change. References to how agents or staff might change were highlighted in the 

transcripts. 
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Step 2: Identifying a thematic framework 

While an a priori framework was used to structure the data collection, it is important 

to maintain an open mind and not force the data to fit the framework (Srivastava and 

Thomson, 2009). Using notes from the familiarisation stage, key themes expressed by 

the participants were identified. The emerging themes, together with the a priori 

concepts and properties from the CAS framework, formed a set of codes. These codes 

formed the basis for subsequent analysis in nVivo. As more and more interviews were 

conducted and analysed, additional codes were added (Ritchie and Spencer, 2002). 

As stated above, the familiarisation stage highlighted the importance of change.  The 

ability of agents to change is already included in the conceptual framework as agent 

adaptiveness, so did not merit a new theme. However, a number of additional sub-

themes relating to change or adaptiveness did emerge. Early academic interviews 

focused on the importance of fitness and natural selection. Prompts were added to the 

interview protocols to explore how these might be achieved in IS PPM. Subsequent 

interviews also highlighted the short-lived nature of gains from change and how 

adaption normally happens incrementally. These themes were added to nVivo as new 

codes as soon as they were identified. The additional of provisional themes relating to 

agents adaptiveness is illustrated in Figure 4.5-1 
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Figure 4.5-1 The addition of emerging themes for adaptiveness 

Step 3: Indexing 

Indexing refers to the process where portions of text relating to a particular theme are 

identified and assigned a code. Coding occurs at the level of the single interview. This 

involves ordering passages from the interviews thematically. One or more coding 

categories can be attached to a piece of text depending on how many topics are 

addressed. Furthermore, it is acceptable to break up the sequentially of the text within 

passages where appropriate (Meuser and Nagel, 2010). The coding categories arose 

from step 2, where each theme had a code created in nVivo. The data were assigned 

to the appropriate codes, and new codes were added when required. 

For example, one academic argued that “a multi-objective fitness function can be used 

to measure agents fitness” and a practitioner suggested that “portfolio staff 



105 
 

performance must be measured across multiple objectives”. These quotes were coded 

against the fitness theme.  

Step 4: Charting 

Charting involves aggregating the specific pieces of data under the emerging themes 

identified in Step 2 and from the a priori framework. While the data are removed from 

its original context, nVivo ensures that it is still possible to identify which interview 

the data are from. At this point, the analysis goes beyond the single interview to bring 

together thematically comparable passages from different interviews (Meuser and 

Nagel, 2010). Because a large amount of data are condensed, it is essential to check 

and revise coding decisions where necessary. This process of rechecking must be 

continued in the light of other relevant passages in the interviews to ensure they are 

valid (Meuser and Nagel, 2010). Data from across the academic and practitioner 

interviews were brought together using nVivo reports. At this stage, the language of 

the data is maintained, and theoretical abstraction is avoided. 

For example, Figure 4.5-2 illustrates how all the data coded to the theme fitness were 

grouped together.  
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Figure 4.5-2 Charting the fitness data 

Step 5: Mapping and interpretation 

This stage involves the analysis of the key characteristics as laid out in the charts. At 

this stage, theoretical abstraction occurs as associations between the data are 

identified, practices identified and explanations provided. The specific characteristics 

of commonly shared knowledge were brought together. Associations between the 

academic and practitioner data were developed. It was essential that these associations 

were reflective of the participant and that the recommendations made echo their true 

beliefs and values (Srivastava and Thomson, 2009). Potential practices were identified 

first in terms of CAS and then through an iterative process, operationalised for IS 

PPM. The CAS based practices served as themes for the further analysis of the 

practitioner data. In turn, the practitioner data were examined to examine the validity 

of these practices in IS PPM, as well as to find operationalised examples of these 
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practices and evidence to support their efficacy. This involved several rounds of data 

analysis and data collection to ensure the transfer from CAS to IS PPM had been 

conducted appropriately. Furthermore, specific IS PPM practices were mapped to the 

appropriate IS PPM component. This mapping was refined as the process was 

reiterated.  

Building on the example from above, the data chart relating to fitness was examined. 

While the full analysis of these data is conducted in the next chapter, an example is 

provided in Table 4.5-1 

Table 4.5-1 Mapping the Data for Agent Fitness 

Academic 

Evidence 

Practitioner 

Evidence 

CAS Practice 

(Emergent 

Theme) 

IS PPM Practice Code 

AD1 A fitness 

function can rank 

agents suitability 

to their 

environment, e.g. 

number of 

surviving 

offspring (A7, 

A13, A14, A3, 

A1, A7) 

 

Portfolio 

fitness function 

continuously 

measures  

range of factors 

that show 

agent’s 

suitability (P1, 

P3, P2, P7, P5 

 

Develop, use 

and 

continuously 

revise a multi-

objective 

fitness function 

that aligns 

agent goals and 

system purpose 

(A6, A2, A11, 

A7) 

Identify the multiple metrics 

that support financial 

performance and innovation 

(A11, A2, P2, P7). 

AD1.1 

PM 

Promote, reward and retain 

agents by their performance 

against the fitness function 

(A3, P2) 

AD1.2 

RM 

Provide continuous feedback 

to agents on their performance 

(A2, P2) 

AD1.3

PM 

Revise the fitness function 

regularly in light of changing 

environment  (A2, P7) 

AD1.4

PM 

 

Theoretical saturation had been achieved when no new themes arose from subsequent 

interviews, and existing themes had been explored fully. When the original 30 

interviews had been analysed, it was clear that saturation had been reached and it was 

unnecessary to conduct further data collection. 

4.5.2 Analysis Strategy for Case Study 

The analysis of the case study was a simpler process. The purpose of the case study 

was to illustrate the framework of practices in action. Therefore, the practices 

identified in the previous phase of the research served as themes and codes for the 

analysis of the case study interviews. However, to ensure rigour, the five-stage process 

presented above was repeated 
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Again, the researcher transcribed all interviews immediately after they took place. The 

familiarisation process was as described above. Very few new themes emerged in this 

stage. However, any interesting findings that appeared relevant but unaligned to the 

practices already identified were noted and a new code created in nVivo. The interview 

transcripts were then coded in nVivo, and any ambiguities followed up by email with 

the participants. Furthermore, additional material such as handbooks and diagrams 

were coded as appropriate. Charting grouped all the practices under the appropriate 

codes of themes. The fifth stage of interpretation involved checking all the practices 

to ensure they reflected the meaning and intention of the participants. Practices 

assigned to codes that had emerged in this phase of the analysis were noted as subjects 

appropriate for future research. A further level of interpretation involved reflecting on 

the conduct of the case study interviews and their analysis and drawing out a set of 

recommendations as to how the framework could be applied in future by both 

academics and practitioners. 

4.6 Summary 

This chapter restated the research objectives for the study and evaluated the 

methodological approaches available. It outlined the justification for choosing an 

interpretivist qualitative exploratory approach. The two-phased research design was 

presented in detail. It justified the choice of expert interviews to identify a framework 

of practices to support IS PPM as a CAS. It described how two panels of experts were 

chosen to synthesise academic CAS knowledge with experiential IS PPM knowledge. 

It then described in detail how these interviews were conducted and analysed. It also 

justified the illustrative case study as the appropriate method to illustrate the 

framework of practices and described the conduct and analysis of the case study. 
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 Chapter 5: Expert Interviews 

5.0 Introduction and Chapter Layout 

This chapter presents the findings of the academic and practitioner expert interview. 

These interviews address the third research objective derived in Section 1.3, namely, 

to identify a framework of practices that support information systems project 

portfolio management as a CAS and enable its four components.  

 

Figure 5.0-1 Chapter Structure 
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Figure 5.0-1 illustrates the chapter structure. The conceptual framework developed in 

Chapter 2, and operationalised in Chapter 3, provides themes to synthesise the expert 

interviews and identify practices to support IS PPM as a CAS. Details of interview 

participants are provided in Appendix H and Appendix I. Participants were assigned 

a pseudonym to protect anonymity (A1 - A15 and P1 - P15).  

Sections 5.1 – 5.5 contains data relating to the five concepts in the operationalised 

framework. Each section contains subsections that discuss each property of the CAS 

concept. The subsections also contain a table summarising key findings and supporting 

evidence. For a practice to be included, it needs to be consistent with CAS theory and 

supported by both academic and practitioner evidence. Each row in the table and its 

supporting discussion is numbered according to the theme to which they relate. The 

practices identified are then numbered in turn. For example, the first CAS based 

practice identified that relates to agent autonomy (AA) is labelled: AA1. The first IS 

PPM practice that supports this finding is then labelled: AA1.1. Each practice is 

assigned to one of the four components of IS PPM. The practices are aggregated into 

a single framework, presented in Appendix J. This is referred to as the CAPPP 

Framework (Complex Adaptive Systems Project Portfolio Management Practice 

Framework).  Use of the CAPPP Framework is illustrated in Chapter 6 and forms the 

basis for the discussion in Chapter 7. This chapter is summarised in Section 5.6. 

5.1 Agents in Information Systems Project Portfolio Management 

Section 2.3.1 defined agents as “the individual actor or basic entity of action in a 

CAS”. This section also outlined the properties of agents. Section 3.4 operationalised 

agents as “the individuals and teams that contribute towards the achievement of 

portfolio purpose and goals”. The following subsections (5.1.1 - 5.1.5) discuss the 

findings relating to the properties of agents operationalised in Section 3.4. 

5.1.1 Agent Autonomy 

Section 3.4.1 operationalised agent autonomy in IS PPM as “some freedom to choose 

how they contribute to the common goals of the portfolio”. The data relating to agent 

autonomy in CAS and IS PPM is summarised in Table 5.1-1 and discussed in detail 

below. 
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AA1. Autonomy facilitates exploration of the landscape. The academic data highlight 

how autonomy is necessary to enable agents to explore their fitness landscape for 

higher fitness peaks (A11, A14, A1). For example, migrating species send out scouts 

to identify better habitats. This exploration enables the system to jump to a higher level 

of performance (A11, A13). Another noted how unsuccessful strategies are an 

important part of the process and agents conducting them should be rewarded (A3). 

The experts advised that it is necessary to encourage agents to search continuously 

for new solutions (A11, A3, A1).  

The practitioners also identified continuous exploration as necessary in IS PPM, 

arguing that portfolio agents must be empowered to engage in exploratory projects 

(P6, P3, P2). One practitioner argued that unless portfolio agents have the flexibility 

to try new things or form new collaborations, they will only be able to make 

incremental improvements (P6). Another warned that while exploration can be 

unsuccessful, it enables the development of radically new projects that drive real 

improvements in portfolio performance (P3).  

Practices identified to encourage agents to search continuously for new solutions 

include: 

AA1.1 Reward exploratory behaviour even when unsuccessful (A3, P3, P2). 

AA1.2 Use flexible job specifications, focused on purpose, which can adapt to the 

changing environment (A1, P3).   

AA1.3 Use flexible project selection criteria, focused on purpose which can adapt to 

the changing environment (A1, A13, P3, P5). 

 

AA2. The level of autonomy is calibrated. The academic data suggested the 

appropriate level of autonomy afforded to agents should vary depending on the 

circumstances (A5, A7, A14). One academic suggested that it depends both on the 

sophistication of the agents and the environment where the CAS is situated (A5). For 

example, termites, which are simple and exist in a relatively unchanging environment, 

need very little autonomy compared with the members of a pride of lions hunting in a 

dynamic environment. Another warned that “delegation has limits” for some tasks 

(A14). The experts advised that systems should calibrate autonomy for individual 

agents and the environment (A5, A7, A14). 
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The practitioner data echoed this finding (P5, P6, P2). For example, there were 

examples from a portfolio of projects where some highly skilled and motivated 

members of the portfolio worked better with low levels of control, while other less 

motivated workers required higher levels of control (P6). Another practitioner 

provided examples from their portfolio where different agents operating in customer-

facing fast-paced environments had different levels of autonomy to those working on 

architectural projects (P5). 

Practices identified to calibrate autonomy for individual agents and the environment 

include:  

AA2.1 Calibrate autonomy appropriate to the environment, e.g. increased autonomy 

for explorative projects aimed at dynamic environments (A7, A5, P5).  

AA2.2 Calibrate autonomy for individual agents, e.g. adopting a different level of 

control for agents with different levels of for skill and experience (P6, A14).  

 

AA3. Good leaders provide motivation and create the right environment. According 

to the experts, autonomy has implications for the role of the leader (A3, A2, A1). One 

expert explained that no individual agent can dictate the behaviour of the other agents. 

Instead, the leader is like a gardener who creates the conditions in which it is possible 

for plants to flourish (A2). Others explained that the leader is just another agent whose 

role is to motivate people and help them understand their roles (A1, A3).  The experts 

advised that leaders must create an enabling environment that allows agents achieve 

their goals (A1, A3, A2).  

The practitioner data supported this (P5, P3, P6, P1). One practitioner suggested it is 

impossible to prescribe how creative knowledge workers will work (P1). Instead, the 

leader must provide support and motivation (P6), appropriate infrastructure (P3, P6), 

and create an environment where people work productively (P3, P1, P15). The 

practitioners suggested that staff cannot achieve portfolio goals without appropriate 

infrastructure (P2, P4, P6).  

Practices identified to create an enabling environment include: 

AA3.1 Shift the portfolio manager’s focus from control to motivation, e.g. managers 

are mentored in how to motivate their staff (A1, P5)  

AA3.2 Task the PMO with creating an environment where agents can work 

effectively, e.g. by providing a workspace conducive to co-operation (A1, P3). 
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AA3.3 Provide portfolio staff with the necessary infrastructure (P3, P6). 

Table 5.1-1 Agent Autonomy Practices 

Academic Evidence Practitioner 

Evidence 

CAS 

Practice 

IS PPM Practice Code 

AA1 Autonomy 

facilitates 

exploration of 

landscape and 

discovery of higher 

fitness peaks, e.g. 

migrating species use 

scouts 

Staff can 

engage in 

exploratory 

activities that 

improve future 

performance  

Encourage 

agents to 

search 

continuously 

for new 

solutions 

Reward exploratory behaviour 

even when unsuccessful   

AA1.1 

RM 

Use flexible job specs, 

focused on purpose, which 

can adapt to the changing 

environment  

AA1.2 

RM 

Use flexible project selection 

criteria, focused on purpose, 

which can adapt to the 

changing environment 

AA1.3 

PS 

AA2 Level of  

autonomy is 

calibrated depending  

on environment and 

agents, e.g. a 

foraging ant has less 

autonomy than a 

hunting animal   

Level of 

autonomy varies 

with portfolio 

environment, 

e.g. pace and  

agents, e.g. 

skill, experience 

Calibrate 

autonomy 

for 

individual 

agents and 

environment  

Calibrate autonomy 

appropriate to environment  

AA2.1 

RM 

Calibrate autonomy for  

individual agents  

AA2.2 

RM 

AA3 Good leaders 

provide motivation 

and create the right 

environment, e.g. 

farmer creates 

environment where 

plants flourish  

Portfolio 

manager’s role 

is to motivate 

and create an 

enabling 

environment  

Create an 

enabling 

environment 

that allows 

agents 

achieve their 

goals  

Shift the portfolio manager’s 

focus from control to 

motivation  

AA3.1 

PM 

Task the PMO with creating 

an environment where agents 

can work effectively  

AA3.2 

PM 

Provide staff with the 

necessary infrastructure 

AA3.3 

RM 

AA4 A CAS 

overcomes agents 

deeply ingrained 

need for control, e.g. 

animals raised in 

captivity can’t be 

released to wild 

without 

acclimatisation 

Need managers 

and staff who 

can work 

without formal 

control  

 

Overcome 

agents need 

to control or 

be 

controlled 

Recruit, retain and promote 

staff comfortable with 

autonomy  

AA4.1 

RM 

Create protective space where 

agents focus on challenges, 

free from constant interruption 

AA4.2 

PM 

Create a translational layer to 

satisfy external reporting 

requirements 

AA4.3 

PM 

AA5 Systems have a 

mechanism for 

collective decision 

making, e.g. bees 

vote to select 

location for new hive  

Portfolio agents 

need to be able 

to make 

collective 

decisions 

Establish 

mechanisms 

for 

collective 

decision 

making  

Use informal communications 

to help make collective 

decisions around project 

selection 

AA5.1 

PS 

Reward teams who make 

effective group decisions 

AA5.2 

PM 

Restrict the escalation of 

decisions to certain thresholds 

or situations where consensus 

is not possible 

AA5.3 

PM 
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AA4. A CAS overcomes agents’ deeply ingrained need for control. The academic 

experts warned that agents, especially humans, may feel safer with control (A1, A5, 

A14, A15). For example, it is difficult to release animals raised in captivity. Similarly, 

people need a “protective space” where they can prepare for autonomy. This protective 

space is required because the notion of control is so deeply ingrained in people (A1). 

The experts explained that the need for control comes from both sides. For some, there 

is a need to be in control, while others need to be controlled, and a translational layer 

is required to make both sides comfortable (A1, A5). The experts advised that the 

system must overcome agents’ need to control or be controlled (A1, A6).  

The desire for control was echoed in the practitioner data, especially where a 

hierarchical approach was prevalent (P6, P2, P1, P3, P4). Experts explained how 

managers are scared if they have no oversight over projects conducted outside the 

formal control (P6), while another suggested that employees fear the responsibility 

associated with autonomy (P4).  

Practices identified relating to overcoming agents need for control include: 

AA4.1 Recruit, retain and promote staff comfortable with autonomy, e.g. through a 

managed staff turnover (A1, P2). 

AA4.2 Create a protective space where agents focus on challenges free from constant 

interruption (A1, P1). 

AA4.3 Create a translational layer to satisfy external reporting requirements (A1, P6).  

 

AA5. Systems have a mechanism for collective decision making. The academic 

experts argued that autonomy means no individual agent can “play God” (A2), or 

dictate to the other agents how to behave. Because CAS lacks a central controller, 

agents need a mechanism to coalesce around successful strategies (A7, A3, A2). For 

example, when bees are swarming they engage in a voting exercise, where they dance 

and bump heads. Within minutes, thousands of bees agree the best location where to 

move (A15). Were each agent to exercise complete autonomy, the system would be 

chaotic. The academics argued that a CAS must establish mechanisms for collective 

decision making (A7, A3).  

The practitioner data reflected the requirement for a collective decision-making 

process (P6, P5, P3, P2). One expert argued that regardless of the seniority of the 

portfolio manager, the nature of IS portfolios involves working with people who are 
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not under their span of control (P6). Others supported this, suggesting that as a 

portfolio manager they must act in agreement with the other agents involved in the 

portfolio. Furthermore, they argued that the dynamic nature of the IS environment 

means decision making needs to be informal, as it is not feasible to wait until all the 

agents can sit down together. (P3, P5). 

Practices identified to establish mechanisms for collective decision making include: 

AA5.1 Use informal mechanisms to help make collective decisions around project 

selection, e.g. voting on internal social media, whiteboards (A2, P1, P3, P2). 

AA5.2 Reward teams who make effective group decisions (P1, P5, P7, A2)  

AA5.3 Restrict the escalation of decisions to certain thresholds or where collective 

decision-making process has failed (P2). 

5.1.2 Common Purpose 

Section 3.4.2 operationalised common purpose in IS PPM as “a set of higher-level 

goals that all portfolio agents should contribute towards” The data relating to 

common purpose in CAS and IS PPM is summarised in Table 5.1-2 and discussed in 

detail below. 

CP1. The common purpose reconciles conflicting agent needs. The academic experts 

repeatedly highlighted the role of common purpose in reconciling the conflicting 

needs of the different agents (A6, A10, A3). For example, for a beehive to survive the 

winter, many bees forgo the opportunity to mate and concentrate instead on gathering 

food or protecting the hive (A15).  Experts explained this shared purpose is of 

particular importance in providing coherence and meaning in human systems where 

the more sophisticated agents can have competing loyalties (e.g. family, company, 

religion, football club) (A3, A1). Another expert suggested that in human systems this 

purpose usually comes from policy, mission or strategy (A6). The experts suggested 

that systems must establish a common purpose that aligns agent behaviour with 

system goals (A1, A6, A3). 

The practitioner data also highlighted the importance of purpose in reconciling the 

different needs of the agents (P6, P1, P2). Portfolio agents are often in diverse silos 

with competing goals (P6, P1) and may be unaware of how their own role contributes 

to the overall portfolio (P1). Furthermore, “political behaviour” where agents, acting 

in their own interest, cause problems for the portfolio (P1, P2, P6). The high-level 
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common purpose gives clear direction to all staff (P5) and provides a reference against 

which they can align their behaviour (P2, P1). 

Practices identified to establish a common purpose that aligns agent behaviour with 

system goals include: 

CP1.1 Translate organisational purpose into a portfolio purpose which aligns all 

portfolio staff with the overall organisational mission (A1, A6, P5).  

 

CP2. The common purpose is propagated by stories and visual imagery. Several 

academics argued that in social systems the common purpose is shared through stories 

and visual images or “memes” (A10, A3). One described how humans act as 

storytellers to share the purpose (A3). Another explained how less sophisticated agents 

use visual imagery. For example, a beehive communicates that it is about to swarm 

with a dance (A10).  The experts argued that agents should use a common language, 

stories, and images to help share a common purpose (A10, A3, A9, A1). 

The practitioners also use images to share the portfolio purpose (P1, P6, P3). 

According to one practitioner, the portfolio manager is the “custodian of the vision” 

who articulates a story to the portfolio agents, as gets those agents to share it with each 

other (P3). Other practitioners display the portfolio purpose prominently in shared 

spaces to help reinforce it among the agents (P2, P9). Because people “growing up in 

the system understand it better” (P1), practitioners argued that the common purpose 

must be expressed in a shared language accessible to all allowing new agents 

understand portfolio purpose (P6, P4). 

Practices identified to use a common language, stories and images to help share the 

common purpose include: 

CP2.1 The portfolio manager acts as “story-teller-in-chief” expressing purpose as a 

story or visual image and using every opportunity to articulate this purpose (A1, A3, 

P3, P2),  

CP2.2 Articulate the purpose in a language based on end-user needs, e.g. Patients’ 

needs are used to describe health IT purpose (A1, P6)  

CP2.3 Encourage staff to share the portfolio purpose with their connections, 

especially face to face (A3, P3, P2). 
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Table 5.1-2 Common Purpose Practices 

Academic Evidence Practitioner 

Evidence 

CAS Practice IS PPM Practice Code 

CP1 The common 

purpose reconciles 

conflicting agent 

needs, e.g. some 

bees never mate to 

help hive survive 

winter  

Portfolio has 

high-level 

goal that 

reconciles the 

conflicting 

needs of 

different 

agents  

Establish a 

common 

purpose that 

aligns agents 

behaviour 

with system 

goals  

Translate organisation purpose 

to portfolio purpose which 

aligns all portfolio staff with the 

overall organisational mission 

CP1.1 

SA 

CP2 The common 

purpose is 

propagated by 

stories and visual 

imagery, e.g. bees 

communicate the 

need to move to a 

new hive by 

dancing  

 

Common 

language, 

stories and 

images used to 

share portfolio 

purpose 

between 

agents  

Use a 

common 

language, 

stories, and 

images to help 

share a 

common 

purpose 

Portfolio manager acts as 

“story-teller-in-chief” 

expressing purpose as a story or 

visual image and using every 

opportunity to articulate this 

purpose 

CP2.1 

SA 

Articulate purpose in a 

language based on customer or 

end-user needs  

CP2.2 

SA 

Encourage staff to share 

purpose with their connections 

especially face to face 

CP2.3 

SA 

CP3 The common 

purpose is 

reinforced by 

simple rules that 

reward altruism and 

punish selfishness, 

e.g. villagers share 

commons to fatten 

pig and marginalise 

those who refuse to 

share 

Portfolio 

purpose 

reinforced by 

rewarding co-

operation and 

punishing 

selfishness 

 

Reinforce 

purpose 

constantly by 

rewarding 

altruism and 

by punishing 

selfishness 

 

Reward, retain and promote 

staff for their contribution to 

portfolio purpose as opposed to 

the achievement of individual 

goals  

CP3.1 

RM 

Empower staff to reward their 

peers for altruistic behaviour 

CP3.2 

RM 

Isolate or exclude staff who 

continuously undermine 

purpose through selfish action  

CP3.3 

RM 

Immediately discourage staff 

from behaviours not conducive 

to achieving portfolio purpose  

CP3.4 

RM 

CP4 The common 

purpose is flexible 

so that it can adapt 

in response to 

exogenous and 

endogenous factors  

e.g. Colony’s 

purpose adapts to 

food shortage or 

increased size  

Purpose must 

be updated 

regularly in 

response to 

internal (e.g. 

new skills) 

and external 

(e.g. 

competitor 

action) forces  

Revise the 

common 

purpose 

regularly in 

response to 

internal and 

external 

changes  

Conduct regular reviews of 

portfolio purpose in light of 

changing environment 

CP4.1 

SA 

Enable bottom-up 

communications for staff to 

highlight inconsistencies or 

shortfalls in purpose 

CP4.2 

PM 

Maintain alignment between 

purpose and internal 

configuration of the portfolio 

CP4.3 

RM 

 

CP3. The common purpose is reinforced by simple rules that reward altruism and 

punish selfishness. According to the academics, the common purpose of the system 

is positively reinforced by rewarding altruism (A3, A12, A2) and punishing agents 

who act selfishly (A3, A6). This “tragedy of the commons” explains how if each family 

kept their own pig on the commons over-grazing would cause all the pigs would die. 



118 
 

However, with cooperation, it is possible to raise a smaller number of pigs 

successfully. Those who co-operate share in the rewards while selfish behaviour is 

punished (A2). Other experts argued that portfolio purpose is strengthened by 

rewarding all agents when individual agents succeed (A10, A1). The experts argued 

that a system must reinforce the common purpose constantly by rewarding altruism 

and by punishing selfishness (A2, A3, A12, A1). 

There was also support for the reinforcement of purpose in the practitioner data (P1, 

P3, P2). One practitioner uses the learning and development program to reward people 

who prioritise the portfolio over personal interest (P1). Another practitioner ensured 

that agents were rewarded for their contribution to portfolio purpose and not just for 

achieving individual goals (P3). However, there was also recognition of the need to 

deal with selfish behaviour. For example, on practitioner has instituted a policy where 

managers are obliged to provide instant feedback when they see behaviours not 

conducive to portfolio purpose. Furthermore, as the last option, staff who continually 

prioritise their own self-interest over the portfolio are “managed out” as part of a 

prescribed rate of staff turnover (P2, P15). 

Practices identified to reinforce the common purpose constantly by rewarding 

altruistic behaviour and by punishing selfishness include:  

CP3.1 Reward, retain and promote staff for their contribution to portfolio purpose as 

opposed to the achievement of individual goals (A1, A6, P3). 

CP3.2 Empower staff to reward their peers for altruistic behaviour (A1, P2). 

CP3.3 Isolate or exclude staff who continuously undermine purpose through selfish 

action (A6, P1, P2). 

CP3.4 Immediately discourage staff from behaviours not conducive to achieving 

portfolio purpose (A6, P1, P2). 

 

CP4. The common purpose is flexible. The academic evidence supports the idea that 

common purpose must be flexible (A3, A5, A6, A2, A11). One expert explained that 

“nothing in a CAS is fixed” (A3). Others explained that the purpose needs to be 

ambiguous and flexible enough to change (A5, A6). For example, the purpose of a 

herd may switch from breeding to seeking out new mates if genetic diversity drops. 

Academics argued that the purpose needs to be “organic”, with “bottom-up” 

information shaping it as the environment changes (A11, A2). The academic experts 
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argued that the system must  revise common purpose regularly in response to internal 

and external changes (A3, A1, A11) 

The idea of a flexible purpose was also reflected in the practitioner data (P2, P5, P12, 

P9). Practitioners demonstrated the need to update portfolio purpose in response to 

internal and external change. For example, new skills and projects enable the portfolio 

to achieve what was not previously possible (P5). Another practitioner struggled to 

reconcile the established decade old portfolio purpose with new challenges in the 

changing environment (P6).  

Practices identified to regularly revise the common purpose regularly in response to 

internal and external change include: 

CP4.1 Conduct regular reviews of portfolio purpose in light of changing environment 

(A3, A11, P11, P2). 

CP4.2 Enable bottom-up communications for staff to highlight inconsistencies or 

shortfalls in purpose (A3, A11, P11, P2) 

CP4.3 Maintain alignment between purpose and internal configuration of the portfolio 

(A3, A11, P11, P2). 

5.1.3 Self-organisation 

Section 3.4.3 operationalised self-organisation as “the establishment of informal 

groups of portfolio agents that collaborate on projects of their own choosing and 

share knowledge”. The data relating to self-organisation in CAS and IS PPM is 

summarised in Table 5.1-3 and discussed in detail below. 

SO1. Self-organisation has no pre-conceived plan or fixed leader. According to the 

academics, effective self-organisation does not arise from a fixed plan nor around a 

fixed leader but occurs when agents coalesce around tasks they choose themselves 

(A3, A1, A15). One expert exemplified self-organisation as a flock of birds where 

there is no preconceived plan or fixed leader; “the leader is constantly changing and 

being reabsorbed, and no one knows where the flock will go”. The group manages 

itself, and “if there is a leader, it emerges and changes when appropriate” (A1). Self-

organisation happens around agents who satisfy a temporary need of the system (A2) 

and may not be appropriate (A1, A11). The experts argued that the system must 

provide appropriate flexibility to allow self-organisation occur around the 

appropriate agents in response to temporary challenges (A1, A3, A2) 
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The practitioners recognised the need for flexibility (P5, P7, P2, P6). One expert 

argued that leadership happens at every level in a dynamic portfolio and is taken by 

the most appropriate person for each task. This portfolio is moving away from a model 

where teams have a predefined leader or manager to a self-organizing one where the 

appropriate person assumes leadership for new tasks (P5). Another expert argued that 

the portfolio structure is temporary and leadership changes as it changes (P7). 

However, the practitioners were not prepared to embrace a fully self-organizing 

portfolio. Instead, they sought to find an appropriate balance between self-organisation 

and control. Portfolio agents only had complete discretion of over what they were 

doing in certain areas (P5, P8, P2). 

Practices identified to provide the appropriate flexibility to allow self-organisation to 

occur around the appropriate agents in response to temporary challenges include: 

SO1.1 Create a flat structure where portfolio agents supported by leadership training 

can move between roles as the situation demands (A1, P5). 

SO1.2 Determine which parts of the portfolio are suitable for self-organisation, e.g. 

radical new projects (A1, A11, P5). 

SO1.3 Provide portfolio teams with the maximum possible discretion to decide what 

they should do and how they should do it (A1, P1). 

 

SO2. Self-organisation is more likely when resources are scarce. The experts 

suggested that self-organisation is more likely to occur when there are more agents 

than can be sustained by the existing resources (A14, A5, A12). For example, hunting 

animals must cooperate when resources are scarce. This enables them to take much 

larger prey. Another expert explained, scarcity only forces surplus agents to work 

together to find new ways of exploiting resources, if those not contributing to the 

system are likely to be eliminated by natural selection (A14, A5, A12). The experts 

argue that the system should constrain resources to encourage co-operation between 

agents (A2, A14, A12). 
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Table 5.1-3 Self-organisation Practices 

Academic Evidence Practitioner 

Evidence 

CAS Practice IS PPM Practice Code 

 

SO1 Self-

organisation has no 

preconceived plan or 

fixed leader. 

Leadership is 

temporary, e.g. birds 

flocking 

Self-

organisation is 

not pre-

planned. 

Instead, staff 

co-operate in 

response to a 

new challenge  

Provide the 

appropriate 

flexibility to 

allow self-

organisation 

occur around 

the 

appropriate 

agents in 

response to 

temporary 

challenges 

Create a flat structure where 

portfolio agents supported 

by leadership training can 

move between roles as the 

situation demands 

SO1.1 

PM 

Determine which parts of the 

portfolio are suitable for 

self-organisation  

SO1.2 

PM 

Provide portfolio teams with 

maximum possible 

discretion to decide how 

what they do and how they 

should do it 

SO1.3 

PS 

SO2 Self-

organisation is more 

likely when 

resources are scare 

as agents forced to 

collaborate to exploit 

resources, e.g. 

wolves hunt together 

when food is scarce 

Portfolio 

agents must 

work together 

to overcome 

scarcity of 

resources or 

achieve 

ambitious 

targets  

Constrain 

resources to 

encourage co-

operation 

between 

agents 

Encourage agents to 

compete to get on the best 

projects by limiting the 

number of projects available  

SO2.1 

PS 

SO3 Self-

organisation occurs 

around well 

connected “focal” 

agents who span 

boundaries, e.g. key 

influencer in 

standing ovation 

Well connected 

agents 

spanning 

different units 

facilitate self-

organisation  

Move agents 

around the 

network to 

find a better 

place for their 

skills 

 

Support mobility if agents 

wish to volunteer for new 

self-organizing projects 

SO3.1 

RM 

Encourage agents to build 

large personal networks 

SO3.2 

RM 

Add agents with a large 

network to important 

projects 

SO3.3 

RM 

SO4 Self-

organisation is 

facilitated by agents 

preferentially 

attaching to similar 

agents they 

recognise by tags, 

e.g. people chose to 

live surrounded by 

people similar to 

them 

Agents more 

likely to form 

groups with 

similar agents 

Facilitate 

preferential 

attachment of 

similar agents 

through 

tagging and 

increased 

mobility  

Use mechanisms such as 

badges or special interest 

groups to allow portfolio 

agents recognise other 

similar agents with required 

skills 

SO4.1 

RM 

Engage in team-building 

exercises that enable 

portfolio agents to identify 

common interests that may 

result in collaboration 

SO4.2 

RM 

SO5 Standardisation 

supports the scaling 

of self-organisation, 

e.g. Roman army 

built around 

standardised units of 

eight soldiers 

Basic portfolio 

level standards 

and 

architecture 

facilitates co-

operation  

Agree on 

common 

standards 

where possible 

to facilitate 

self-

organisation 

Implement common 

standards for architecture, 

coding and governance 

across the portfolio  

SO5.1 

PM 

Standardise and restrict team 

sizes  

SO5.2 

RM 

Restrict the number of teams 

interacting with each other 

on a regular basis 

SO5.3 

RM 
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The practitioners supported the idea that scare resources encouraged self-organisation 

(P6, P2, P1, P5, P3). Many practitioners interviewed had experienced severe cuts to 

their budgets and were struggling to maintain services. According to two practitioners, 

this had led to staff volunteering for projects whose benefits would alleviate resource 

shortages. However, in both these cases, self-organisation could only occur if other 

agents were able to cover their “day jobs” (P6, P1). Similarly, practitioners were under 

pressure to deliver higher and higher returns from the portfolio (P2, P5, P3).  However, 

the data again suggests that ambitious targets are not enough. Also, agents must have 

some spare time capacity to experiment with other groups to find innovative solutions 

to problems (P5).  

Practices identified to constrain resources to encourage co-operation between agents 

include: 

SO2.1 Encourage agents to compete to get on the best projects by limiting the number 

of projects available (A14, P1, P6, P2). 

 

SO3. Self-organisation occurs around well-connected “focal” agents. Several 

academics highlighted the role the focal agent plays in self-organisation (A1, A2, A6). 

For example, the focal agent in a crowd is a key influencer, whose importance and 

position determines whether a standing ovation occurs (A2). Academics explained 

how the network forms a cluster around agents “at the right time and the right place” 

(A1, A2). The experts argued that skills alone were not enough for self-organisation, 

but that agents must have a large network and be in the right place as well (A6). The 

academics argue that systems should move agents around the network to find a better 

place for their skills (A11, A6, A1). 

The importance of the focal agent and their location was supported by the practitioner 

data (P3, P2, P6). For example, one practitioner argued that people are drawn to people 

they see as experts (P3). Another expert (P2) highlighted the importance of the agent’s 

personal network in fostering collaboration and self-organisation. The practitioners 

also focused on the importance of an agent’s location, with one practitioner describing 

how they allowed highly skilled agents to move around the network to find locations 

where their skills are needed (P3), especially boundaries between different networks 

(P6).  
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Practices identified to move agents around the network to find a better place for their 

skills include: 

SO3.1 Support mobility supported if agents wish to volunteer for new self-organizing 

projects (A5, A12, P1, P6). 

SO3.2 Add agents with a large network to important projects (A2, P3). 

SO3.3 Encourage agents to build large personal networks (A6, P2). For example by 

cross-training, rotation and co-location (A1, P1, P6, A11, A12, P1). 

 

SO4. Self-organisation is facilitated by agents preferentially attaching to similar 

agents. The concept of preferential attachment came up in several interviews (A2, A7, 

A8). Experts explained this is how agents are more likely to form attachments to 

similar agents. For example, the Schelling segregation model describes how agents 

with a small preference for similar neighbours self-organise into homogenous groups 

(A2, A7, A8). Another academic quoted Bill Gates’ opinion that “good programmers 

like working with good programmers” (A7). Personal preferences are as important as 

professional preferences (A2, A10). The data suggested that the use “tags” or labels 

can help agents recognise similar agents (A8, A10, A12). The experts argued that 

systems should facilitate preferential attachment of similar agents through tagging 

and increased mobility (A8, A12, A2, A7).  

There was support for the idea of preferential attachment facilitating self-organisation 

in the practitioner data (P2, P4, P9, P5). One expert agreed that portfolio agents are far 

more likely to form groups with similar agents and spend time with people in their 

personal network (P2). However, for agents to discover their similarities there needs 

to be a degree of personal contact between them, e.g. through special interest groups 

(P8, P5, P2). Others arranged social events that allowed agents get to know each other 

better (P5, P2, P15).  

Practices identified to facilitate preferential attachment of similar agents through 

tagging, and increased mobility include: 

SO4.1 Use mechanisms such as badges or special interest groups to allow portfolio 

agents recognise other similar agents with similar skills (A12, A7, P8, P2).  

SO4.2 Engage in team-building exercises that enable portfolio agents to identify 

common interests that may result in collaboration (A2, A10, P2, P3). 
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SO5. Standardisation supports the scaling of self-organisation. The academic 

experts argued that even a large CAS is built from small-standardised building blocks 

(A11, A8, A7). For example, the Roman army was comprised of standardised self-

organizing contubernia of eight men, which made up centuries, cohorts and legions 

(A11). Similarly, systems comprised of Lego blocks can exhibit infinite complexity, 

whereas the ways non-standardised components fit are limited (A1, A15). An 

appropriate degree of standardisation allows agents to self-organise into larger and 

larger structures by combining modularised components without management 

overhead (A7, A8). One expert described how a standardised architecture led to a self-

organizing portfolio producing Linux (A7). Other experts warned that self-

organisation breaks down when the team size becomes too large (A1, A2). The experts 

argued that systems should agree on common standards where possible to facilitate 

self-organisation (A2, A7, A11, A8, A15, A1). 

The practitioner data supported the importance of standardisation (P1, P8, P5, P9). 

One practitioner argued that the primary role of the portfolio was to create 

standardisation and governance that enables teams to cooperate (P1). Another 

suggested standardisation of methods and tools was crucial (P8). Furthermore, it was 

argued that standardisation enables portfolio agents to move from project to project or 

team to team without having to acquire new skills or integrate code (P5, P9). It was 

also argued that portfolios needed to be broken into autonomous sub-portfolios or 

programs to prevent scaling issues (P7) with many of the practitioners pointing to the 

success of small, agile teams of 6-8 and arguing that, similarly, programs should be 

limited in size (P5, P3, P10, P9, P8).  

Practices identified to agree on common standards where possible to facilitate self-

organisation include: 

SO5.1 Implement common standards for architecture, coding and governance across 

the portfolio (A7, A8, P1, P9) 

SO5.2 Standardise and restrict team sizes (e.g. 8 in an agile team) (A11, P5)  

SO5.3 Restrict the number of teams interacting with each other on a regular basis 

(A11, P7). For example, one organisation will not co-locate more than 8 teams (A11). 
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5.1.4 Requisite Variety 

Section 3.4.4 operationalised requisite variety as “a sufficiently wide range of agents 

and skills to ensure the portfolio purpose can be achieved”. The data relating to 

requisite variety in CAS and IS PPM is summarised in Table 5.1-4 and discussed in 

detail below. 

Table 5.1-4 Requisite Variety Practices 

Academic Evidence Practitioner 

Evidence 

CAS 

Practice 

IS PPM Practice Code 

RV1 Diversity 

provides novelty 

required to solve  

complex problems, 

e.g. rainforest can 

recover from fire 

Portfolios 

need a range 

of skills to 

overcome 

problems, e.g. 

leadership, 

technical  

Match 

diversity of 

agents with 

environment

al 

complexity  

Attempt to attract a more 

diverse range of graduates if in 

dynamic environment 

 

RV1.1 

RM 

RV2 Diversity is 

maintained by 

reproduction and 

agent turnover, e.g. 

herds seek out new 

mates for breeding 

Portfolio 

diversity 

enriched by 

cross-training 

of agents and 

staff turnover  

 

Modify 

existing 

agents and 

import new 

agents to 

maintain 

diversity 

 

Provide continuous learning and 

development for all agents to 

prepare them for new challenges 

RV2.1 

RM 

Provide agents with cross 

training in different roles 

RV2.2

RM 

Move agents around, into and 

out of the portfolio with a 

managed turnover 

RV2.3

RM 

Recruit portfolio agents from 

multiple sources 

RV2.4

RM 

RV3 An ecosystem 

rich in resources 

supports diversity, 

e.g. rainforests, 

App Store 

Benefits 

arising from 

projects used 

to attract 

diverse range 

of agents to 

work on them  

Create an 

ecosystem 

rich in 

resources to 

attract the 

best agents 

 

Run exciting projects that attract 

and retain ambitious portfolio 

agents and result in further 

exciting projects  

RV3.1 

PS 

Provide mix of remuneration 

and benefits consistent with 

similar portfolios outside the 

organisation 

RV3.2 

RM 

 

RV1. Diversity provides the novelty required to solve complex problems. According 

to the academics, diversity provides the novelty necessary to overcome problems 

(A11, A3, A1, A12). For example, diversity in a rainforest enables it to overcome 

drought and forest fires. Experts explained that while homogenous agents can tackle 

simple repetitive problems, a CAS faces a range of problems arising from the 

constantly changing environment and needs different skills to address them (A12, A1). 

The experts argued that a CAS must match diversity of agents with environmental 

complexity (A11, A12, A1, A15) 
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The need for diversity was echoed in the practitioner data (P5, P3, P6). Several experts 

pointed out how IS portfolios need a range of skills, e.g. technical, social and 

managerial, to overcome the challenges faced (P5, P3, P6). Another expert explained 

how this is particularly important in IS PPM where “leading edge change projects 

require teams with a range of skills” (P2). It was argued that the need for diversity is 

increased in a faster environment (P5) as portfolios in slow-paced environment have 

time to look for skills when crises struck (P1), unlike in faster environments, where 

solutions must be instant (P5, P7).  

Practices identified to match diversity of agents with environmental complexity 

include: 

RV1.1 Attempt to attract a more diverse range of graduates if in a dynamic 

environment (A3, A12, P5). 

 

RV2. Diversity is maintained by reproduction and agent turnover. According to the 

experts, the system generates diversity by combining existing agents to produce new 

agents or by bringing in new agents from outside the system or (A7, A11, A8). For 

example, a pack of lions maintains diversity by both reproducing and seeking new 

lions from other packs (A11). Reproduction involves retaining successful traits from 

existing agents as well as developing new traits through mutation (A8). The experts 

argued that systems must modify existing agents and import new agents to maintain 

diversity (A7, A11, A8) 

There was evidence to support this in the practitioner data (P6, P1, P2, P5, P3). For 

example, one practitioner described how a doctor cross-trained as a coder increasing 

the skills of the whole team (P6). Another practitioner increased the diversity and 

adaptability by rotating staff in and out of his portfolio. New agents brought the skills 

and knowledge from their own area and embedded it in the portfolio (P1). Some 

practitioners were able to introduce new agents through a managed turnover where 

some agents “were let go” every year (P2, P5, P3). However, other portfolios were 

prevented from doing this by a recruitment embargo meaning the portfolio was “stuck 

with what you have” (P6).  

Practices identified to modify existing agents import new agents to maintain diversity 

include: 
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RV2.1 Provide continuous learning and development for all agents to prepare them 

for new challenges (A8, P3).  

RV2.2 Provide agents with cross training in different roles (A11, P6). 

RV2.3 Move agents around, into and out of the portfolio with a managed turnover 

(A10, P1, P5). 

RV2.4 Recruit portfolio agents from multiple sources (A7, A12).  

 

RV3. An ecosystem rich in resources supports diversity. According to the experts, 

diversity cannot be maintained without plenty of food to support different agents (A5, 

A11). For example, a rainforest has greater diversity than a desert. One expert used 

the example of the App store to explain how a rich ecosystem attracts agents, which 

in turn, create food for other agents. He explained how Apple created a platform where 

app developers can meet a large customer base. Apps add to the ecosystem drawing 

more and more customers, which, in turn, attracts more developers (A8). Another 

academic expert suggested, “exciting projects could act as food”, attracting ambitious 

agents who, in turn, enable more ambitious projects (A12). The experts argued that 

systems must create an ecosystem rich in resources to attract the best agents (A12, 

A5, A11, A14) 

The importance of a resource-rich environment for building diversity was also 

highlighted in the practitioner data (P3, P1, P2). Practitioners confirmed that exciting 

projects and their benefits acted as a magnet for ambitious people who wanted to work 

on the best projects (P3, P1, P2). One practitioner admitted that their portfolio, focused 

mainly on compliance projects, was unable to attract or retain the best agents who 

were “much more likely to go to Google” (P2). Another suggested that staff, like 

customers, are looking for a unique experience (P5). It was also argued that while 

money was not the critical factor in attracting talent, it needed to be competitive with 

other portfolios (P6, P2).  

Practices identified to create an ecosystem rich in resources to attract the best agents 

include: 

RV3.1 Run some exciting projects that attract and retain ambitious portfolio agents 

and result in further exciting projects, e.g. “skunkworks” projects chosen purely for 

the sake of radical innovation (A8, P2).  
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RV3.2 Provide a mix of remuneration and benefits consistent with similar portfolios 

outside the organisation (P2, P11). For example, if portfolio cannot match the salaries 

it needs to provide more interesting challenges or better work-life balance (P1). 

 

5.1.5 Agent Adaptiveness 

Section 3.4.5 operationalised adaptiveness in IS PPM as “the ability of a portfolio 

agent to change to improve their contribution to portfolio purpose”. The data relating 

to adaptiveness in IS PPM is summarised in Table 5.1-5 and discussed in detail below. 

AD1. A fitness function can rank agents’ suitability to their environment. The 

concept of a fitness function was suggested by many academics (A7, A13, A14, A3, 

A1, A7). This function continuously measures and ranks how well agents are adapted 

to their environment (A7, A2). It focuses on key metrics based on what the system 

needs (A2), e.g. the number of living offspring (A7). However, it is often more 

complex, with multiple dynamic variables, which have to be weighted appropriately, 

and the development of a fitness function is difficult (A2, A3). However, it brings 

coherence to a system by aligning individual and system goals and rewarding diverse 

behaviours (A3, A12, A5). The experts argued that systems must develop, use and 

continuously revise a multi-objective fitness function that aligns agent goals and 

system purpose (A2, A11, A3). 

The practitioners were aware of the need to measure agents’ performance and fitness 

across multiple metrics (P1, P3, P2). One explained that portfolio agents can be in 

denial about their own performance, highlighting the need for objective data (P2). This 

practitioner described how this portfolio is moving from an annual or quarterly basis 

to continuous assessment (P2). The need to focus on a range of skills or behaviours 

was also highlighted. For example, people should be rewarded for helping failing 

projects, not just for successful ones (P1, P3). The data also suggested that the function 

must to change over time (P7, P5). 

Practices identified to develop, use and constantly refine a multi-objective fitness 

function that aligns agent goals and system purpose include: 

AD1.1 Identify the multiple metrics that support financial performance and innovation 

(A11, A2, P2, P7). 



129 
 

AD1.2 Promote, reward and retain agents by their performance against the fitness 

function (A3, P2).  

AD1.3 Provide continuous feedback to agents on their performance (A2, P2). 

AD1.4 Revise the fitness function regularly in light of the changing environment (A2, 

P7). 

 

AD2. Agents with low levels of fitness must adapt to survive. According to the 

academics, the fitness function is used to exclude agents from the system (A3, A6, A7, 

A1) and agents with a low level of fitness must adapt to survive (A7, A11, A1). For 

example, hospital superbugs adapt in response to new drugs that decrease their fitness. 

The experts differentiated between humans and other agents (A2, A7, A1), arguing 

that humans learn quickly and can change (A2, A7, A1). The experts suggested that 

systems should use the fitness function to exclude agents who fail to improve their 

fitness (A6, A2, A11, A7). 

The practitioners emphasised the need for portfolio agents to improve their fitness 

levels. Co-workers often isolated poorly performing workers, who failed to 

demonstrate a capacity for change. In these cases, it was necessary to either rehabilitate 

them or “manage them out” (P1). Practitioners in private sector organisations 

described how low performing staff who demonstrated very little capacity to improve 

were dismissed (P2, P5).  Even in portfolios where direct rewards were not available, 

evidence of adaptiveness served as “stories” to be used in the promotion process (P1, 

P6, P4).  

Practices identified to use the fitness function to exclude agents who fail to improve 

their fitness include: 

AD2.1 Retain and reward only the portfolio agents that display a capacity to change, 

e.g. managed staff turnover (A11, P2). 

AD2.2 Make regular continuous professional development available to all portfolio 

agents (A1, P4, P5).  
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Table 5.1-5 Adaptiveness Practices 

Academic 

Evidence 

Practitioner 

Evidence 

CAS Practice IS PPM Practice Code 

AD1 A fitness 

function can rank 

agents suitability 

to their 

environment, e.g. 

number of 

surviving 

offspring  

Portfolio 

fitness function 

continuously 

measures  

range of factors 

that show 

agent’s 

suitability  

Develop, use 

and 

continuously 

revise a multi-

objective 

fitness function 

that aligns 

agent goals and 

system purpose 

Identify the multiple metrics 

that support financial 

performance and innovation  

AD1.1 

PM 

Promote, reward and retain 

agents by their performance 

against the fitness function 

AD1.2 

RM 

Provide continuous feedback 

to agents on their performance 

AD1.3

PM 

Revise the fitness function 

regularly in light of changing 

environment 

AD1.4

PM 

AD2 Agents with 

low levels of 

fitness must adapt 

to survive, e.g. 

hospital superbugs 

adapt as new 

drugs lower their 

fitness 

Agents 

performing 

poorly or with 

outdated skills 

need to 

improve or be 

managed out of 

portfolio 

Use the fitness 

function to 

exclude agents 

who fail to 

improve their 

fitness 

 

Retain and reward only the 

portfolio agents that display a 

capacity to change  

AD2.1

RM 

Make regular continuous 

professional development 

available to all portfolio 

agents  

AD2.2

RM 

AD3 A high 

fitness level is 

temporary, e.g. 

successful fishing 

strategies fail if 

replicated by fleet  

Portfolio agent 

fitness can 

quickly 

deteriorate as 

skills become 

outdated or 

ubiquitous  

Encourage high 

performing 

agents to 

continue to 

adapt 

 

Provide funding for additional 

training courses as rewards  

AD3.1

RM 

Identify the appropriate 

balance between adaptability 

and performance optimisation  

AD3.2

PM 

AD4 Adaption is a 

stepwise process, 

and it is not 

possible to 

leapfrog steps, e.g. 

industrial learning 

curve 

Portfolio 

agents need to 

build upon 

existing 

competencies  

Encourage 

agents to 

perform 

gradual 

experiments in 

response to 

environmental 

change 

Provide portfolio agents with 

a career development roadmap 

with small milestones  

AD4.1

RM 

Ensure that effective changes 

are promptly rewarded with 

positive feedback and small 

tokens 

AD4.2

RM 

AD5 Adaptiveness 

is driven by 

experience, e.g. 

experience 

induces alterations 

in brain 

morphology  

Experienced 

portfolio 

agents able to 

identify and 

adapt to risks 

and help other 

agents to adapt 

Create and 

retain 

experienced 

agents 

 

Encourage portfolio agents to 

get as wide a range of 

experiences as possible  

AD5.1

RM 

Encourage experienced 

portfolio agents to act as sages 

for new teams  

AD5.2

RM 

Dismiss portfolio agents that 

do not demonstrate a capacity 

to learn 

AD5.3

RM 

 

This finding was also reflected in the practitioner data (P2, P11, P12, P5). One expert 

explained how a high performing agent’s skills can become outdated or ubiquitous, 

describing how PMI courses had provided a temporary advantage to some agents but 

are now commonplace (P2). Another expert argued that in a fast-paced environment, 
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portfolio agents must disrupt their own portfolio before the competition does it. This 

means high performing agents should be rewarded for acquiring both technical and 

management skills constantly new technical skills (P5).  

Practices identified to encourage high performing agents to continue to adapt 

include: 

AD2.3 Provide funding for additional training courses as rewards (A3, P1).  

AD2.4 Identify the appropriate balance between adaptability and performance 

optimisation, e.g. agents in exploratory and exploitative projects rewarded differently 

(A2, A3, P5).  

 

AD3. Adaption is a stepwise process. The academic data suggest that adaption for 

individual agents usually happens by small incremental steps (A9, A8, A3). One 

expert compared this to the “industrial-learning curve”. Intel knew it could double the 

speed of a chip every year so that it would be possible to make a chip eight times faster 

in three years; however, they still had to go through each iteration (A9). According to 

another expert, the adaptions need to be small because the non-linear nature of CAS 

means that even small changes can result in huge benefits or costs (A7). Another 

expert explained that individual agents don’t know where the system as a whole is 

going, but carry out small experiments and incremental changes and see how useful 

they are (A8, A3). According to the experts, in a CAS, it is important to encourage 

agents to perform gradual experiments in response to environmental change (A8, 

A3). 

The stepwise nature of adaption was reflected in the practitioner data (P4, P7, P2, P1, 

P8, P3). Practitioners argued that continuous improvement was more likely to succeed 

than major transformations (P4, P7). Several practitioners provided examples where 

major change initiatives had failed (P2, P1). Practitioners emphasised the importance 

of constant learning by existing staff as opposed to relying on new staff (P2, P1, P8).  

Practices identified to encourage agents to perform gradual experiments in response 

to environmental change include: 

AD3.1 Provide portfolio agents with a career development roadmap with small 

milestones (A1, P8). 

AD3.2 Ensure that effective changes are promptly rewarded with positive feedback 

and small tokens (A8, A1, P2). 
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AD4. Adaptiveness is driven by experience. Several experts highlighted the 

importance of experience in facilitating adaptiveness (A11, A5, A2). For example, 

tigers with learned behaviour are more adaptive while hunting than those reliant on 

innate skills. One expert pointed to research in biology has shown that experience can 

induce alterations in the morphology of the brain, suggesting that experienced agents 

have “more tricks up their sleeve” to help them to adapt (A11). In contrast, less 

experienced agents have not seen enough problems to identify when they need to adapt 

(A11, A5). Furthermore, experienced agents help each other adapt by acting as a 

“sage, passing on experience” (A2). The experts suggested that systems should create 

and retain experienced agents (A11, A5, A2). 

The importance of creating and retaining experienced agents was supported by the 

practitioner data (P4, P3, P7, P6, P2). Practitioners argued that experience enabled 

agents to change, and always tried to ensure experienced agents were involved in 

teams (P4, P3). One practitioner encouraged portfolio agents to acquire experience 

working on the boards of voluntary organisations. He believed that this experience 

would drive adaptiveness in the portfolio (P3). Another practitioner suggested that 

experienced people adapt better to project cancellations as they do not see it as a 

reflection on them, but as an objective decision (P2). Another practitioner agreed, 

suggesting that experienced people are better able to accept constructive criticism and 

bring about real change in teams (P6). 

Practices identified to create and retain experienced agents include: 

AD4.1 Encourage portfolio agents to get as wide a range of experiences as possible 

(A11, A5, P3).  

AD4.2 Encourage experienced portfolio agents to act as “sages” for new teams, e.g. 

by including one in a new team (A2, P6).  

AD4.3 Dismiss portfolio agents that do not demonstrate a capacity to learn (P2, P6). 

5.2 The Environment in Information Systems Project Portfolio Management 

Section 2.3.2 defined the environment as “the setting in which the CAS operates in 

and interacts with” and outlined its properties. Section 3.5 operationalised the 

portfolio environment as “the systems, agents and resources that can affect the IS 

project portfolio but are not part of portfolio”. The following subsections (5.2.1 - 
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5.2.4) discuss the findings relating to each of the properties of the environment 

operationalised in Section 3.5. 

5.2.1 Open Boundary 

Section 3.5.1 operationalised the open boundary in IS PPM as “a boundary that 

separates the portfolio from the rest of the world but through which portfolio agents 

and resources can pass through”. The data relating to the open boundary and IS PPM 

are summarised in Table 5.2-1 and discussed in detail below. 

OB1. The system can be easily disrupted. The academic evidence highlighted how 

the open boundary around a CAS means that it can easily be disrupted by events in the 

environment (A2, A1, A3, A8). For example, the grey squirrel has disrupted the forest 

ecosystem and threatened the red squirrel (A2). Agents, information and resources can 

pass between systems as agents seek to improve their own fitness (A6). This is highly 

disruptive as new agents may not share the goals of the system and may compete with 

existing agents and damage their niche. Information passing into the system may cause 

further disruption as it conflicts with the agents understanding of the world (A6). The 

experts suggested that is may be nessecary to create a protective space where agents 

can safely access resources (A1, A6).  

The expert practitioners supported the need to create a protective space around the 

portfolio (P2, P1, P6, P5). This space needs to serve as an obstacle to competitors (P8) 

while allowing ideas and staff enter the portfolio (P6, P7, P1, P2). Furthermore, the 

portfolio must be able to retain their best agents as other organisations will try to lure 

away key staff whose leadership competencies and technical knowledge must be 

replaced with increased training (P6, P2, P1). This was a particular problem for 

practitioners who could not remunerate staff appropriately (P1, P6). Practitioners 

warned that the open boundary can create a climate of fear that prevents collaboration 

(P4) and that staff need to feel safe to scan the environment for opportunities and 

threats (P6, P7, P1, P2).  

Practices identified to create a protective space where agents can safely access 

resources include: 

OB1.1 Insulate staff engaged in boundary scanning from unrealistic demands and 

criticism (A1, A6, P6).  

OB1.2 Reward portfolio staff appropriately compared to competitors (A1, P2, P1, P4). 
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Table 5.2-1 Open Boundary Practices 

Academic 

Evidence 

Practitioner 

Evidence 

CAS Practice IS PPM Practice Code 

OB1 The 

system can be 

disrupted 

easily, e.g. 

grey squirrel 

disrupts red 

squirrel 

The portfolio 

can be 

disrupted by 

agents with 

different 

values and 

loss of 

resources to 

other systems  

Create a 

protective space 

where agents can 

safely access 

resources 

Insulate staff engaged in 

boundary scanning from 

unrealistic demands and 

criticism 

OB1.1 

RM 

Reward portfolio staff 

appropriately compared to 

competitors  

OB1.2 

RM 

OB2 An open 

boundary 

enables the 

importation of 

resources and 

expulsion of 

waste 

necessary to 

survive, e.g. 

human body 

eats and 

expels waste 

Portfolio can 

import 

resources and 

new agents 

and cancel 

redundant 

tasks  

Import resources 

and export waste 

continuously 

Ensure recruitment practices 

make it easy to recruit and 

dismiss staff as appropriate  

OB2.1 

RM 

Ensure procurement policies are 

flexible enough to allow change 

in level of resources  

OB2.2 

RM 

Cancel projects when 

appropriate 

OB2.3  

PS 

Develop dispute resolution 

process to prevent the build-up 

of conflict 

OB2.4 

PM 

OB3 

Collaboration 

with agents 

outside system 

can create new 

performance 

maxima, e.g. 

symbiosis in 

digestion 

Cross-

boundary 

collaboration 

can 

dramatically 

increase 

portfolio 

performance  

Encourage and 

enable 

appropriately 

skilled agents to 

engage in 

boundary-

spanning 

activities 

Cross train staff to enable them 

to collaborate outside their units  

OB3.1 

RM 

Reward staff for engaging in 

cross-boundary activities such 

as attending conferences or 

observing other project 

meetings 

OB3.2 

RM 

OB4 The 

boundary 

shifts as new 

agents join or 

leave the 

system, e.g. 

herds merge 

and split 

 

Unofficial 

portfolio can 

grow and 

contract as 

agents join or 

leave 

Identify and 

manage the 

discontinuity 

between the 

formal portfolio 

management 

system and 

informal CAS 

Ensure portfolio agents are 

aware of the changing informal 

system boundary around the 

portfolio and are prepared to 

work with agents outside the 

official portfolio  

OB4.1 

PM 

Allow unofficial projects to 

proceed if they can be 

incorporated into the portfolio if 

successful 

OB4.2 

PS 

Formally or informally reward 

staff outside the portfolio who 

contribute to its goals  

OB4.3 

RM 

 

OB2. An open boundary enables the importation of resources and expulsion of 

waste. The academic evidence suggests an open boundary allows the importation of 

energy and expulsion of waste (A6, A12, A14). This prevents the system from running 

out of resources or becoming contaminated (A3, A14). For example, the human body 

must eat food and expel waste too (A6). A failure to replace resources results in agents 



135 
 

starving. Failure to expel waste results in a loss of order or a build-up of entropy (A12). 

The academics advised that systems must import resources and export waste 

continuously (A12, A6, A14).  

The practitioners supported the maintenance of an open boundary to replace resources 

and expel waste from the portfolio (P2, P7, P5, P4). They argued that they must be 

able to import resources as required and eliminate redundant activities such as failing 

projects (P7, P11, P6), or portfolios would experience difficulties. A resource freeze 

partially closed the boundary of some portfolios. This made it impossible for these 

portfolios to replace resources or staff. Low staff turnover resulted in a build-up of 

“politics” (P6, P1).  

Practices identified to import resources and export waste continuously include: 

OB2.1 Ensure recruitment practices make it easy to recruit and dismiss staff as 

appropriate (A6, A12, P6, P2). 

OB2.2 Ensure procurement policies are flexible enough to allow change in level of 

resources (A6, P12, P7). 

OB2.3 Cancel projects when appropriate (A12, P5). 

OB2.4 Develop dispute resolution process to prevent the build-up of conflict (A12, 

P7). 

 

OB3. Collaboration with agents outside the system can create new performance 

maxima. According to the academic experts, the open boundary facilitates 

collaboration with agents outside the system to improve performance (A8, A6). For 

example, symbiosis enables different species of bacteria to work together with humans 

to help the digestive process. Agents can see through the open boundary and identify 

potential problems and opportunities that can be addressed by collaboration (A6, A8). 

For example, boundary spanners in Google identify technologies in other industries 

that it uses to create opportunities (A13). This does not happen by accident with one 

expert explaining the system “must have more than one person in the lighthouse” (A8). 

The academic experts argued that the system must enable and encourage 

appropriately skilled agents to engage in boundary-spanning activities (A13, A11, 

A8). 

The practitioners provided evidence to support the importance of an open portfolio 

boundary in supporting collaboration (P5, P9, P8). Collaboration is natural to 
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practitioners engaging in agile software development (P12). However, it was also 

evidenced in traditional portfolios (P1, P6, P4, P7). One practitioner highlighted the 

importance of regular conversations between portfolio stakeholders to identify new 

opportunities (P1). Others focused on the importance of observing unrelated systems 

such as voluntary organisations as new perspectives often led to big improvements in 

portfolio performance (P6, P3). The ability to scan the open boundary required free 

time (P4, P1) and skills (P6).  

Practices identified to enable and encourage appropriately skilled agents to engage 

in boundary-spanning activities include: 

OB3.1 Cross train staff to enable them to collaborate outside their units (A8, P6). 

OB3.2 Reward staff for engaging in cross-boundary activities such as attending 

conferences or observing other project meetings (A8, P6, P2).  

 

OB4. The boundary shifts as agents join or leave the system. According to the 

academic experts, the location of the CAS boundary moves as agents join or leave the 

system (A6, A1, A11). For example, two herds of deer might merge to form a single 

herd, or a herd might split in two. One expert explained that agents move from system 

to system to “get different returns in different places” (A6). Another expert explained 

that this has implications for management, as a formal entity and the CAS formed by 

its agents, may become misaligned (A1). The experts proposed that it is necessary to 

identify and manage the discontinuity between the formal management system and 

informal CAS (A11, A6). 

The practitioner data reflected the need to manage the alignment between systems (P5, 

P2, P6). Practitioners explained that the “actual portfolio” can include other staff and 

“under the radar” projects (P5, P6). If these projects prove successful, they would be 

adopted by the portfolio (P2). The practitioners argued that staff did not recognise 

where the portfolio boundary was and sometimes refused to work with other staff they 

distrusted, e.g. temporary workers (P4, P6). However, another practitioner, whose 

portfolio maintains a high agent turnover, spoke of an unofficial network of ex-

employees who contributed in some way to the portfolio by providing information 

about the environment (P2).  

Practices identified to identify and manage the discontinuity between the formal 

portfolio management system and the informal CAS include:  
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OB4.1 Ensure portfolio agents are aware of the changing informal system boundary 

around the portfolio and are prepared to work with agents outside the official portfolio 

(A6, A11). 

OB4.2 Allow unofficial projects to proceed, providing they can be incorporated into 

the portfolio if successful (A6, P2).  

OB4.3 Formally or informally, reward staff outside the portfolio who contribute to its 

goals (A1, P2). 

5.2.2 Source of Resources 

Section 3.5.2 operationalised the environment as a source of resources in IS PPM by 

providing “the necessary portfolio agents, information, finance and physical 

resources for the IS portfolio to sustain itself”. The data relating to the environment 

as a source of resources and IS PPM are summarised in and Table 5.2-2 and discussed 

in detail below.  

SR1. The creation and maintenance of order require a constant flow of resources. 

The academic experts explained that a CAS cannot survive without importing 

resources (A3, A11). Experts explained that if the system cannot import resources, it 

becomes moribund (A1, A11, A3). For example, a lake needs a constant supply of 

fresh water. The system must adapt to use what is available in the environment (A7, 

A1). The academics argued it is necessary to maintain a regular flow of resources 

through the system (A7, A1, A3) 

The practitioner data supported the need to maintain a constant flow of resources. One 

practitioner warned that without regular investment existing resources in the portfolio 

become depleted (P2). Others argued that an inability to import new resources 

impaired innovation and lead to stagnation (P6, P1). These practitioners argued that 

the portfolio had to adapt to discover new ways of extracting resources with one 

portfolio changing procurement processes to allow stakeholders provide equipment to 

complete projects (P1).  

Practices identified to maintain a regular flow of resources through the system 

include: 

SR1.1 Invest in maintaining and upgrading infrastructure (A1, P2, P6, P1).  

SR1.2 Relax portfolio procurement policies to allow stakeholders provide it with 

essential resources (A7, A1, P1). 
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Table 5.2-2 Source of Resources Practices 

Academic Evidence 

 

Practitioner 

Evidence 

CAS Practice IS PPM Practice Code 

SR1 The creation and 

maintenance of order 

requires a constant 

flow of resources, 

e.g. lake needs flow 

of water through it 

Portfolio must 

adapt to 

replace 

resources as 

they are used  

Maintain a 

regular flow of 

resources 

through the 

system 

Invest in maintaining and 

upgrading infrastructure 

SR1.1 

RM 

Relax portfolio 

procurement policies to 

allow stakeholders provide 

portfolio with essential 

resources 

SR1.2 

RM 

SR2 A CAS re-

organises internally 

in response to 

changes in available 

resources, e.g. big 

animal has slower 

metabolism 

Portfolio 

structure must 

adjust in 

response to 

level of 

resources 

available 

Reorganise the 

structure in 

response to 

changes in 

available 

resources 

Update the portfolio 

governance structure as 

teams are added or 

removed 

SR2.1 

PM 

SR3 Agents 

constantly search for 

new resources, e.g. 

foraging ants search 

randomly for food 

 

Portfolio 

agents 

constantly 

looking for 

new ways to 

obtain 

resources in 

environment 

Encourage 

agents to 

constantly 

search for new 

resources and 

experiment with 

new ways to use 

existing 

resources 

 

Hold hackathons to 

discover how to take 

advantage of new 

technologies  

SR3.1 

PS 

Adopts the results of 

successful experiments 

across the whole portfolio 

SR3.2 

PM 

Spin out successful 

experiments inconsistent 

with portfolio purpose as 

start-up companies 

SR3.3 

SA 

SR4 A standardised 

architecture allows 

the system to attract 

resources, e.g. 

standard architecture 

in Linux 

Standardisation 

across the 

industry 

facilities the 

use of new 

resources 

Adopt an 

architecture that 

facilities the 

flow of 

resources from 

the environment  

Use industry standard 

architecture and coding 

styles that facilitate the 

utilisation of resources 

from outside the portfolio 

SR4.1 

PM 

 

SR2. A CAS reorganises internally in response to changes in available resources. 

Some of the academics explained that the CAS must reorganise its structure in 

response to changes in the availability of resources (A9, A11, A14, A5). For example, 

larger animals have slower metabolisms to prevent them from overheating (A9, A3).  

The need to reorganise arises as power laws operating in CAS prevent linear scaling 

(A12). Other experts compared this to the increased communications overhead in 

larger teams (A9, A2). The experts argued that a CAS must reorganise the structure 

in response to changes in resources available (A12, A9, A11, A14). 

The practitioners also highlighted the need to reorganise portfolio structure as 

resources changed (P2, P6, P1). One practitioner highlighted how the portfolio’s 

failure to reorganise after a series of resource cuts meant that it was struggling to 

function appropriately (P6). Other spoke of the challenge of coping when large 
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resource heavy projects were added to the portfolio without corresponding changes to 

structure (P4, P1, P7). Another practitioner argued that some portfolio teams just do 

not have the ability to absorb extra resources (P2).   

Practices identified to reorganise the structure in response to changes in resources 

available include:  

SR2.1 Update the portfolio governance structure as more teams and projects are added 

or removed (A12, P7). 

 

SR3. Agents constantly search for new resources. The academic data highlighted 

how agents explore the environment for new resources (A3, A1, A11, A14, A8). For 

example, ants head out in random directions while foraging for food. According to 

experts, agents do not know the best way to extract resources or understand the 

consequence of their actions, so they experiment with different strategies and keep 

ones that work (A8, A2). One expert argued that successful experiments act as an 

“oasis”, spreading through the system (A1). The academics suggested that systems 

should encourage agents to constantly search for new resources and experiment 

with new ways to use existing resources (A8, A1, A2). 

The use of experiments to unlock new resources was supported by the practitioner data 

(P8, P2, P5, P9). Some practitioners described how portfolio agents experiment 

through hackathons and prototypes (P8, P2, P5). Portfolio agents were given the time 

to try new things (P9, P5). One practitioner described how the portfolio encouraged 

lean start-ups aimed at taking advantage of new technologies (P9). Successful 

experiments that supported the common purpose were re-incorporated back into the 

portfolio, whereas experiments that were not aligned with purpose were “spun out” as 

new separate ventures (P9).  

Practices identified to encourage agents to constantly search for new resources and 

experiment with new ways to use existing resources include:  

SR3.1 Hold in hackathons to discover how to take advantage of new technologies (A8, 

A14, P5).  

SR3.2 Adopt the results of successful experiments across the whole portfolio (A1, 

P10).  

SR3.3 Spin out successful experiments inconsistent with portfolio purpose as start-up 

companies (P9).  
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SR4. A standardised architecture allows the system to attract resources. Academics 

highlighted the importance of standardised system architecture to use the environment 

as a source of resources (A7, A8, A11). The experts explained how a CAS is 

constructed from standardised building blocks available in the environment (A1, A11). 

According to another, a well-architected system, such as Linux, can easily draw 

resources from the environment. Another described how standardisation in the App 

store, allows thousands of agents provide resources to the Apple ecosystem (A8).  The 

experts argued that a CAS should adopt an architecture that facilitates the flow of 

resources from the environment. 

The practitioner data also supported the idea of standardisation (P2, P9, P1, P8, P5). 

Some practitioners argued that the primary role of the portfolio was to create 

standardisation so teams could co-operate (P9, P5). According to one, standardisation 

enables portfolios to import “off the shelf resources” and use third-party suppliers 

(P2). Another highlighted how non-standardised architecture meant that resources 

needed significant work before they can be used by the portfolio (P9). Practitioners 

argued that common governance (P1) and standardised methods were crucial to enable 

a flow of resources from the environment (P8).  

Practices identified to adopt an architecture that facilitates the flow of resources 

from the environment include:  

SR4.1 Use industry standard architecture and coding styles that facilitate the 

utilisation of resources from outside the portfolio (A7, P9).  

5.2.3 Dynamic 

Section 3.5.3 operationalised the dynamic environment in IS PPM as meaning “the 

portfolio environment comprises many constantly changing entities resulting in a 

high degree of technical and business uncertainty”. The data relating to the dynamic 

environment and IS PPM are summarised in Table 5.2-3 and discussed in detail below. 

DE1. What constitutes a “good” trait may change as the environment changes. The 

academics argued that the changing environment means that the desirability of certain 

traits may change (A3, A14, A1). For example, the panda’s slow reproduction rate 

was beneficial when it had no predators and plenty of habitat. One expert argued: “we 

can’t even know what good is in a changing environment”, as environmental change, 
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and how other systems respond to it, renders existing approaches obsolete. 

Furthermore, environmental change can turn a winning strategy into a losing strategy 

as evidenced by the financial crash where risk diversification resulted in contagion 

(A3). Others described how goals and targets must be sensitive to the changing 

environment (A1, A7, A2). The experts argued that system must revise targets 

constantly in response to environmental change (A3, A14, A1, A13). 

The practitioners’ evidence supported the need to constantly revise goals and targets 

(P5, P2, P7, P9). According to one practitioner, the portfolio and its goals must change 

as “the business position can change rapidly” (P2). Others agreed, arguing KPIs must 

be mapped to strategic objectives which will change as the environment changes (P7, 

P5, P1). For example, one portfolio revised its targets around a particular technology 

when falling energy costs changed its economic viability for customers (P8). 

Practices identified to revise targets constantly in response to environmental change 

include: 

DE1.1 Regularly review all portfolio KPIs against strategic objectives and 

competitors (P7, P5). 

DE1.2 Revise portfolio goals in response to changing economic conditions (P8).  

DE2. Environmental models become outdated quickly. The academic data 

highlighted that environmental models are only useful if kept up to date (A7, A2, A13, 

A10). US Defence Department conflict models become outdated as increasing 

desertification results in mass movements of people (A9). According to the experts, 

models provide insights into a systems relationship with its environment and a simple 

way of representing the dynamic environment (A2,  A10) and are more useful than 

guesswork (A7). However, the constant environmental change can result in a system’s 

assumptions about the environment becoming outdated, and they need to be evaluated 

regularly (A9, A7). The experts explained that systems must build, test and update 

environmental models regularly (A9, A7). 

The practitioners also highlighted the importance of testing and updating 

environmental models. For example, one practitioner highlighted that factors assumed 

to be constant in planning models can become variable rendering its output 

meaningless (P8). Another warned that a portfolio must always be aware of the current 
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and future environment and warned of the danger of using only historical data to 

understand the environment (P1).  

Practices identified to build, test and update environmental models regularly include: 

DE2.1 Creates a model of the portfolio environment to guide decision making (P8) 

DE2.2 Constantly test and refine environmental models (P8). 

Table 5.2-3 Dynamic Environment Practices 

Academic Evidence Practitioner 

Evidence 

CAS Practice  IS PPM Practice Code 

DE1 What constitutes 

a “good” trait may 

change as the 

environment changes, 

e.g. panda’s slow 

reproduction rate 

Portfolio goals 

must change as 

the business 

changes 

Revise targets 

constantly in 

response to 

environmental 

change 

Regularly review all 

portfolio KPIs against 

strategic objectives and 

competitors 

DE1.1 

PM 

Revise portfolio goals in 

response to changing 

economic conditions 

DE1.2 

PM 

DE2 Environmental 

models become 

outdated quickly, e.g. 

climate change 

affects conflict 

models  

Can’t rely on 

historical data to 

predict future 

Build, test and 

update 

environmental 

models 

regularly 

Create a model of 

portfolio environment to 

guide decision making 

DE2.1 

PM 

Constantly test and refine 

environmental models 

DE2.2 

SA 

DE3. The dynamic 

environment is a 

“burning platform” 

presents both threats 

and opportunities, 

e.g. what wiped out 

dinosaurs allowed 

mammals to thrive 

Environmental 

change creates 

opportunities 

and threats for 

portfolio  

Monitor the 

environment 

constantly for 

threats and 

opportunities 

and respond 

appropriately 

Train portfolio staff to 

engage in environmental 

scanning and to 

communicate the 

opportunities and threats 

they identify  

DE3.1 

SA 

Revise portfolio strategy 

in response to 

opportunities and threats 

identified 

DE3.2 

SA 

DE4. The system 

does not know what it 

needs in advance, e.g. 

bacterium not aware 

of results of  mutation 

Portfolio cannot 

predict what 

projects it will 

need in the 

future  

Move planning 

from an 

episodic to 

continuous 

basis 

Replace long-term 

portfolio plan with 

portfolio backlog  

DE4.1 

SA 

Reprioritise portfolio 

backlog at the same 

cadence as the portfolio 

environment  

DE4.2 

PS 

 

DE3. The dynamic environment is a “burning platform” that presents both threats 

and opportunities. The academic data highlighted how the constantly changing 

environment presents both threats and opportunities for a CAS and its agents (A3, 

A13, A11, A12). One academic explained that change creates both “winners and 

losers” (A3). For example, the change that wiped out dinosaurs allowed mammals to 

thrive. Another academic expert highlighted that while change has always resulted in 

established businesses disappearing, it has produced tremendous opportunities for IS 
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(A6). The academics argued that systems must monitor the environment constantly 

for threats and opportunities and respond appropriately (A11, A1, A3) 

The practitioner data also highlighted how the dynamic environment was 

simultaneously a source of threats and opportunities. One practitioner described how 

the high level of innovation in the sector suited their acquisition strategy. However, 

there was always a danger that they would “back the wrong horse” and buy the wrong 

technologies (P8), allowing other start-ups to disrupt their strategy. Furthermore, 

while technological progress creates a constant demand for new products, there is 

always a risk that the demand for existing products will disappear (P10). Another 

practitioner referred to the “burning platform” created by rapid change and described 

it as an opportunity to drive the portfolio forward (P1). Practitioners described how 

their staff engage in horizon scanning (P1, P6, P8, P7) and share their understanding 

of opportunities and threats with the portfolio (P8).  

Practices identified to monitor the environment constantly for threats and 

opportunities and respond appropriately include:  

DE3.1 Train portfolio staff to engage in environmental scanning and to communicate 

the opportunities and threats they identify (P1, P7).  

DE3.2 Revise portfolio strategy in response to opportunities and threats identified (P2, 

P10, P7). 

 

DE4. The system does not know what it needs in advance. According to the experts, 

a crucial implication of the dynamic environment is that the system cannot know what 

it wants in advance (A3, A8, A12). Environmental change makes winning strategies 

outdated (A3). This is exemplified by evolution, where there is no plan, just a constant 

series of changes that maintain an agent’s fit with the environment. However, this does 

not remove the need for planning (A3, A12, A6). Instead, it is an ongoing activity with 

constant updates to strategy in light of environmental change as it is impossible to 

predict what will deliver performance in a dynamic environment (A3). The experts 

argued that a CAS needs to move planning from an episodic to continuous basis (A3, 

A12, A14).  

The implications of the dynamic environment for planning were highlighted in the 

practitioner data (P1, P11, P5, P7). One practitioner summarised the problem of 

planning in a dynamic environment as “you don’t know what you don’t know” (P1). 
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The practitioners noted that change can render existing projects worthless and it must 

be possible to abandon projects when they stop adding portfolio value (P2, P3, P7, 

P5). Another noted that the more dynamic the environment, the shorter the “portfolio 

roadmap” should be (P5). However, as “projects do not appear overnight” and 

“software development always takes time” a very high-level long-term plan is 

required, supported by a portfolio backlog (P5).  

Practices identified to move planning from an episodic to continuous basis include:  

DE4.1 Replace long-term portfolio plan with portfolio backlog (P5).  

DE4.2 Reprioritise backlog at the same cadence as the portfolio environment. For 

example, the portfolio backlog is reprioritised weekly in the gaming industry but less 

frequently in more mature industries (P5, P1). 

5.2.4 No Optimal State of Fitness 

Section 3.5.4 operationalised no optimal state of fitness IS PPM as meaning “there is 

no one optimal configuration of projects that provides a lasting best fit with the 

environment”. The data relating to no optimal state of fitness and IS PPM are 

summarised in Table 5.2-4 and discussed in detail below.  

NO1. The sensitivity between conflicting performance factors is important. 

According to the academics, the different factors comprising performance are 

sensitive to each other (A9, A10, A2). For example, clover increases the fertility of 

grassland. However, above certain levels, clover can be fatal for cattle. Performance 

factors are interrelated and must be dealt with holistically, as opposed to individually 

(A3, A1). Understanding the sensitivity between the different performance factors is 

important (A9, A10). This issue is further complicated as the relationship between the 

different performance factors may be non-linear (A10) and subject to change over time 

(A6, A2). The experts argued that it is necessary to monitor the changing sensitivity 

between performance factors (A9, A10, A2). 

The practitioners highlighted the importance of understanding the sensitivity between 

performance factors. In general, the practitioners’ primary performance factor was 

related to revenue (P5, P8, P2, P3). However, there was a broad understanding that the 

portfolio needs to be aware of the sensitivity between revenue and other performance 

factors (P3, P7, P2). Practitioner argued that all the benefits accruing from projects 
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must be considered, and the relationship between the different benefits must be 

managed (P3, P7).  

Practices to monitor the changing sensitivity between performance factors include: 

NO1.1 Continuously map the dependencies between the different factors that make 

up portfolio performance and weight them accordingly (P8). 

Table 5.2-4 No Optimal State of Fitness Practices 

Academic 

Evidence 

Practitioner 

Evidence 

CAS Practice IS PPM Practice Code 

NO1. 

Performance 

comprises 

multiple 

conflicting 

factors, e.g. 

animals wish to 

be large and fast 

Portfolio 

performance is 

made up of 

multiple 

competing 

factors 

Evaluate the 

system on a 

diverse range 

of factors 

Relate all individual targets to 

overall performance goals  

NO1.1 

PM 

Reconcile competing portfolio 

performance goals  

NO1.2 

PM 

Balance long-term and short-

term performance 

NO1.3 

PM 

NO2. The 

sensitivity 

between 

conflicting factors 

is important, e.g. 

Clover increases 

fertility but can 

kill cattle   

Portfolio agents 

must understand 

relationship 

between 

different 

performance 

objectives  

Monitor the 

changing 

sensitivity 

between 

performance 

factors  

Continuously map the 

dependencies between the 

different factors that make up 

portfolio performance and 

weight them accordingly  

NO2.1 

PM 

NO3. A CAS 

satisfies basic 

criteria to survive. 

e.g. beehive needs 

to be kept at a 

certain 

temperature 

Portfolio must 

satisfy certain 

basic threshold 

performance 

criteria 

Identify and 

satisfy basic 

survival 

criteria 

Identify which performance 

metrics need to be optimised 

and which factors need to be 

satisfied  

NO3.1 

PM 

Ensure that basic survival 

criteria are satisfied before 

seeking to improve other 

performance measures 

NO3.2 

PM 

 
 

NO2. A CAS satisfies basic criteria to survive. According to the academics, A CAS 

must satisfy basic criteria to survive. (A1, A3, A11). For example, while bees aim to 

store as much food as possible, they must also control the temperature of the hive. 

Failure to do this is fatal to the hive, whereas a shortage of food only affects individual 

bees. Some experts suggested that identifying the basic criteria is key to managing a 

CAS (A7, A2) and allows even “useless” organisations to survive (A6). By satisfying 

these basic criteria, the system can focus on other performance factors (A3, A1). 

Another expert compared this to PPM, where projects only need to be “good enough” 

(A5). The experts argued that a CAS must identify and satisfy basic survival criteria 

(A6, A3, A11)  
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The practitioner data also supported the idea that the portfolio must satisfy certain 

basic performance criteria. However, these criteria vary by portfolio. For example, 

practitioners in healthcare have demanding quality criteria that had to be satisfied 

before it is possible to focus on efficiency (P4, P6, A5), whereas, other practitioners 

had to meet minimum customer response times (P5) or provide a minimum return on 

investment (P2, P3). 

Practices identified to identify and satisfy basic survival criteria include: 

NO2.1 Identify which performance metrics need to be optimised and which factors 

need to be satisfied (A3, A1).  

NO2.2 Ensure that basic survival criteria (e.g. minimum software quality) are satisfied 

before seeking to improve other performance measures (A1, A3, A5).  

 

5.3 Interactions 

Section 2.3.3 defined interactions as “reciprocal actions or influences between 

agents as they pursue their goals”. Section 3.6 operationalised interactions as “the 

reciprocal influences between the portfolio agents as they pursue portfolio goals”.  

The following subsections (5.3.1 - 5.3.3) discuss the findings relating to each of the 

properties of the interactions operationalised in Section 3.6. 

5.3.1 Connectivity 

Section 3.6.1 operationalised connectivity in IS PPM as “enabling the flow of 

information and resources between agents”. The data relating to agent connectivity 

in CAS and IS PPM is summarised in Table 5.3-1 and discussed in detail below. 

IC1. The appropriate network structure depends on purpose and environment. The 

academic experts argued that that the appropriate connectivity between agents 

depended on the purpose of the system and the environment it was in (A6, A7, A11, 

A2). For example, a structure designed to prevent the spread of epidemics would be 

different to one designed to propagate information (A2). One expert warned how the 

structure can become inappropriate as the environment changes. In banking, high 

connectivity was supposed to spread the risk across the system but in fact, allowed 

failure to cascade through the system (A9). Conversely, another expert explained how 

a lack of connectivity impedes growth. This would be wasteful if resources were 

plentiful but is more appropriate in a harsh or fragile environment (A7). The experts 
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argued that the system must match network structure to the purpose and the 

environment (A9, A7, A14, A11). 

The importance of matching network structure to the portfolio strategy and its 

environment was reflected in the practitioner data (P1, P4, P3, P5, P7). Experts argued 

that strategy plays a key role in deciding the network structure. For example, in the 

public sector, strategy is more fixed, and less connectivity is required (P1, P4). 

However, in the telecommunications sector, the environment is fast-paced, and 

collaboration is necessary. Therefore, these portfolios require high connectivity (P3, 

P5). Furthermore, it was argued that the layout of the workspace affect the connectivity 

for the portfolio (P2, P5, P3).  

Practices identified to match network structure to the purpose and to the 

environment include: 

IC1.1 Determine appropriate portfolio network structure for strategy and environment 

(A7, P7). For example, a flat structure is more appropriate to encourage 

communication and innovation (P11, P13).  

IC1.2 Evolve existing structure to desired structure (A7, P1, A6). For example, all 

communications channels are mapped and tested; then improvements are made (P1). 

IC2. Connectivity is more than proximity. The evidence suggested that proximity is 

not enough to ensure connectivity between agents (A5, A10, A11, A12). For example, 

two chemicals mixed together may not react without a catalyst. Similarly, regular 

meetings do not mean agents are connected in a meaningful way, especially if they are 

too large (A5, A10). Furthermore, when agents do meet, their connectivity is often 

limited by social norms, which may prevent them talking about work (A10). Agents 

must see the benefit from establishing connections (A12, A11). The experts argued 

that the system should catalyse connections between agents as they come in contact 

(A5, A10, A11). 

The practitioner data supported the finding that proximity is not enough to guarantee 

connectivity (P1, P3, P6). According to one expert, “sometimes people just get stuck 

in silos” (P6). The practitioners argued that portfolio agents must be encouraged to 

interact (P1, P3) and equipped with the necessary tools, autonomy and time to do so 

(P1, P2). For example, one practitioner described an online social platform that 

allowed agents learn about each other (P2). Others spoke of the need for meetings to 

be purposeful (P1) and sized appropriately (P7) as meetings are only effective when 
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people feel comfortable speaking if they have something to meaningful to add (P7). 

The right culture was also considered crucial for connectivity (P1, P10). Practitioners 

argued that if for example, norms allow people to discuss work over coffee, effective 

connectivity can arise (P3, P1).  

Table 5.3-1 Connectivity Practices 

Academic 

Evidence 

Practitioner 

Evidence 

CAS Practice IS PPM Practice Code 

IC1. The 

appropriate 

network structure 

depends on 

purpose and 

environment, e.g. 

stopping disease 

or collaboration  

Portfolio 

strategy and 

environment 

determines the 

appropriate 

structure 

Match 

network 

structure to 

purpose and 

the 

environment 

Determine appropriate portfolio 

network structure for strategy 

and environment  

IC1.1 

PM 

Evolve existing structure to 

desired structure  

IC1.2 

PM 

IC2. Connectivity 

is more than 

proximity to 

enable 

interactions, e.g. 

need for catalyst 

in chemical 

reaction 

 

Just because 

portfolio agents 

are close to each 

other does not 

mean they will 

interact 

effectively 

Catalyse 

connections 

between 

agents as they 

come in 

contact 

Size meetings appropriately, 

with a purposeful agenda, 

limited to meaningful content 

IC2.1 

PM 

Establish a portfolio culture that 

supports the exchange of 

information and resources 

during work and breaks 

IC2.2 

PM 

Ensure portfolio staff have the 

time to interact meaningfully at 

events such as special interest 

groups 

IC2.3 

RM 

IC3 Management 

overhead 

increases with 

connectivity, e.g. 

complexity 

catastrophe stops 

effective natural 

selection  

Too much 

connectivity 

between 

portfolio agents 

adds to 

managerial 

overhead 

Agents should 

avoid 

connections 

that provide 

no benefit to 

them or the 

system 

Keep portfolio teams as small as 

possible 

IC3.1 

PM 

Encourage portfolio staff to 

concentrate on connections that 

create value 

IC3.2 

PM 

Encourage informal 

communications where 

appropriate  

IC3.3 

PM 

 
 

Practices identified to catalyse connections between agents as they come in contact 

include: 

IC2.1 Size meetings appropriately, with a purposeful agenda, limited to meaningful 

content (A10, P7).  

IC2.2 Establish a portfolio culture that supports the exchange of information and 

resources during work and breaks (A10, P3).  

IC2.3 Ensure portfolio staff have the time to interact meaningfully at events such as 

special interest groups (A12, P3, P8).  
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IC3. Management overhead increases with connectivity. Some of the academics 

warned connectivity can increase managerial overhead and that systems with low 

connectivity are easier to optimise (A11, A13). The experts suggested that while more 

connectivity appears better, in reality, there can be “overkill” (A11). Instead, they 

argued that connectivity must be purposeful (A11, A6, A1). One of these experts 

referred to the “complexity catastrophe” where over-connected agents are no longer 

able to select the best outcomes for the system as a whole (A11). Another warned of 

increased managerial overhead as connections scale, arguing “human beings will 

always misunderstand each other, so the more connections, the more 

misunderstandings” (A3). Other experts pointed to the success of agile methodologies 

built around small teams (A11, A15). The experts suggested that agents should avoid 

connections that provide no benefit to them or the system (A11, A13, A3). 

The expert practitioner evidence also offered support for the idea that connectivity 

increases managerial overhead (P3, P6, P4, P7). One expert described how people 

were spending too much time on “email about email”. This expert suggested people 

need to be “freed up” to work on important tasks (P3). Another expert bemoaned the 

fact that portfolio agents have “full calendars” and may not be available to discuss 

urgent issues (P2). Another stated that investment was necessary to provide portfolio 

agents with the necessary tools to connect without disrupting each other unnecessarily 

(P6). Practitioners sought to address this in different ways. For example, some 

practitioners argued that by making informal communication easier, the managerial 

overhead of formal connectivity was reduced (P3, P5, P1, P6, P2). Another advised 

that agents should end relationships with each other when they are no longer required 

(P7).  

Practices identified to help agents avoid connections that provide no benefit to them, 

or the system include: 

IC3.1 Keep portfolio teams as small as possible (P1, P7).  

IC3.2  Encourage portfolio staff are encouraged to concentrate on connections that 

create value (P7).  

IC3.3 Encourage informal communications where appropriate, e.g. desk dropping 

(P3, P5). 
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5.3.2 Exchange of Resources 

Section 3.6.2 operationalised the exchange of resources in IS PPM as “the exchange 

of information and resources to procure the particular resources they need to 

achieve their individual goals”. The data relating to the exchange of resources in CAS 

and IS PPM is summarised in Table 5.3-2 and discussed in detail below. 

Table 5.3-2 Exchange of Resources Practices 

Academic Evidence Practitioner 

Evidence 

CAS 

Practice 

IS PPM Practice Code 

ER1. A CAS has a 

holistic view of 

resource allocation, 

e.g. tragedy of the 

commons  

Staff need to 

view resource 

allocation from 

a portfolio not a 

project 

perspective  

Encourage 

agents to 

take a 

system-wide 

view of 

resource 

allocation  

Provide portfolio staff with 

feedback on the return from 

different resources throughout 

the organisation  

ER1.1 

RM 

ER2. Reciprocity 

means all parties gain 

from the exchange of 

resources, e.g. plover 

and the crocodile  

Portfolio staff 

more likely to 

exchange 

resources in 

return for 

something of 

similar value  

Reward 

agents fairly 

for sharing 

resources  

Reward portfolio staff fairly 

for exchanging resources 

ER2.1

PM 

Provide redeemable credits to 

teams that forgo resources  

ER2.2

RM 

ER3. Simple 

heuristics facilitate 

the exchange of 

resources, e.g. water 

allocation in Balinese 

rice fields 

Exchange of 

resources 

facilitated by 

simple rules  

Govern the 

exchange of 

resources 

with simple 

rules 

Allow teams exchange 

resources below a certain 

threshold without higher 

approval 

ER3.1

RM 

ER4. Relationships 

facilitate the sharing 

of resources, e.g. 

chimpanzees more 

likely to share with 

family members 

Personal 

relationships 

between 

portfolio agents 

facilitate the 

exchange of 

resources 

Encourage 

agents to 

build 

personal 

relationships  

Co-locate teams where 

possible  

ER4.1

RM 

Bring teams together as 

frequently as possible when 

they are not co-located 

ER4.2

RM 

Use extracurricular activities 

to help form or repair 

personal bonds between staff  

ER4.3

RM 

 

ER1. A CAS has a holistic view of resource allocation. The academic experts argued 

that system benefits by taking a holistic view of resource allocation (A2, A10, A9, 

A12). One expert explained that local optimisation leads to a waste of resources (A6). 

By studying the system as a whole, synergies can be identified, and agents can swap 

ideas as to how to use resources (A10, A11). Again this is illustrated by “the tragedy 

of the commons” where everyone benefits by taking a system-wide approach (A2). 

Other experts argued that autonomous agents must see how their contribution affects 

the system, or share the benefits if they are to take a holistic view (A9, A7). The experts 
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argued that the system must encourage agents to take a system-wide view of resource 

allocation (A2, A11, A5).  

The idea of a holistic view of resource allocation was supported by the practitioner 

experts who are used to thinking of the portfolio as a single system (P1, P5, P7). One 

practitioner explained that the portfolio must be aware of its actual capacity (P2). 

Others argued that by sharing much more can be achieved (P5, P7). However, 

autonomy means that individuals cannot be forced to share. Instead, practitioners 

suggested that portfolio agents need to be provided with feedback on the portfolio as 

a whole (P3, P7).  

Practices identified to encourage agents to take a system-wide view of resource 

allocation include:  

ER1.1 Provide portfolio staff with feedback on the return from different resources 

throughout the organisation, e.g. on screens throughout the work area (P2, P3).  

 

ER2. Reciprocity means all parties gain from the exchange of resources. The 

academic experts suggested that some agents will only be yield resources in return for 

something they value (A2, A1). One expert referred to this as reciprocity, explaining 

that an agent only acts altruistically if it is reciprocated (A2). For example, the plover 

cleans the crocodile’s teeth, and the crocodile protects the plover. In human systems, 

this often takes on the form of bartering, where both agents end up with something 

they value (A2). The experts argued that system should reward agents fairly for 

sharing resources (A2, A1).  

While many the practitioners have the authority to move resources around the 

portfolio, generally they agreed that it was better for people to agree to an exchange 

of resources (P2, P3, P5). One practitioner explained, this requires an understanding 

of what each portfolio agent wants in return (P5). Another practitioner referred to the 

process as “horse-trading”, where projects and resources are swapped (P1). Another 

practitioner argued that culture encourages reciprocity (P3). Another explained that 

the exchange can be separated over time. For example, people might provide resources 

now in turn for later benefits. However, if these benefits do not materialise, then future 

exchanges are jeopardised (P6).  

Practices identified to reward agents fairly for sharing resources include:  
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ER2.1 Reward portfolio staff fairly for exchanging resources (A2, P6). For example, 

staff who help with projects get to specify features they need in return (P4, P1). 

ER2.2 Provide redeemable credits to teams that forgo resources (P7, A7) 

 

ER3. Simple heuristics facilitate the exchange of resources. According to the 

experts, the exchange of resources is facilitated by shared rules or heuristics that have 

evolved over time (A2, A9, A6, A8). The rules and rituals that have evolved to govern 

the allocation of water to rice fields in Bali exemplify this. While these rules do not 

necessarily lead to the optimum distribution of resources in any single year, over time 

they are reliable (A9). These rules are often “simple” or “fast and frugal” which means 

exchanges can be agreed quickly without management overhead (A8, A9). Another 

expert explained that these rules do not eliminate autonomy, merely constrain how it 

is exercised (A3). The experts argued that a CAS governs the exchange of resources 

with simple rules (A3, A8, A9) 

The use of simple rules or heuristics to govern the exchange of resources was 

supported by the practitioner data (P1, P6, P3). One practitioner described the rituals 

people used to exchange information informally (P3). Another practitioner described 

a simple rota to share unexpected work equally (P1). Other examples included 

automatically reallocating resources from parked project to next priority project (P3) 

and sharing credit with people who had contributed to the project (P6). It was also 

argued that these informal rules mean that decisions can be made quickly (P3, P1). 

Practice identified to govern the exchange of resources with simple rules include: 

ER3.1 Allow teams to exchange resources below a certain threshold without higher 

approval (P5). 

 

ER4. Relationships facilitate the sharing of resources. The academic experts 

emphasised the importance of personal relationships (A2, A1, A3). For example, one 

expert suggested that chimpanzees’ willingness to share is driven by their relationships 

and similarly when people dislike each other, they are unlikely to exchange resources 

(A3). Others claimed agents are more likely to exchange resources with those they 

share interests with (A2, A7). Furthermore, the explanation of benefits needs a 

relationship that allows agents to listen to each other (A5, A1). Regardless of agents’ 

location, it is important they spend time together to develop relationships (A1, A7, 
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A11). The experts argued that a CAS encourages agents to build personal 

relationships (A1, A7, A11, A5, A2, A3). 

The practitioner data highlighted the importance of relationships to the exchange of 

resources (P3, P4, P8, P7, P6). Practitioners spoke of the importance of informally 

exchanging information on the way into meetings (P1, P3, P5, P7). Other practitioners 

organised extracurricular activities to build or repair relationships between agents (P1, 

P6). One warned that relationships had suffered as a result of teams not being co-

located, impacting on sharing (P4), while others advised bringing the portfolio 

together regularly to repair personal relations (P5) as problems were reported where 

staff “hate” each other (P2).  

Practices identified relating to encourage agents to build personal relationships 

include: 

ER4.1 Co-locate teams where possible. For example, the portfolio ensures all the Irish 

teams are on a single site (P8). 

ER4.2 Bring teams together as frequently as possible when they are not co-located. 

For example, portfolio ensures people get to travel between sites and has regular video 

conferences (P10). 

ER4.3 Use extra-curricular activities to help form or repair personal bonds between 

staff (P1, P6). 

 

5.3.3 Co-evolutionary Interactions 

Section 3.6.3 operationalised co-evolution in IS PPM as “the mutual adaption of 

portfolio agents arising through their repeated interaction”. The data relating to co-

evolution in CAS and IS PPM is summarised in Table 5.3-3 and discussed in detail 

below. 

CO1. Co-evolution contributes to non-linearity. According to the academics, co-

evolution contributes to non-linearity (A1, A11, A13). Co-evolution occurs between 

two agents when they change in response to each other. (A1). For example, the sphinx 

moth and the Darwin orchid have co-evolved to produce a non-linear change. One 

expert explained how a CAS operates on the basis that “one thing leads to another” 

and changes cascade through the system forcing other changes in response (A13). 
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According to the experts, it is necessary to identify co-evolving clusters of agents and 

manage them as a whole (A3, A1). 

The role of co-evolution in non-linear interactions was reflected in the practitioner 

data. One practitioner described how technical and clinical staff co-evolved to work 

together (P6). This co-evolution was facilitated by cross-functional training, 

improving agents’ soft skills and that enabled deeper and deeper co-operation (P4, P6, 

P8, P10). Co-evolution also occurred between portfolios and their customers who 

sought both advice on what technologies to use, and influence over how those 

technologies were implemented (P8).  

Practices identified to identify co-evolving clusters of agents and manage them as a 

whole include: 

CO1.1 Identify groups that work together and cross train them co-operate more 

effectively (P6).  

CO1.2 Seek to influence industry evolution by participating in standard setting groups 

(P8). 

 

CO2. The relationship between cause and effect is separated over space and time. 

According to the academics, the results of an interaction may be hard to determine in 

a CAS for a long time after it has occurred (A6, A3, A13, A10). For example, the 

introduction of the cane toad to Australia displaced other predators resulting in an 

increase in the crocodile population. One expert argued, “cause and effect are 

separated over time and space in complex systems” (A3). Others explained the result 

of an interaction often takes place much later or in a different part of the system (A10) 

and that the same interactions repeated may produce a different reaction (A6).  

Therefore agents cannot know what their actions will lead to in advance (A9). For 

example, the discovery of America had many unpredictable consequences (A13). The 

academics argued that successful systems focus on getting the right behaviours 

rather than evaluating short-term outcomes (A13, A3).  

The practitioner data supported the idea that the relationship between cause and effect 

is not obvious in non-linear interactions. One practitioner described how every now 

and again “staff who were up for it” would interact and achieve completely unexpected 

outcomes (P6, P13). Another practitioner described how two teams used software, 

designed for a specific purpose, innovatively, saving hundreds of hours (P10). Other 
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practitioners encouraged interactions with agents inside and outside the system, in the 

hope that these interactions would lead to dramatic portfolio improvements (P2, P6, 

P5).  

Practices identified to focus on getting the right behaviours rather than evaluating 

short-term outcomes include:  

Table 5.3-3 Co-evolutionary Practices 

Academic Evidence Practitioner 

Evidence 

CAS Practice IS PPM Practice Code 

CO1. Co-evolution 

contributes to non-

linearity and major 

changes, e.g. sphinx 

moth and Darwin’s 

orchid 

Portfolio 

agents co-

evolve with 

other leading 

to non-linear 

outcomes  

Identify co-

evolving 

clusters of 

agents and 

manage them 

as a whole 

 Identify groups that work 

together and cross-train them 

to co-operate more effectively  

CO1.1

PM 

Seek to influence industry 

evolution by participating in 

standard setting groups 

CO1.2

SA 

CO2. The 

relationship between 

cause and effect is 

separated over space 

and time, e.g. Cane 

toad increased 

crocodile population 

year later  

Interactions 

can lead to 

unexpected 

portfolio level 

outcomes 

Focus on 

getting the 

right 

behaviours 

rather than 

evaluating 

short-term 

outcomes 

Reward behaviours as well as 

outcomes  

CO2.1

PM 

Monitor the effect of 

interactions in both the long 

and short term and provide 

appropriate feedback  

CO2.2

PM 

CO3. Changes in 

pattern of interactions 

between agents are 

warning signals for 

nonlinear change, e.g. 

slowing down of 

seismic activity 

Change in 

interactions 

act as “weak 

signals” 

predicting 

non-linearity  

Train agents to 

identify 

changes in 

interactions 

that predict 

non-linearity 

Train staff in “soft skills” to 

identify problems in 

relationships 

CO3.1

RM 

Use signals like a decrease in 

requests for new features to 

predict an abrupt fall off in 

demand 

CO3.2

SA 

 

CO2.1 Reward behaviours, as well as outcomes, for example, portfolio staff are 

rewarded for sharing knowledge and co-operating as well as successful projects (P3). 

CO2.2 Monitor the effect of interactions in both the long and short term and provide 

appropriate feedback, e.g. the portfolio carries out “deep dives” to understand why 

things actually happened the way they did and to share the knowledge gained (P5).   

 

CO3. Changes in the pattern of interactions between agents are warning signals for 

non-linear change. While the relationship between cause and effect may not be 

repeatable in a CAS (A3, A6), there was evidence to suggest that changes in 

interactions can be used to predict non-linearity (A11, A3). For example, earthquakes 

can be predicted by a “critical slowing down” of seismic activity (A9). Another expert 

pointed to changes in social media usage before the Arab Spring (A3). Others 
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described how changes in the frequency or type of interactions came before abrupt 

changes in systems (A11, A9). While it can be extremely difficult to identify these 

signals in advance (A9 A6), experts, familiar with the technology sector, argued that 

experienced leaders armed with appropriate models (A7) and experience can predict 

abrupt changes (A13). The experts argued that complex human systems can train 

agents to identify changes in interactions that predict non-linearity (A7, A13). 

The practitioner data strongly supported the idea that changes in interactions can act 

as a warning of non-linearity (P7, P8, P10).One practitioner described how “weak 

signals” indicating a problem with a relationship could be something as simple as a 

lack of enthusiasm to attend meetings and that practitioners need to “sharpen their 

senses” to study both the social and technical nature of interactions (P7). Experts 

argued that experience was critical in identifying the patterns associated with non-

linear events (P8, P10, P2) 

Practices identified to train agents to identify changes in interactions that predict 

non-linearity include: 

CO3.1 Train staff in “soft skills” to identify problems in relationships (P7). 

CO3.2 Use signals like a decrease in requests for new features to predict an abrupt fall 

off in demand (P5) 

 

5.4 System Level Properties  

Section 2.3.4 defined system-level properties as “collective phenomena 

collaboratively created, but irreducible to individual action”. Section 3.7 

operationalised system-level properties as “properties and behaviours, observable at 

the portfolio level, that arise from the collaborative actions of portfolio actors but 

are not explicable by the behaviour of individual actors”. The following subsections 

(5.4.1 - 5.4.4) discuss the findings relating to each of the properties of system level 

properties operationalised in Section 3.7. 

5.4.1 Attractor States 

Section 3.7.1 operationalised an attractor state in IS PPM as “a state optimised 

around certain metrics that the portfolio will return to if perturbed”. The data 

relating to attractor states and IS PPM are summarised in and Table 5.4 1 discussed in 

detail below. 
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AS1. Multiple attractor states can exist in a CAS. The academics argued that because 

a system is naturally drawn back to a default equilibrium, it can appear that only a 

single attractor exists. However, multiple potential attractor states can exist where 

wildly different performance is possible. (A11, A3, A2, A7, A6). For example, 

Europe’s cold winters limited population; however, different genetic changes 

facilitated new attractor states where different populations were possible in different 

countries. The experts agreed that agents must engage in continuous exploration, 

experimentation and adaption to identify more desirable states (A14, A6, A11).  

Many practitioners echoed the idea of their portfolio having multiple attractor states 

and needing to identify more appropriate ones (P14, P6, P5, P1). For example, one 

practitioner described trying to move his portfolio from “firefighting” to “delivering” 

(P1).  

IS PPM practices identified to engage in continuous exploration, experimentation 

and adaption to identify more desirable states include:  

AS1.1 Run environmental simulations to identify new markets (P5, P8). 

AS1.2 Give portfolio agents “free time” to explore new possibilities (A1, P5).  

 

AS2. Attractor states can be stable for long periods. The academic experts explained 

that the CAS can be quite stable within an attractor state (e.g. the San Andreas Fault) 

(A3, A11). However, this apparent stability provides little incentive for adaption and 

may blind agents to imminent threats (A6, A11, A3). The experts advised that agents 

must prepare for change even during prolonged periods of apparent stability (A11, 

A6, A8).  

The practitioner data also highlighted how portfolios appear stable for prolonged 

periods, e.g. a stable range of products and projects (P1, P9, P14). They argued that 

this stability can lead to over control (P9), over-specialisation (P14) or short-term 

reporting (P8, P9, P2).  

Practices identified to prepare for change even during prolonged periods of apparent 

stability include:  

AS2.1 Benchmark the portfolio against other high-performance portfolios (P6). 

AS2.2 Constantly scan the environment for opportunities and threats even in times of 

stability (A14, A6, P6). 
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Table 5.4-1 Attractor State Practices 

Academic Evidence Practitioner 

Evidence 

CAS Practice  IS PPM Practice Code 

AS1. Multiple 

attractor states can 

exist in a CAS, e.g. 

maximum population 

of country depends 

on genetics 

The portfolio can 

exist in multiple 

possible states 

determined by 

initial conditions 

and capabilities 

Engage in 

continuous 

exploration, 

experimentatio

n and adaption 

to identify 

more desirable 

states 

Run environmental 

simulations to identify 

potential markets  

AS1.

1PM 

Give portfolio agents free 

time to explore new 

possibilities 

AS1.

2RM 

AS2. Attractor states 

can be stable for long 

periods, e.g. 

earthquakes or 

volcanoes 

Portfolio be 

stable for a 

prolonged 

period, e.g. stable 

product range 

Prepared for 

change even 

during 

prolonged 

periods of 

apparent 

stability 

Benchmark the portfolio 

against other high 

performing systems  

AS2.

1PM 

Constantly scan the 

environment for 

opportunities and threats 

even in times of stability 

AS2.

2PS 

AS3. Attractor states 

can change suddenly 

as systems change 

dramatically, e.g. 

10,000 bees can 

switch hive in 

minutes 

Portfolio level 

properties can 

abruptly 

transition, e.g. 

rapid reduction 

in customer 

satisfaction 

Identify change 

as quickly as 

possible and 

respond 

appropriately  

Train portfolio agents to 

identify weak signals that 

predict major change   

AS3.

1RM 

Conduct regular 

brainstorming sessions to 

identify responses to major 

potential changes  

AS3.

2SA 

AS4. Causes of 

change can be both 

endogenous and 

exogenous, e.g. a 

fishing fleet co-

operating or a 

meteorite wiping out 

the dinosaurs 

 

Portfolio change 

can be initiated 

by both internal 

and external 

sources  

Seek to both 

pro-actively 

create change 

and respond to 

it  

Focus on initiating change 

not responding to it  

AS4.

1SA 

Constantly seek to disrupt 

own portfolio through 

innovation  

AS4.

2PS 

Constantly monitor the 

environment for threats 

and opportunities 

AS4.

3PM 

 

AS3. Attractor states can change suddenly. Despite their apparent stability, 

academics warned that a CAS can rapidly transition between attractor states (A3, A11, 

A6), e.g., thousands of bees swarm in minutes after years of stability (A15). While the 

experts did not agree on how to predict change, some academics spoke of patterns that 

may act as precursors of major change (e.g. seismic activity before earthquakes) and 

argued that agents must identify change as quickly as possible and respond 

appropriately (A11, A7, A13).  

The practitioners also observed abrupt portfolio change (P4, P8, P9, P14) with one 

practitioner describing an abrupt cultural shift from “helpfulness” to “change-fatigue” 

(P4). Practitioners were more confident than academics that experienced portfolio 

agents can predict change (P4, P2, P1).  
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Practices identified to identify change as quickly as possible and respond 

appropriately include: 

AS3.1 Train agents to identify “weak signals” that may predict major change (A13, 

P7). 

AS3.2 Conduct regular brainstorming sessions to identify responses to major potential 

changes (A11, P4). 

 

AS4. The causes of change can be both endogenous and exogenous. The academic 

experts explained that change can be driven both exogenously (A2, A8) (e.g. invasive 

species, meteorites) and endogenously (A14, A13, A3, A15) (e.g. fishing fleet 

switches from competition to co-operation (A3)). The academic experts argued that 

agents must seek to both pro-actively create change and respond to it (A8, A13, A3).  

The practitioner data supported this. Economic turbulence and regulation drove 

exogenous change in some portfolios (P6, P4, P1), whereas another practitioner 

suggested that portfolio agents “just got tired of failure and changed things 

themselves” (P4).  

Practices identified to seek to both pro-actively create change and respond to it 

include:  

AS4.1 Focus on initiating change not responding to it, e.g. involvement in industry 

committees (P8).  

AS4.2 Constantly seek to disrupt the portfolio through innovation (P5, A7, A12).  

AS4.3 Constantly monitor the environment for threats and opportunities (A8, A3, P1).      

 

5.4.2 Resilience 

Section 3.7.2 operationalised resilience in IS PPM as meaning the “portfolio has 

system-level properties that are reasonably immune to changes among the portfolio 

agents causing those properties”. The data relating to resilience and IS PPM are 

summarised in Table 5.4-2 and discussed in detail below. 

RE1. Resilience protects the system from external shocks. Experts explained that 

resilience enables a system to cope with shocks and provides coherence in the face of 

constant disruption (A2, A7, A11, A15), e.g. forests recover quickly from catastrophic 

fires (A7). However unique systems require different levels of resilience. The 
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academics explained that a system must build a level of resilience appropriate to its 

environment (A11, A15, A7).  

The practitioners also highlighted the importance of matching portfolio resilience to 

the environment (P9, P1, P11). For example, one portfolio regularly loses up to 50% 

of revenue but maintains resilience by individual portfolio agents creating new 

revenue streams (P11), while a stable portfolio focused on developing robust long-life 

projects (P1, P6).  

Practices identified to build a level of resilience appropriate to the environment 

include: 

RE1.1 Model environmental change to estimate the level of resilience required (P8). 

RE1.2 Ensure portfolio has a range of projects appropriate to the environment (P11). 

Table 5.4-2 Resilience Practices 

Academic Evidence Practitioner 

Evidence 

CAS 

Practice  

IS PPM Practice Code 

RE1. Resilience protects 

the system from external 

shocks, e.g. forests 

recover from 

catastrophic fires 

Resilience 

protects the 

portfolio from 

environmental 

disruption  

Build a level 

of resilience 

appropriate 

to 

environment 

Model the rate of 

environmental change to 

estimate the level of 

resilience required 

RE1.1 

PM 

Ensure portfolio has range 

of projects appropriate to 

the environment 

RE1.2 

PS 

RE2. Agent diversity 

contributes to resilience 

by building a stronger 

system, e.g. a genetically 

diverse animal 

population is healthier 

Diverse range 

of agents and 

skills creates 

portfolio 

resilience  

Have a 

diverse 

range of 

agents to 

maintain 

resilience 

Recruit a broad range of 

staff from a wide variety 

of sources   

RE2.1 

RM 

Use cross-training to avoid 

overspecialisation   

RE2.2 

RM 

Rotate staff to increases 

skills diversity 

RE2.3 

RM 

RE3. There is a trade-off 

between resilience and 

performance, e.g. two 

kidneys but only one 

brain 

There is a 

trade-off 

between 

performance 

and resilience  

Balance 

performance 

and 

resilience 

Identify necessary level of 

resilience for the portfolio 

RE3.1 

PM 

Focus on resilience for 

critical projects and 

performance for non-

critical projects 

RE3.2 

RM 

RE4. External 

appearance can remain 

unchanged despite 

changes to internal 

structure, e.g. Species 

maintains features that 

deter predators  while 

evolving 

Portfolio 

appears 

resilient to its 

stakeholders 

providing 

appearance 

remains 

unchanged  

Retain 

resilience by 

maintaining 

the same 

appearance 

during 

periods of 

change 

Maintain a consistent 

portfolio appearance, e.g. 

consistent user interface 

across projects, during 

periods of change 

RE4.1 

PS 
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RE2. Agent diversity contributes to resilience. According to the academics, variety 

builds a stronger system (A2, A8, A12). For example, genetic diversity leads to 

healthier animal populations. Diversity ensures that potential solutions to problems 

already exist within the system and that the system can adapt to overcome new 

challenges (A2, A11). The experts argued that a CAS must have a diverse range of 

agents to maintain resilience.  

The practitioner data also supported the role of diversity in resilience (P11, P7, P9, P2, 

P4). For example, one practitioner argued that over-specialisation had reduced 

diversity, impairing the portfolio’s ability to survive (P9).  

Practices identified to have a diverse range of agents to maintain resilience include: 

RE2.1 Recruit a broad range portfolio staff from a wide variety of sources (e.g. 

different universities) (A11, A1, P2). 

RE2.2 Use cross-training to avoid over-specialisation (A11, A2, P9, P14). 

RE2.3 Rotate staff to increase skills diversity (A11, P1). 

 

RE3. There is a trade-off between resilience and performance. Many academics 

highlighted how resilience could reduce performance (A8, A9, A11, A13, A2). Some 

experts explained that the redundancy essential for resilience comes at the expense of 

specialisation which can boost performance (A2, A8). For example, a second kidney 

increases resilience but reduces efficiency (A15). The experts explained that a CAS 

must balance performance and resilience (A8, A11, A15).  

This trade-off was echoed in the practitioner data (P9, P6, P8, P13). Practitioners 

argued that “super-specialisation” came at the expense of general knowledge 

necessary for resilience (P14) and left the portfolio vulnerable to staff turnover (P6).  

Practices identified to balance performance and resilience include: 

RE3.1 Identify the necessary level of resilience for the portfolio (A11, P8). 

RE3.2 Focus on resilience for critical projects and performance for non-critical 

projects (A15, P9, P1). 

  
RE4. External appearance can remain unchanged despite changes to the internal 

structure. Several academics argued that resilience can be considered in terms of 

appearance as well as structure (A11, A1). For example, organisms retain an 

appearance that deters predators while evolving internally. They suggested that agents 

outside the system don’t care what’s going on inside providing the system meets their 
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needs, e.g. the internet. The academics argued that a CAS creates resilience by 

maintaining appearance during periods of change (A11, A1).  

This was supported by the practitioner data (P9, P8, P5). One practitioner described 

their portfolio as a “black-box” whose stakeholders only care about the interface (P9). 

Providing this appearance remains consistent, and the portfolios provide the required 

functionality, stakeholders will tolerate change (P5).  

Practices identified to maintain portfolio appearance during periods of change 

include: 

RE4.1 Maintain a consistent portfolio appearance, e.g. consistent user interface across 

projects, during periods of change (P1, P9, P8). 

 

5.4.3 Unpredictable 

Section 3.7.3 operationalised unpredictable system-level properties in IS PPM as 

“portfolio level properties whose cause may not be obvious and it may not be possible 

to predict their emergence”. The data relating to the unpredictable system-level 

properties and IS PPM are summarised in Table 5.4-3 and discussed in detail below. 

 

UE1. Non-linear interactions lead to unpredictable system-level properties. Several 

academics explained that emergent properties are unpredictable because of the non-

linear nature of interactions in a CAS (A2, A11, A13, A6). For example, a jazz session 

or the flight of a flock of birds are unpredictable (A1). Interactions are non-linear as 

agents, informed by flawed assumptions and past experiences, respond inconsistently 

(A9, A1). 

However, successful agents regularly experiment with each other and take advantage 

of opportunities created (A13, A1). The experts argued that agents should experiment 

with each other and adjust strategy to take advantage of new opportunities (A13, 

A1, A11). 

The practitioners also provided evidence supporting interactions creating 

unpredictable portfolio properties (P8, P6, P14). For example, one practitioner 

described how getting artists, engineers and client-facing staff interacting increased 

creativity and customer focus across the portfolio (P6).  

Practices identified to experiment with each other and adjust strategy to take 

advantage of new opportunities include: 
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UE1.1 Encourage agents in different areas to work together on experimental projects 

(A1, P6).  

UE1.2 Be prepared to adjust strategy to take advantage of unpredicted opportunities 

(A13, P11, P8). 

Table 5.4-3 Unpredictable Practices 

Academic 

Evidence 

Practitioner 

Evidence 

CAS Practice  IS PPM Practice Code 

 

UE1. Non-linear 

interactions lead 

to unpredictable 

system-level 

properties, e.g. 

flight of a flock 

of birds  

Non-linear 

interactions 

between portfolio 

agents create 

unpredictable 

portfolio 

properties  

Agents 

experiment 

with each other 

and adjust 

strategy to take 

advantage of 

new 

opportunities 

Encourage portfolio agents 

from different areas to work 

together on experimental 

projects  

UE1.1 

PS 

Be prepared to alter strategy 

to take advantage of 

unpredicted opportunities  

UE1.2 

SA 

UE2. There is a 

leverage point 

where systems 

start to behave 

unpredictably, 

e.g. tipping point 

in climate change 

There is a tipping 

point beyond 

which the 

portfolio behaves 

unpredictably  

Identify the 

regions where 

system acts 

predictably and 

unpredictably 

Use models and simulations 

to identify leverage points in 

the portfolio  

UE2.1 

PM 

Retain and develop 

experienced portfolio agents 

who recognise abrupt 

transitions  

UE2.2 

RM 

Adjust strategy when 

portfolio starts to behave 

unpredictably   

UE2.3 

SA 

UE3. Agents can 

shape emergence 

by preparing and 

reacting 

appropriately, e.g. 

shoal of fish 

responds to food 

and predators 

differently 

Portfolio agents 

can take advantage 

of emergence. 

 

Constantly 

refine rules 

governing 

interactions to 

encourage only 

what is 

desirable  

Conduct deep dives to 

ascertain the actual causes of 

emergence and project 

success or failure 

UE3.1 

PM 

Use positive feedback to 

reinforce desirable changes  

 

UE3.2 

PM 

 

 

UE2. There is a leverage point where systems start to behave unpredictably. Several 

academics argued that a CAS has leverage points beyond which small changes escalate 

dramatically (A3, A11). For example, a two-degree increase in global temperatures 

will lead to unpredictable climate change. Similarly, in IS new technologies allow a 

cascade of unpredicted innovations (A13). The academic experts suggested that a CAS 

must identify the regions where the system acts predictably and unpredictably (A7, 

A11, A3).  

The practitioner data supported the idea of portfolio leverage points and suggested 

they are best identified by experienced agents (P8, P9, P2, P14). One practitioner 
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referred to them as pivot points and described how the radical change occurred beyond 

these points (P8).  

Practices identified to identify the regions where the system acts predictably and 

unpredictably include: 

UE2.1 Use models and simulations to identify leverage points in the portfolio (A7, 

A2, P8). 

UE2.2 Retain and develop experienced portfolio agents who recognise abrupt 

transitions (A13, P14, P6).  

UE2.3 Adjust strategy when the portfolio starts behaving unpredictably (A13, P8).  

 

UE3. Agents can shape emergence by preparing and reacting appropriately. 

According to the experts, it is possible for agents to influence the emergent properties 

of a system to suit the environment (A3, A1, A15). For example, a shoal of fish spreads 

out while feeding but bunches together when under attack. The academics suggested 

that a CAS constantly refines the rules governing interactions to encourage only 

what is desirable (A15, A3, A1, A6).  

The practitioner data also showed how portfolio agents shape emergent properties 

(P10, P9, P11). They argued that emergence does not arise by chance but is constantly 

refined and reinforced by agents promoting the behaviours they like (P9, P2). 

Furthermore, these rules must not become “invisible” (P9).  

IS PPM practices identified to constantly refine the rules governing interactions to 

encourage only what is desirable include:  

UE3.1 Conduct “deep dives” to ascertain the causes of emergence and project success 

or failure (A9, P5).  

UE3.2 Use positive feedback to reinforce desirable changes (A15, A3, P8). 

5.4.4 Path-dependent 

Section 3.7.4 operationalised path-dependence in IS PPM as meaning “the properties 

of the IS portfolio are shaped by the portfolio agents memory of past events”. The 

data relating to path-dependence and IS PPM are summarised in Table 5.4-4 and 

discussed in detail below. 
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Table 5.4-4 Path-dependent Practices 

Academic Evidence Practitioner 

Evidence 

CAS Practice IS PPM Practice 

 

Code 

PD1. Different initial 

conditions mean best 

practices cannot be 

simply copied 

between systems, 

e.g. small changes 

affect weather  

Different 

initial 

conditions 

mean best 

practices 

can’t be 

transferred 

from one 

portfolio to 

another  

Adapt practices 

to new system 

Understand how and why 

portfolio practices work in 

specific contexts before 

implementing them 

PD1.1 

PM 

Adapt best practice from 

methodologies such as agile 

rather than implementing 

standard version 

PD1.2 

PM 

Evaluate portfolio teams on 

outcomes as opposed to 

adherence to standardised 

practices  

PD1.3 

PM 

PD2. Performance is 

influenced by history 

or path, e.g. survival 

against some 

illnesses dependent 

on genetic adaptions 

Portfolio 

history 

influences its 

performance  

Acquire new 

agents and 

skills to create 

future 

opportunities 

and overcome 

weaknesses 

Consider the future 

opportunities created by new 

skills when selecting projects 

PD2.1 

PS 

Recruit staff with additional 

skills from outside the 

portfolio  

PD2.2 

RM 

Constantly review  resources 

required to maintain legacy 

projects  

PD2.3 

RM 

PD3. The System’s 

shared memory of 

past success and 

failure, helps 

decision making, e.g. 

animals new to a 

herd avoid electric 

fences tested by 

others 

Portfolio 

memory 

crucial to 

decision 

making  

Build and 

retain a 

memory of past 

success and 

failure and 

utilise it for 

decision 

making 

 

Use techniques such as pair 

programming and mentoring 

to build shared memory  

PD3.1 

RM 

Use forums  to celebrate 

success  

PD3.2 

PM 

Protect portfolio memory 

during organisational change   

PD3.3 

RM 

Utilise shared portfolio 

memory when facing difficult 

problems 

PD3.4 

RM 

 

PD1. Different initial conditions mean “best practices” cannot be simply copied. 

Many academics warned that path-dependence means practices cannot be simply 

copied between systems without tailoring (A15, A12, A1). Just as tiny changes result 

in different weather forecasts, small differences between organisations mean practices 

get different responses in different organisations (A1, A12) This means it is necessary 

to understand why as well as how practices work in a CAS (A3, A2, A1). The experts 

argued that it is necessary to adapt practices to a new system (A14, A1).  

The practitioners also rejected the idea of generalisable best practices (P8, P5, P11) 

arguing they only work with highly repeatable processes (P8, P5). Instead, they argued 

that the system needs “good practices” that work sufficiently bur can be changed (P8). 

Practices identified to adapt practices to a new system include: 
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PD1.1 Understand how and why practices work in specific contexts before 

implementing them (A14, A12, P8).  

PD1.2 Adapt best practice from methodologies such as agile rather than implementing 

standard version (A3, A14, P8).  

PD1.3 Evaluate portfolio teams on outcomes as opposed to adherence to standardised 

practices (A14, A12, P8). 

 

PD2. Performance is influenced by history. According to the experts, performance is 

path-dependent (A15, A13). For example, inherited genetic adaptions may enable a 

species to exploit a new food source. Systems can acquire skills that may “open doors” 

in the future (A13). However, if the system is lacking these skills, it cannot take 

advantage of opportunities (A13, A12, A6). The academic experts suggested that a 

system must acquire new agents and skills to create opportunities and overcome 

weaknesses (A13, A12, A6).  

The practitioner data also highlighted the influence of the portfolio history on 

performance, (P7, P6, P2). For example, one portfolio manager found his team were 

maintaining obsolete code (P9). Others argued that viable projects were rejected 

because of previous failures (P4).  

Practices identified to acquire new agents and skills to create opportunities and 

overcome weaknesses include: 

PD2.1 Consider the future opportunities created by new skills when selecting projects 

(A13, P8, P3).  

PD2.2 Recruit staff with additional skills from outside the portfolio (P2).  

PD2.3 Constantly review resources required to maintain legacy projects (A15, P8, P9) 

 

PD3. The system’s shared memory of past success and failure helps decision 

making. Several experts argued that systems retain a shared memory of past success 

and failure, independent of individual agents, which aids decision making (A5, A6), 

e.g., new cattle avoid fences that older cattle have already tested. While the 

mechanisms for this are not always understood, humans can act as sages, sharing 

memories (A2). The experts suggested that systems should build a memory of past 

success and failure and utilise it to aid decision making (A15, A5, A1, A2). 
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The practitioners also supported the importance of portfolio memory (P8, P2, P1, P6) 

and advised that it should be invoked whenever possible (P2, P3). However, 

practitioners warned that the memory is fragile (P6).  

Practices identified to build a memory of past success and failure and utilise it to aid 

decision making include:  

PD3.1 Use techniques such as pair programming and mentoring to build a shared 

memory (A15, A5, A1, P9, P8, P3),  

PD3.2 Use knowledge forums to celebrate success (P5, P2, P5, P1)  

PD3.3 Protect portfolio memory during reorganisation, e.g. by converting knowledge 

from tacit to explicit (A2, P2).  

PD3.4 Utilise portfolio memory when facing difficult problems, e.g. by adding 

experienced agents to failing projects (A9, P2). 

 

5.5 Feedback loops 

Section 2.3.5 defined Feedback loops as “loops that arise when a process is modified 

by its own results” and outlined their properties. Section 3.8 operationalised feedback 

loops as “when the portfolio outcomes modify the behaviours of those portfolio 

agents whose behaviour creates them”. The following subsections (5.5.1 - 5.5.2) 

discuss the findings relating to each of the properties of feedback loops operationalised 

in Section 3.8. 

5.5.1 Positive Feedback 

Section 3.8.1 operationalised positive feedback loops in IS PPM as “occurring when 

portfolio level outcomes result in an increase in the agent level behaviours that 

create them”. The data relating to the positive feedback and IS PPM are summarised 

in Table 5.5-1 and discussed in detail below. 

PF1. Positive feedback drives long-term behavioural change. The experts advised 

that positive feedback creates long-term change of agent behaviour within the system 

(A8, A3, A14, A11). For example, biological reward systems release “feel-good” 

chemicals to encourage repetition of desirable activities (A15). This desirable 

behaviour survives and is propagated through the system (A8). In contrast, by 

eliminating a behaviour, negative feedback cannot propagate through the system (A3). 
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Another expert explained that positive feedback can result in the system agents driving 

the system to a “winner-takes-all state”. The experts argued that a CAS uses positive 

feedback to drive long-term behavioural change (A15, A8, A11). 

The practitioners also argued that positive feedback was essential for long-term 

behavioural change (P1, P5, P3, P9, P11). One practitioner explained how positive 

feedback showed exemplars that others can learn from (P1). Others explained how 

positive feedback results in staff repeating “what works” (P9) and people learning by 

observing “celebrations” (P1). However, other practitioners cautioned that positive 

feedback is really difficult to implement (P7, P8). One practitioner pointed to a bonus 

scheme that had become a negative feedback loop as staff assumed they were 

automatically entitled to a bonus (P8).  

Practices to use positive feedback to drive long-term behavioural change include: 

PF1.1 Provide regular rewards for outstanding behaviours (A1, P1).  

PF1.2 Train staff how to give and receive positive feedback (P2, P7).  

PF1.3 Identify what staff actually value and use this in positive feedback (A1, P5, P3, 

P2). 

 

PF2. Positive Feedback results in both virtuous and vicious circles. The academics 

argued that positive feedback can lead to both virtuous and vicious circles in a system 

(A1, A7, A3). For example, in Ryan Air, positive feedback loops led to exponential 

growth, whereas, in the arms race between the USA and the USSR they drove a vicious 

circle that resulted in more and more nuclear weapons (A7). Another expert explained 

that the non-linearity arises because there is no proportionality between the feedback 

and the effect it drives (A3). Because positive feedback can be damaging, as well as 

beneficial to a system, it is crucial that agents within the system always make time to 

regularly consider the effects of positive feedback (A1, A3, A15). The experts argued 

that agents must moderate the effects of positive feedback when the system is getting 

out of control (A7, A15). 

The role of positive feedback of virtuous and vicious cycles in IS portfolios was 

supported by the practitioner data (P1, P8, P4). One practitioner described how local 

initiatives can be grown into national programs by providing them with extra resources 

(P4). However, another practitioner described how positive feedback delivered 

through a bonus scheme resulted in a less profitable product cannibalising sales of a 
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strategically important product. Furthermore, overreliance on quarterly financial 

reporting meant that managers only became aware of the problem long after corrective 

action should have been taken (P9, P7). Managers and staff are often unaware of how 

to give or receive feedback (P7). 

Table 5.5-1 Positive Feedback Practices 

Academic Evidence Practitioner 

Evidence 

CAS Practice IS PPM Practice Code 

PF1 Positive 

feedback drives 

long-term 

behavioural change, 

e.g. feel-good 

chemicals 

encourage repeat of 

desirable 

behaviours 

Positive 

feedback 

promotes the 

best staff and 

provides 

model for 

others to learn 

Use positive 

feedback to 

drive long-

term 

behavioural 

change 

Provide regular rewards for 

outstanding behaviours  

PF1.1 

PM 

Train staff how to give and 

receive positive feedback 

PF1.2

PM 

Identify what staff actually 

value and use this in positive 

feedback 

PF1.3

PM 

PF2 Positive 

feedback results in  

both virtuous and 

vicious circles, e.g. 

exponential 

shareholder growth 

or the arms race 

Positive 

feedback can 

create virtuous 

and vicious 

cycles in IS 

portfolios  

Moderate the 

effects of 

positive 

feedback 

when the 

system is 

getting out of 

control  

Promote a culture that enables 

people to speak freely when 

positive feedback causes the 

portfolio to become out of 

control  

PF2.1

PM 

Hold retrospectives to identify 

threats and opportunities from 

rapid growth 

PF2.2

SA 

PF3 Positive 

feedback uses 

metrics to support 

learning in a CAS, 

e.g. migrating 

species learn from 

survival rates 

Metrics enable 

portfolio 

learning 

through 

positive 

feedback 

Use metrics to 

support 

learning  

Use the data acquired for 

feedback for learning, not for 

measurement or reward 

PF3.1

PM 

Make feedback visible where 

possible so everyone can learn 

from it 

PF3.2

PM 

Support metrics with informal 

and qualitative forms of 

feedback  

PF3.3

PM 

PF4 Feedback 

loops  are built into 

a CAS, e.g. size of 

rabbits litters varies 

Positive 

feedback 

needs to be 

automated in 

IS PPM  

Build 

automatic 

feedback 

loops into the 

system  

Reduce the administrative 

overhead associated with 

feedback where possible 

PF4.1

PM 

Build time into schedules to 

facilitate feedback sessions  

PF4.2

RM 

PF5 Different time 

horizons exist 

within a CAS 

requiring different 

feedback loops, e.g. 

effects of the cane 

toad 

Multiple time 

horizons in IS 

PPM require 

multiple 

feedback 

loops  

Support 

multiple 

feedback 

loops across 

multiple time 

horizons  

Identify the different time 

horizons within the portfolio  

PF5.1

PM 

Use a mix of short and long-term 

metrics 

PF5.2

PM 

 

Practices identified to moderate the effects of positive feedback when the system is 

getting out of control include: 
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PF2.1 Promote a culture that enables people to speak freely when positive feedback 

causes the portfolio to become out of control (A3, P7). 

PF2.2 Hold regular retrospectives to identify threats and opportunities from rapid 

growth (A15, A1, P8). 

 

PF3. Positive feedback uses metrics to support learning. The academics emphasised 

that metrics enable positive feedback to support learning in a CAS (A7, A15, A2). For 

example, migrating species learn the best routes based on how many of the herd 

survive the journey. Furthermore, metrics are easily shared and understandable to 

everyone. Indeed, by making them visible, all the agents in a system can learn from 

feedback (A5). However, the experts warned that these metrics should only be used 

for learning about the system and not for reward (A15, A1, A2) as metric based 

rewards can result in dysfunctional behaviour and a loss of intrinsic motivation (A3, 

A15) as well as incentivising outdated behaviour (A3). The academics argued that a 

CAS uses metrics to support learning 

The role of metrics in facilitating learning in IS PPM through positive feedback was 

echoed by the practitioners (P1, P7, P8). Portfolio dashboards enable agents to learn 

both what is working and what is expected of them (P1). Feedback with objective data 

is easier to communicate and less likely to be misunderstood (P7, P8). This is 

especially important when dealing with managers and staff with strong technical but 

weak social skills (P8, P7). The practitioners also warned of the dangers of relying on 

metrics for reward as they are hard to define for intangible properties (P8, P9, P5, P7). 

IS PPM practices identified to use metrics to support learning include:  

PF3.1 Use the data acquired for feedback for learning, not for measurement or reward 

(A15, A1, A2, P1). 

PF3.2 Make feedback visible where possible so everyone can learn from it, e.g. 

displayed on screens (A5, A1, P2). 

PF3.3 Support metrics with informal and qualitative forms of feedback, e.g. with 

regular personal reviews (A3, A15, P2).  

 

PF4. Feedback loops are built into a CAS. The academics argued that feedback loops 

occur naturally in a CAS (A1, A3, A15, A6). For example, rabbits have smaller or 

larger litters depending on the availability of food in the environment. By building 
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feedback into the system, management overhead is reduced (A6). Automatic and 

instantaneous feedback means that agents are less likely to be surprised by feedback 

when it comes (A11). The experts argued that it is necessary to build automatic 

feedback loops into the system (A1, A8, A13).  

The need for automatic feedback loops in IS PPM was supported by the practitioner 

data (P1, P2, P6, P4). One practitioner suggested that by building feedback features 

into their products, they were able to identify which features users liked and which 

ones caused problems. This allowed them to reprioritise subsequent rounds of 

development (P8). Others warned that manual feedback processes were too “heavy”. 

Feedback was more effective when data were automatically captured and 

communicated (P2). The practitioners also warned that feedback is ignored when other 

work is considered more important (P9, P1). 

Practices identified to build automatic feedback loops into the system include: 

PF4.1 Reduce the administrative overhead associated with feedback where possible 

(A1, P4, P8).  

PF4.2 Build time into schedules to facilitate feedback sessions (P4, A1, P9, P1).  

 

PF5. Different time horizons exist within a CAS. The academic data warned that 

different time horizons exist within a CAS. This has implications for feedback loops 

(A7, A5, A3). For example, the cane toad reduced crop predation in the short term, 

but its long-term implications were disastrous as it removed other predators from the 

ecosystem. The experts argued that the different time horizons are particularly 

challenging in a CAS as it is difficult to predict what will happen “beyond the next 

timestamp” (A10). It is essential to understand how long an action “takes to iterate 

through the system” and ensure that multiple feedback loops are set up accordingly 

(A7). Some of the greatest innovations in IT (e.g. the Ethernet, laser printers) would 

have been cancelled if only short-term feedback been considered (A13). The academic 

experts argued that in a CAS supports multiple feedback loops across multiple time 

horizons (A7, A13) 

The practitioner data also supported the existence of multiple time horizons within IS 

PPM (P3, P5, P6, P7, P8, P9). One practitioner explained how certain behaviours 

required instant feedback, whereas long-term feedback is required for project and 

program success (P2). Many of the practitioners spoke of the importance of early 
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feedback to gauge a customer’s interest in a new project, and long-term feedback as 

to how they used it (P9, P8, P10, P14). Another practitioner argued the relative 

importance of different time horizons changes with circumstances as cash flow is more 

important than innovation in a crisis (P7).  

Practices identified to support multiple feedback loops across multiple time horizons 

include: 

PF5.1 Identify the different time horizons within the portfolio, e.g. short-term 

(regulation) and long-term (innovation) (A7, A3, P2).  

PF5.2 Use a mix of short and long-term metrics.  

 

5.5.2 Negative Feedback 

Section 3.8.2 operationalised negative feedback loops in IS PPM as “occurring when 

portfolio level outcomes result in a reduction in the agent level behaviours that 

created them”. The data relating to negative feedback loops are summarised in Table 

5.5-2 and discussed in detail below. 

NF1. Negative feedback dampens adverse behaviours. The academics explained that 

negative feedback loops dampen adverse behaviours (A2, A3, A15). For example, a 

properly functioning negative feedback loop allows hormones to control the growth 

of cancer cells. An effective negative feedback loop restrains the system “when bad 

things are happening” (A3), “prevents the accumulation of problems” (A15) “trains 

people to stay within the rules” (A14). However, the experts questioned the 

effectiveness of negative feedback, arguing that it rarely succeeds in changing 

people’s behaviour in the long term (A15, A3). The experts argued that a CAS applies 

negative feedback to make agents aware that their behaviour is undesirable (A3, 

A14, A2).  

The practitioner data highlighted the importance of negative feedback in dampening 

adverse behaviours in IS PPM (P2, P9, P6). One practitioner argued that it is 

imperative to act as soon as an inappropriate behaviour is spotted (P2). According to 

another practitioner, negative feedback is essential in PPM and can’t be “sugar-

coated” (P6). Others agreed, arguing that bad news has to be given when appropriate 

(P7,  P9). However, practitioners also highlighted challenges associated with negative 

feedback (P4, P9, P8, P11, P14), arguing that “you have already lost if you need to 
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invoke formal control processes” (P11). Another argued that HR policies are often 

“cruel” and “counter-productive” (P9). 

Practices identified to apply negative feedback to make agents aware that their 

behaviour is undesirable include: 

NF1.1 Inform agents quickly and informally when the behaviour is inappropriate (A2, 

A3, A15, P2, P7, P2).  

NF1.2 Use formal control for negative feedback as sparingly as possible, e.g. 

managing people out rather than invoke disciplinary practices (A15, P9, P11). 

Table 5.5-2 Negative Feedback Practices 

Academic 

Evidence 

Practitioner 

Evidence 

CAS Practice IS PPM Practice Code 

NF1 Negative 

feedback dampens 

adverse 

behaviours, e.g. 

hormones control 

growth of cancer 

cells 

Negative 

feedback 

used to 

control 

adverse 

behaviours in 

IS PPM  

Apply negative 

feedback to make 

agents aware that 

their behaviour is 

undesirable  

Inform agents quickly and 

informally when the 

behaviour is inappropriate  

NF1.1 

PM 

Use formal control for 

negative feedback as 

sparingly as possible  

NF1.2 

PM 

NF2 Stabilises a 

CAS in real time 

(homeostasis), e.g. 

control rods 

regulate nuclear 

reaction 

Negative 

feedback 

stabilises the 

portfolio by 

maintaining 

focus on 

objectives   

Use negative 

feedback to 

stabilise the system  

Prioritise formal control 

when system is in danger of 

descending into chaos  

NF2.1 

PM 

Balance negative feedback 

against need for change  

NF2.2 

PM 

NF3 Provides 

comfort to external 

stakeholders, e.g. 

shareholders need 

reassurance on 

financial control  

Control 

provides 

comfort to 

portfolio 

managers  

 

Provide comfort to 

managers while 

creating a 

protective space 

where agents are 

insulated from 

unnecessary control  

Train managers to be 

comfortable with less 

control  

NF3.1 

RM 

Reduce formal portfolio 

reporting to the minimum 

level possible 

NF3.2 

PM 

 

NF2. Negative feedback stabilises a CAS in real time. The experts explained that 

negative feedback or control loops stabilise a CAS in real time (A2, A5, A15), just as 

control rods regulate the speed of a nuclear reaction. According to one expert, control 

can eliminate “whiplash” effects from systems where small changes cause bottlenecks 

(A6). Another expert argued that control restrains the system (A3, A12). However, 

experts warned that stability may be undesirable in a CAS (A3, A14). They argued 

that a CAS uses negative feedback to stabilise the system (A2, A5, A15). 

The practitioners also highlighted the use of negative feedback to stabilise the portfolio 

(P1, P4, P8). For example, quarterly KPI reports kept the portfolio aligned with 
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strategic objectives (P1). Another expert suggested that negative feedback exercised 

through formal control resulted in a more stable portfolio (P4). However, the 

practitioners highlighted a trade-off between stability and performance. One 

practitioner described how constant control “gives stability, but can reduce 

performance” and can lead to a “moribund” portfolio (P9). Others argued that stability 

may be more desirable in some industries than others (P11, P14). 

Practices identified to use negative feedback to stabilise the system include:  

NF2.1 Prioritise formal control when the system is in danger of descending out of 

control, e.g. strict budget controls introduced on problem projects (A2, A15, P7).  

NF2.2 Balance negative feedback against the need for change (A3, A1, P8), e.g. 

portfolio uses less control on explorative projects than exploitative projects (P5). 

 

NF3. Provides comfort to external stakeholders. The experts argued that negative 

feedback, or formal control, can satisfy the concerns of external stakeholders, such as 

shareholders (A1, A5, A14). One expert argued that “control forms the basis of 

existing project management practices” (A14). Another argued that “some degree of 

control stops managers getting too nervous”. However, this expert argued that people 

are “wedded” to control whether it is needed or not” and described the need to protect 

teams from the damaging effects of too much control by “nervous managers who want 

to grab hold of the system” (A1). The academics argued that systems must provide 

comfort to managers while creating a protective space where agents are insulated 

from unnecessary control (A2, A3).  

The practitioner data supported the idea that control provides comfort to managers 

(P11, P1, P2). For example, one practitioner complained they had no problem with 

project failure, whereas an “out of control” project reflected poorly on everyone (P2). 

Others admitted that they had many formal control mechanisms that provided comfort 

even though they were beaver used (P9, P8). However, because too much control can 

cause atrophy, managers “need to protect their teams while demonstrating success to 

doubters” (P1). 

Practices identified to provide comfort to managers while creating a protective space 

where agents are insulated from unnecessary control include: 

NF3.1 Train managers to be comfortable with less control (A1, A14, P9).  

NF3.2 Reduce formal portfolio reporting to the minimum level possible (P3, P6). 
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5.6 Summary 

This chapter analysed the 30 expert interviews to identify a framework of practices to 

support IS PPM as a CAS and to enable its four components. This was done modularly, 

examining each of the main CAS concepts and its properties in turn. The results are 

summarised in a set of 18 tables that show high-level CAS practices and IS PPM 

practices. Each of the IS PPM practices is categorised into one of the four IS PPM 

components. In total 69 high-level CAS based practices were identified. These 

practices were used to identify 162 IS PPM practices across the four components of 

IS PPM. The practices were aggregated into a single framework, referred to as the 

Complex Adaptive Systems Project Portfolio Management Practice Framework, or the 

CAPPP Framework. The CAPPP framework is illustrated in Figure 5.6-1 and 

presented in full in Appendix J - Appendix N. The inner ring presents the main 

concepts of CAS, The middle ring represents CAS practices, and the outer ring 

represents the specific IS PPM practices. 
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Figure 5.6-1 The CAPPP Framework 
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 Chapter 6: The Health Service Executive Case 

Study 

6.0 Introduction 

The chapter describes an illustrative case study of IS project portfolio management in 

the Irish Health Service Executive (HSE). Its purpose is to address the fourth research 

objective of this study, presented in Section 1.3, namely, to demonstrate the 

application of the CAS PPM Practice (CAPPP) Framework (developed in Chapter 5). 

This case study illustrates how the CAPPP framework can be used to examine the 

appropriateness of existing IS PPM practices are and to identify areas where new 

practices are required. Furthermore, it develops a set of recommendations to assist 

other researchers and practitioners in applying the framework. While the framework, 

can be applied to any of the four competency areas, in this case study, the focus is 

solely on the examination of IS PPM resource management in the HSE.  

The rest of this chapter is laid out as follows. Section 6.1 presents the background to 

the case. Section 6.2 justifies the focus on resource management. Sections 6.3 - 6.7 

use each of the five parts of the CAPPP Framework, to identify HSE resource 

management practices and to identify areas where additional practices may be 

required. Section 6.8 discusses the impact of the case study on the HSE. Section 6.9 

summarises the chapter.  

6.1 Case Background 

The Change and Management Portfolio (CMP) Function of the HSE is the focus of 

this case study. The HSE is responsible for the publically funded provision of health 

and social services for Irish citizens. The HSE was established in 2004, replacing 10 

regional health boards. With over 67,000 direct employees and another 40,000 in 

organisations it funds, the HSE is Ireland’s larger employer. Furthermore, with a 

budget of over 13 billion euro per annum, it is the country’s largest public sector 

organisation. The HSE is accountable to the Irish Minister for Health through its 

Director General. Sixteen directorates exist within the HSE, including the Office of 

the Chief Information Officer (OCIO). The OCIO operates under the label eHealth 

Ireland. Ehealth Ireland is responsible for all IS expenditure in the HSE and the 
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delivery of technology to support healthcare in Ireland. This includes “all voice, video 

and data communications technologies and provides one central management point 

for all purchases of hardware, software, telecommunications, ICT developments and 

advisory services” (HSE, 2016) to ensure that technology supports healthcare 

efficiently and effectively across the healthcare system. 

The eHealth Ireland IS portfolio is managed by the Change and Portfolio Management 

Function (CMP). The role of CMP is to facilitate an end-to-end view of projects, from 

inception right through service delivery. It is tasked with delivering “project, 

programme, portfolio and change management” to the HSE by drawing on the 

expertise of its entire pool of ICT Project and Programme management professionals. 

While the CMP is the focus of this case study, where necessary, documentation and 

interviews were sought with staff outside this function whose roles meant they were 

closely involved in the PPM process. The structure of CMP and its relationship with 

the rest of eHealth Ireland (and the overall HSE) is shown in Figure 6.1-1.  

 

Figure 6.1-1 Change Management Portfolio and its Relationship with the HSE 

In total eight people were interviewed across five geographical sites. The justification 

for selecting these participants was explained in Section 4.4.2.  The background of the 

participants is shown in Table 6.1-1. 

Table 6.1-1 Participants in Case Study 

Job Title Role Site 
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Resource Manager  Responsible for ensuring portfolio resources used 

appropriately 

1 

Senior ICT Projects Officer Project Manager 2 

Senior PMO Specialist Responsible for establishing a project management 

office (PMO)  

3 

Senior PMO Specialist Responsible for portfolio level financial reporting 1 

Head of Planning Member of senior management team 4 

PMO Analyst Assisting in setting up the PMO 1 

Director of Change and 

Portfolio Management 

Leads the Change and Portfolio Management 

Function 

1 

Hospital Medical Consultant Medical Doctor, Clinical lead on Project 5 

 

6.2 Resource Management in the HSE Portfolio  

Before commencing formal data collection, a preliminary planning meeting was 

conducted between the researcher, the Director of Change Portfolio Management and 

the Senior PMO specialist to discuss the scope of the case study. After this meeting, it 

was decided that the primary focus of the case study would be resource management 

for several reasons. 

 The participants indicated that this area was where research would provide 

the most benefit to the host organisation. This was supported in subsequent 

interviews. For example, one participant suggested that they needed “a lot 

of help with resource management” (H5), another stated that complaining 

about a lack of resources “had become a mantra” that needed to be 

overcome (H7). 

 IS resources had been significantly underfunded within the HSE for a 

substantial period. However, improved economic conditions meant 

increased resources are becoming available, and it is essential for patient 

welfare that the portfolio maximise the benefit of these resources 

 The initial meeting showed that project selection and strategic alignment 

were both highly regulated by external government agencies. Furthermore, 

performance management was the subject of tricky negotiations with 

unions and considered too politically sensitive to investigate at this point. 

Therefore, a review of their project selection, performance management 

and strategic alignment practices was considered of limited value.  
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 The participants and researcher agreed that due to limits on the availability 

of participants it would be better to probe deeply into a single component, 

rather than attempt to cover all four. 

Section 3.3.2 defined resource management in IS PPM as aligning resources to 

opportunities that provide the greatest strategic benefit as well as the maximisation 

and utilisation of resources available to the portfolio. In this study, resources can be 

financial, physical or human. While this study treats individuals and teams as agents, 

their time is a scarce resource that must be managed effectively.  

Each resource management practice identified in the HSE IS portfolio is numbered 

according to its high-level CAS practice, for example, under agent autonomy, AA2.H2 

refers to the second HSE practice identified to support the practice AA2. The practices 

are presented in a set of tables alongside the general CAPPP practices identified in the 

previous chapter. Each table represents one of the 18 properties of the five CAS 

concepts. While this study focuses on resource management, CAPPP practices for the 

other components (e.g. performance management (PM)) are also included as they may 

be supported by resource management practices. Where no resource management 

practice is identified to support the CAPPP practice, the text “No Resource 

Management Practice Identified” is entered in the relevant table. If existing HSE 

resource management practices conflict with CAPPP practices, that is noted in the 

relevant table 

6.3 Agents 

The practices relating to agents and their properties were identified in Section 5.1.1 - 

5.1.5 and summarised in Table 5.1-1 - Table 5.1-5. Sections 6.3.1 - 6.3.5 illustrate the 

application of these in the HSE IS Portfolio for each of the five properties of agents in 

CAS. 

6.3.1 Agent Autonomy 

AA1. When asked how to encourage agents to search continuously for new solutions 

some participants highlighted several resource management practices (H1, H3). 

Despite established practices such as demarcation and adherence to strict financial 

rules (H1, H2, H4) acting as a barrier to autonomous exploration, it was argued that 

management is becoming more tolerant of failure when staff attempt new things (H3). 
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A “quality innovation corridor” (QIC) fast tracks explorative projects with budgets 

under €25,000 (H1, H3, H5). These projects can be approved within the portfolio 

without sign-off from the Digital Governance Oversight Unit (DGOU). This new 

innovation is radically at odds with traditional portfolio management practices in a 

public sector environment. While the cost of this measure is relatively small, it has 

enthused clinical stakeholders to engage with the IS portfolio and propose solutions to 

problems improving the utilisation of portfolio resources (H8).  

AA2. The evidence showed that the portfolio was attempting to calibrate agent 

autonomy for different agents and the environment. The autonomy to use financial 

resources has been reduced to a level appropriate for the public sector environment. 

Arising from past failures, strict controls budgetary controls have been introduced with 

the DGOU having final responsibility for resource allocation (H2, H7). This has 

helped align resources with strategic goals. This has increased the confidence felt by 

external stakeholders and resulted in more resources being made available (H2, H3). 

For individual staff, formal autonomy levels depend on their grade in the hierarchy. 

However, in reality, each staff member is managed according to their ability - “horses 

for courses – with some people you have to tell them how to put one foot in front of 

another”. For example, high performing staff are given the freedom to initiate projects 

through the QIC, whereas low performing employees have less autonomy. (H3). 

 

AA3. Portfolio resource management practices have helped create an enabling 

environment that allows agents to achieve their goals. There has been considerable 

investment in streamlining PPM processes so staff can “get on with their jobs” (H4, 

H1). Significant investment has been made to create an office space that enables staff 

work productively (H3, H5). According to one participant this “makes it 100% easier 

to do my job” compared with the “archaic” facilities that were in place (H3). Attempts 

have been made to address limitations in infrastructure by providing investment to 

merge and upgrade IT networks. This improved infrastructure, such as Microsoft 

Project Online, enabled the portfolio management team to identify under-utilised staff 

and to align them with more strategic tasks (H3, H2).  
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Table 6.3-1 Autonomy 

General IS PPM Practice HSE Resource Management Practice 

AA1. Encourage agents to search continuously for new solutions 

AA1.1 Reward exploratory behaviour even 

when unsuccessful  (RM) 

AA1.H1. Management accepts a level of failure on 

small innovative projects  

AA1.2 Use flexible job specs focused on 

purpose, which can adapt to the changing 

environment (RM) 

No Resource Management Practice Identified 

AA1.3 Use flexible project selection 

criteria focused on purpose, which can 

adapt to the changing environment (PS) 

AA1.H2. QIC fast tracks explorative projects with 

budget less than €25,000 

AA2. Calibrate agent autonomy for individual agents and environment 

AA2.1 Calibrate autonomy appropriate to 

environment  

AA2.H1 Autonomy over financial resources set at 

level appropriate to public-sector 

AA2.2 Calibrate autonomy for  individual 

agents 

AA2.H2 Level of autonomy for individual staff 

informally determined by their performance 

AA3. Create an enabling environment that allows agents achieve their goals 

AA3.1 Shift the portfolio manager’s focus 

from control to motivation (PM) 

AA3.H1 Processes are streamlined to free staff time 

for important tasks 

AA3.2 Task the PMO with creating an 

environment where agents can work 

effectively  (PM) 

AA3.H2 An appropriate office space is provided to 

enable productivity 

AA3.3 Provide staff with the necessary 

infrastructure (RM) 

AA3.H3 Provision of adequate IT infrastructure 

enables portfolio to utilise and align resources 

AA4. Overcome agents’ need to control or be controlled 

AA4.1 Recruit, retain and promote staff 

comfortable with autonomy (RM) 

AA4.H1 Promotions are used to reward staff who 

work autonomously 

AA4.2 Create protective space where 

agents focus on challenges, free from 

constant interruption (PM) 

AA4.H2 Senior management constantly encourage 

staff to work autonomously 

AA4.3 Create a translational layer to 

satisfy external reporting requirements 

(PM) 

AA4.H3 Portfolio managers act as translational layer 

to satisfy stakeholders and improve trust 

AA5. Establish mechanisms for collective decision making 

AA5.1 Use informal communications to 

help make collective decisions around 

project selection (PS) 

AA5.H1 Resource allocation is conducted in 

collaboration with DGOU and supported by informal 

communications 

AA5.2 Reward teams who make effective 

group decisions (PM) 

No Resource Management Practice Identified 

AA5.3 Restrict the escalation of decisions 

to certain thresholds or situations where 

consensus is not possible (PM) 

AA5.H2 Portfolio management team decides on 

resource allocation for projects less than €25,000 

 

AA4. The portfolio exists in a hierarchical organisation and participants 

acknowledged that it struggled to overcome agents’ need to control or be controlled. 

Indeed some were surprised at the need for the practice as they felt control was 

essential in a public organisation (H4). Participants argued that some managers were 

“control freaks” (H3) and staff were “institutionalised” (H1), stuck “talking the 
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language of the 70’s and the union” (H3). To address this, recent promotions were 

used to reward people who “get it and get on with it” (H1, H3). Also, senior 

management use “all-staff days” to constantly reiterate a new type of leadership that 

expects autonomy (H3). Furthermore, the portfolio worked closely with the DGOU to 

create trust and reduce the need for control.  

AA5. The portfolio is working to establish mechanisms for collective decision 

making. This is only now being expanded to resource management. For a decade, 

resource allocation was imposed by the DGOU (H2, H3). However, while resources 

must still be approved by the DGOU, it is now done collaboratively, and the portfolio 

can discuss and resubmit requests previously rejected (H2). The “QIC” has given the 

portfolio autonomy over resource allocation below a certain threshold, and this is done 

collaboratively by the senior management team and the service directors (H1, H3). 

6.3.2 Common Purpose 

CP1. Portfolio practices to establish a common purpose to align behaviour with 

system goals related mainly to performance management and strategic alignment (H3, 

H7, H2). However, the establishment of purpose required managers to be trained “to 

understand the portfolio vision” and allow them “see the big picture” (H3). 

Furthermore, training is provided to make the purpose common to all staff and enable 

them to interpret how it affects their day to day operations (H4, H7). Senior managers 

argue these practices are effective as a higher proportion of requests for resources are 

consistent with portfolio purpose and are being funded by DGOU (H2). 

CP2. Some resource management practices were identified in response to questions 

about how to use a common language, stories, and images to help share a common 

purpose.  It was explained that the CIO was creating a “common language around 

patient needs” (H7) and “new narratives or images” for the IS portfolio in the health 

service (H4). This story is communicated by the CIO and other managers as often as 

possible using videos, the organisation’s website (H6), social media (H1), staff 

induction, and word of mouth (H1, H2, H3, H4, H7). For example, the video 

describing the “story so far” is shared across the OCIOs social media platforms and 

staff are encouraged to discuss it with each other and senior management (H1, H3).  
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Table 6.3-2 Common Purpose 

General IS PPM Practice HSE Resource Management Practice 

CP1. Establish a common purpose to align behaviour with system goals 

CP1.1 Translate organisation purpose to 

portfolio purpose which aligns all portfolio staff 

with the overall organisational mission (SA) 

CP1.H1 Managers are trained to understand 

portfolio vision and translate it to purpose 

CP1.H2 Training sessions are used to share 

purpose between all portfolio staff  

CP2. Use a common language, stories, and images to help share a common purpose 

CP2.1 Portfolio manager acts as story-teller-in-

chief expressing purpose as a story or visual 

image and using every opportunity to articulate 

this purpose (SA) 

CP2.H1 Resources are provided to allow CIO 

communicate common purpose as a story in an 

easy to share video format 

CP2.2 Articulate purpose in a language based on 

customer or end-user needs  (SA) 

CP2.H2 Purpose is packaged as an easy to share 

video based on patient needs 

CP2.3 Encourage staff to share purpose with 

their connections especially face to face (SA) 

CP3.H3 Managers encourage staff to share and 

discuss the  portfolio story 

CP3 Reinforce purpose constantly by rewarding altruism and by punishing selfishness 

CP3.1 Reward, retain and promote staff for their 

contribution to portfolio purpose as opposed to 

the achievement of individual goals (RM) 

CP3.H1 Only those staff who focus on achieving 

the portfolio purpose are promoted 

CP3.H2 Resources are allocated only to projects 

and teams that show alignment with purpose 

CP3.2 Empower staff to reward their peers for 

altruistic behaviour (RM) 

No rewards available 

CP3.3 Isolate or exclude staff who continuously 

undermine purpose through selfish action  (RM) 

HR policies prevent managers from acting 

CP3.4 Immediately discourage staff from 

behaviours not conducive to achieving portfolio 

purpose  (RM) 

HR policies prevent managers from acting 

CP4 Revise the common purpose regularly in response to internal and external changes 

CP4.1 Conduct regular reviews of portfolio 

purpose in light of changing environment (SA) 

Portfolio strategy and purpose rarely revises 

CP4.2 Enable bottom-up communications for 

staff to highlight inconsistencies or shortfalls in 

purpose (PM) 

Staff not expected to highlight problems with 

strategy 

CP4.3 Maintain alignment between purpose 

internal and configuration of the portfolio (RM) 

No Resource Management Practice Identified 

 

CP3. There was little evidence of portfolio level resource management practices to 

reinforce purpose constantly by rewarding altruism and punishing selfishness. 

While managers suggested that the promotion scheme was starting to reward altruism 

by promoting the people who “get” the portfolio purpose and align themselves with 

strategy (H1, H3), one lamented that they could not “financially reward people for 

doing the right thing” (H3). Another participant argued “the reward for doing a good 

job was more work” (H1). The punishment of selfish behaviour was also problematic 

as managers felt like “they were walking on eggshells” when dealing with bad 
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behaviour (H6) and often sought to avoid conflict HR, or the unions “by turning a 

blind eye to problem staff”. Also, resource management practices helped reinforce the 

purpose by allocating resources to projects and individuals who are aligned with 

organisational strategy as opposed to political projects or selfish behaviour (H1). 

CP4. There was little evidence that the HSE revise the portfolio purpose regularly in 

response to internal and external changes. It was more important to maintain “tunnel 

vision” and use resources for the exact reason they had been allocated, rather than 

revise the purpose in responses to changes in the environment or capabilities of the 

portfolio (H3, H4). While the staff were encouraged to share the portfolio purpose, 

they did not feel they were expected to contribute to its evolution (H4).  

6.3.3 Self-organisation 

SO1. The data showed that only informal portfolio level resource management 

practices existed to give agents appropriate flexibility to self-organise in response to 

temporary challenges. One manager explained that “such flexibility to self-organise 

does not completely exist” (H3). However, participants described how some staff had 

taken on roles informally by “acting up” into a higher grade (H7, H2). This ensured 

projects had a manager in place, so they could continue to draw resources (H2).  

However, even this practice was restricted to existing positions and could not be used 

to temporarily fill new posts (H2). Furthermore, it was explained that those staff who 

did express a willingness to move were often blocked by their managers (H1, H5).  

SO2. During the financial crisis, resource management practices were enacted to 

constrain resources to encourage co-operation between agents. A recruitment 

embargo meant that posts could not be filled, forcing units to co-operate (H3). It was 

argued that this resulted in a shortage of project management resources which forced 

the merger of projects (H1). This enabled the portfolio to maintain the same level of 

service with fewer resources (H2, H3). However, another participant argued that “the 

organisation was springing back into its old shape” (H3), highlighting the challenge 

in creating long-term sustainable arising from the resilience of complex portfolios.  
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Table 6.3-3 Self-Organisation 

General IS PPM Practice HSE Resource Management Practice 

SO1. Provide the appropriate flexibility to allow self-organisation occur around the appropriate 

agents in response to temporary challenges 

SO1.1 Create flat structure where portfolio 

agents supported by leadership training move 

between roles as the situation demands (PM) 

SO1.H1 Staff act up by informally covering 

unfilled management positions 

SO1.2 Determine which parts of the portfolio 

are suitable for self-organisation  (PM) 

No Resource Management Practice Identified 

SO1.3 Provide portfolio teams with discretion 

to decide what they do and how they do it (PS) 

No Resource Management Practice Identified 

SO2. Constrain resources to encourage co-operation between agents 

SO2.1 Encourage agents to compete to get on 

the best projects by limiting the number of  

projects available (PS) 

SO2.H1 An embargo on filling non-essential 

posts encourages the merger of projects 

SO3. Move agents around the network to find a better place for their skills 

SO3.1 Support mobility if agents wish to 

volunteer for new self-organizing projects (RM) 

SO3.H2 Support is articulated by CIO for 

flexibility  

SO3.H3 Management creates a list of staff 

willing to move 

SO3.2 Add agents with a large network to 

important projects (RM) 

Project resources primarily determined by 

availability 

SO3.3 Encourage agents to build large personal 

networks (RM) 

SO3.H1 Resources provided to help staff create 

personal networks 

SO4. Facilitate preferential attachment of similar agents through tagging and increased mobility 

SO4.1 Use mechanisms such as badges or 

special interest groups to allow portfolio agents 

recognise other similar agents with required 

skills (RM) 

SO4.H1 Internal social media site is used to 

promote networking  

SO4.H2 Map of portfolio communication 

channels created to recognise similar staff with 

required skills  

SO4.2 Engage in team-building exercises that 

enable portfolio agents to identify common 

interests that may result in collaboration (RM) 

SO4.H3 Resources and training are provided to 

support effective networking at all staff days 

SO5. Agree on common standards where possible to facilitate self-organisation 

SO5.1 Implement common standards for 

architecture, coding and governance across the 

portfolio  (PM) 

SO5.H1 Portfolio is adopting portfolio-wide 

governance standards for project management  

SO5.H2 Cloud only procurement policy used to 

create standardised architecture across portfolio 

SO5.2 Standardise and restrict team sizes (RM) No Resource Management Practice Identified 

SO5.3 Restrict the number of teams interacting 

with each other on a regular basis (RM) 

No Resource Management Practice Identified 

 

SO3. Some portfolio resource management practices existed to move agents around 

the portfolio to find a better place for their skills. Generally, staff availability, rather 

than skills or size of their networks was the principal concern when resourcing projects 

(H3, H6). However, resources are provided to promote network building (H3, H2). 
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Furthermore, one participant explained that the CIO is demanding that there is support 

for increased mobility between projects (H1). Management has created a list of people 

willing to move (H3). However, there was widespread resistance to releasing staff 

(H1, H5). One participant explained that while they might identify someone who 

would perform better in a different role, “no one wants to get dragged into a fight with 

HR or the unions, so it is easier get a contractor” (H1). This has resulted in staff being 

demotivated and underperforming in unsuitable roles (H5, H1). 

SO4.There was some evidence of practices to facilitate preferential attachment of 

similar agents. An internal social media site had also been established which helped 

people identify people they could work with. However, the refusal of managers to 

sanction staff moving made it difficult for preferential attachment to occur. The 

portfolio has engaged consultants to map the organisation and its communications 

channels. This is intended to facilitate people identifying others with skills they need 

(H1). Also, extra resources and training were provided to support genuine networking 

at “all-staff days” to help staff to identify potential collaborators (H3).  

SO5. When questioned about how the portfolio members agree on common standards 

to facilitate self-organisation, the participants admitted that current level of 

standardisation was “very low” (H7, H3). However, portfolio management was 

working to introduce a degree of standardisation. The portfolio was adopting the 

PRINCE2 portfolio management governance framework (H7). However, the size of 

teams had not been considered (H3). This framework will form the basis for creating 

technical and management standards (H3), “embedding a standardised project 

management capability into teams so they can self-manage” (H3). However, while 

this would provide standardisation, its prescriptive nature may impair the flexibility 

required by other practices. Another participant explained how the “cloud only” 

procurement policy was helping to create a standardised architecture across the 

portfolio and helping hospitals work together (H4, H7). 

6.3.4 Requisite Variety 

RV1. The portfolio does not have the necessary resource management practices to 

match diversity of agents with environmental complexity. Throughout the economic 

downturn, a recruitment moratorium was enforced, leaving the organisation 

“moribund, full of grey hair” (H3). The portfolio had not taken on new staff for around 
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8 years and had no one who is “current” (H5). To address this, a new operating plan 

has been developed to identify the necessary resources for the environmental 

challenges the portfolio faces (H3). However, while the moratorium had been lifted, 

trade union representatives were insisting that senior posts be filled internally, further 

reducing the opportunity to improve diversity (H3, H2, H5).  

Table 6.3-4 Requisite Variety 

General IS PPM Practice HSE Resource Management Practice 

RV1. Match diversity of agents with environmental complexity 

RV1.1 Attempt to attract a more diverse range 

of graduates if in dynamic environment (RM) 

RV1.H1 The operating plan identifies a wide 

range of skills needed to achieve changing goals 

RV2. Modify existing agents and import new agents to maintain diversity 

RV2.1 Provide continuous learning and 

development for all agents to prepare them for 

new challenges (RM) 

RV2.H1 Large training budget is available for 

continuous training for existing staff 

RV2.2 Provide agents with cross training in 

different roles (RM) 

RV2.H2 Clinical staff are provided with project 

management training 

RV2.3 Move agents around, into and out of the 

portfolio with a managed turnover (RM) 

Managed staff turnover not possible 

RV2.4 Recruit portfolio agents from multiple 

sources (RM) 

RV2.H3 Contractors recruited from variety of 

industry sources to provide missing skills 

RV3. Create an ecosystem rich in resources to attract the best agents 

RV3.1 Run some exciting projects that attract 

and retain ambitious portfolio agents and result 

in further exciting projects  

Scope of projects unlikely to attract creative 

people 

RV3.2 Provide mix of remuneration and 

benefits consistent with similar portfolios 

outside the organisation (RM) 

RV3.H1 Portfolio offers extremely attractive 

salary, pension and working conditions 

 

RV2. The portfolio has some resource management practices aimed to modify existing 

agents and import new ones to maintain diversity. Restrictions on recruitment and 

permanent jobs made the enactment of a managed staff turnover impossible (H2, H3). 

A large budget for training and development had been made available to help existing 

agents develop new skills (H5, H7). Specific training around Microsoft Project Online 

and PRINCE2 was being rolled out for all staff (H3, H1). Contractors, with a wide 

range of industry experience, are being brought in to provide new skills while 

recruitment issues with the union are resolved. This has enabled the portfolio to 

proceed with the establishment of the PMO and the portfolio maturity assessment 

(H7). Clinical staff are being cross-trained is project management skills to help them 

integrate with project teams (H3). However, many of the initiatives to maintain or 

increase diversity are blocked by inflexible recruitment practices and problems with 

labour relations (H2, H3). 
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RV3. The case study identified practices intended to create an ecosystem attractive to 

the best agents. Salaries, benefits, such as pensions, and flexible working conditions 

were extremely attractive (H2, H7) compared to the private sector (H1). However, 

while the portfolio had a huge number of projects, one participant acknowledged that 

the scope of work could not hope to satisfy really creative people (H2). 

6.3.5 Agent Adaptiveness 

AD1. There was little evidence that the portfolio had resource management practices 

to develop, use and continuously revise a multi-objective fitness function that aligns 

agent goals and system purpose. Indeed, any measurement was scarce. One 

participant explained that he was “unsure how suitability was measured and not that 

interested as the unions probably block it” (H7). Another confirmed, “we don’t collect 

data…we never have” (H5). The absence of clear metrics made it hard for staff to 

measure the alignment of their goals and behaviours with purpose (H7).  Rather than 

staff focusing on multiple objectives, it was argued that the need to spend the budget 

always outweighs everything else (H3, H2, H4). However, senior managers have 

started to seek out particular desirable characteristics and behaviours in recent 

promotions (H1, H3). However, this was done in an ad-hoc way (H3) and pay 

increments were paid annually regardless of the employees’ alignment to portfolio 

purpose.  

AD2. There was only limited evidence of resource management practices to use the 

fitness function to exclude agents who fail to improve their fitness. One participant 

explained that public sector permanent contracts equated to “jobs for life”. This means 

“extinction does not exist here” (H3) and managers “do not have the ultimate sanction 

of firing people” (H7). Another noted that when redundancies did occur, they were 

“completely chaotic”, making no attempt to differentiate between staff (H3). Indeed, 

those with a high level of fitness were more likely to leave as they could find work 

elsewhere. However, improvements are being made. Training is now available to all 

portfolio staff, and those who failed to avail of it cannot apply for promotion.  
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Table 6.3-5 Adaptiveness 

General IS PPM Practice HSE Resource Management Practice 

AD1. Develop, use and continuously revise a multi-objective fitness function that aligns agent 

goals and system purpose 

AD1.1 Identify the multiple metrics that support 

financial performance and innovation (PM) 

Measurement is scarce 

AD1.2 Promote, reward and retain agents by their 

performance against the fitness function (RM) 

AD1.H1 Promotion is reserved for 

people who meet set criteria 

AD1.3 Provide continuous feedback to agents on their 

performance (PM) 

Lack of metrics makes feedback difficult 

AD1.4 Revise the fitness function regularly in light of 

changing environment (PM) 

No Resource Management Practice 

Identified 

AD2. Use the fitness function to exclude agents who fail to improve their fitness 

AD2.1 Retain and reward only the portfolio agents that 

display a capacity to change or adapt, e.g. managed 

staff turnover (RM) 

AD2.H1 Only staff who demonstrate 

capacity to change by taking training are 

eligible to apply for promotions 

AD2.2 Make regular continuous professional 

development available to all portfolio agents (RM)  

AD2.H2 Continuous professional 

development training for all staff 

AD3. Encourage high performing agents to continue to adapt 

AD3.1 Provide funding for additional training courses 

as rewards  (RM) 

AD3.H1 Training is prioritised for high 

performing staff 

AD3.H2 Professional development 

framework rewards staff who adapt 

AD3.2 Identify the appropriate balance between 

adaptability and performance optimisation 

AD3.H3 Professional development 

framework incentivises performance and 

adaptiveness 

AD4. Encourage agents to perform gradual experiments in response to environmental change 

 AD4.H1 Quality information corridor 

gives staff freedom to experiment in 

response to changes 

AD4.1 Provide portfolio agents with a career 

development roadmap with small milestones (RM) 

AD4.H2 Professional Development 

Framework creates milestones for staff 

AD4.2 Ensure that effective changes are promptly 

rewarded with positive feedback and small tokens 

(RM) 

No scope to reward staff 

AD5. Create and retain experienced agents 

AD5.1 Encourage portfolio agents to get as wide a 

range of experiences as possible (RM) 

AD5.H1 Staff are encouraged to 

experiment with new roles by acting up 

AD5.2 Encourage experienced portfolio agents to act 

as sages for new teams  

AD5.H3 Short-term contractors with 

required experience are brought in  

AD5.3 Dismiss portfolio agents that do not 

demonstrate a capacity to continue to learn (RM) 

Permanent contracts prevent dismissals 

 

AD3. There was some evidence of resource management practices to encourage high 

performing agents to continue to adapt. While training is available for all staff, it was 

prioritised for staff who perform well (H1), and it was claimed that promotions are 

limited to people who embrace change (H1, H3, H7, H2). This has already resulted in 

an end to “time-based promotion” (H1, H3) and is helping the “cream rise to the top” 
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(H3). A professional development framework (PDF) was being developed that 

incentivises performance and adaptiveness (H3). This PDF has the potential to create 

widespread change. However, its development is still in its infancy, and other effects 

have not been identified yet.  

AD4. Some resource management practices were identified to encourage agents to 

perform gradual experiments in response to environmental changes. The QIC 

provided staff with an opportunity to create small experiments to tackle problems that 

arose after the budgeting process (H1, H3). Some staff had the opportunity to build 

competence by “acting up” into management roles when new projects were created in 

response to change (H5, H2). Furthermore in the nascent professional development 

framework was creating career milestones for staff (H3). However, the regimented 

scope of projects restricted the amount of experimentation possible as “you have to 

deliver what you get the money for” (H2). Furthermore, there was no scope to reward 

individual staff even with small tokens (H3, H2). 

AD5. The portfolio had some resource management practices to create and retain 

experienced agents. Training was being rolled out to all staff to build experience (H7, 

H3, H5). Experienced managers were recruited as short-term contractors (H3, H5). 

These contractors helped to build the PMO, by bringing in skills from portfolios with 

a higher level of maturity (H1, H7). The portfolio has a high level of staff retention. 

However, generous pensions, permanent contracts and flexible working conditions 

meant it was questionable whether the portfolio retained the appropriate staff (H3).  

6.4 Environment 

The practices relating to agents and their properties were identified in Sections 5.2.1 - 

5.2.4 and summarised in Table 5.2-1 - Table 5.2-4. Sections 6.4.1 - 6.4.4 illustrate the 

application of these practices in the HSE IS Portfolio for each of the four properties of 

the environment in CAS. 

6.4.1 Open Boundary 

OB1. There is some evidence to show that the HSE has started to create a protective 

space where agents can safely access resources. One participant explained that the 

Department of Heath “finally got the message that we must be free of politicians” and 

their “constant interference was counter-productive, making the system inefficient”. 
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He explained that the HSE is now protected by legislation from undue influence. 

Politicians are prevented from interfering with projects with unrealistic demands or 

attempts to reallocate resources (H4). Furthermore, portfolio managers were granted 

limited permission to retain financial resources that were unspent in the budget period. 

This allowed portfolio managers take a long-term view, with some projects 

rescheduled to make better use of limited resources (H2).  

OB2. Portfolio resource management practices were not well suited to import 

resources and export waste continuously. Tight restrictions around the budget made 

it hard for the portfolio to access financial resources (H3, H7) and restrictions on what 

they could use their budget for meant some projects were left without the necessary 

physical resources (H2, H6). Despite the recruitment embargo being lifted 12 months 

previously, restrictive recruitment policies and union disputes meant no new 

permanent staff had been recruited yet (H3). This was addressed on a temporary basis 

by short-term contractors (H1, H3, H5, H2, H7). Also, because a “blind eye” was 

turned to problems and difficult staff could not be made redundant, there was a build-

up of “political problems” (H1). Another participant described the failure to close 

projects as “detritus” (H3). Because people “hang on to projects” after they have 

finished resources are not released back to the portfolio for reallocation (H5, H2, H6).  

OB3. The portfolio has developed resource management practices to encourage and 

enable appropriately skilled agents to engage in boundary-spanning activities. 

Sharing training programs and resources with NHS hospitals in Northern Ireland led 

to some new projects such as the national renal program (H5). Similarly, the QIC 

provided resources to help staff collaborate with clinicians and vendors from outside 

the portfolio to test IS solutions to clinical problems. Staff can even set up a joint 

venture with vendors (H3). Another participant explained how external mentors 

assigned to the project trained team members to engage in boundary spanning (H6). 

Practices identified to enable SO3, such as moving people around the portfolio and 

facilitating role swaps would also be useful here. However, the same challenges also 

apply. 
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Table 6.4-1 Open Boundary 

General IS PPM Practice HSE Resource Management Practice 

OB1 Create a protective space where agents can safely access resources 

OB1.1 Insulate staff engaged in boundary 

scanning from unrealistic demands and 

criticism (RM) 

OB1.H1 Politicians are prevented from making 

unrealistic demands on portfolio agents 

OB1.2 Reward portfolio staff appropriately 

compared to competitors (RM) 

OB1.H3 Portfolio offers extremely attractive 

salary, pension and flexible working hours 

OB2 Import resources and export waste continuously 

OB2.1 Ensure recruitment practices make it 

easy to recruit and dismiss staff as appropriate 

(RM) 

HR practices make recruitment difficult and 

dismissals impossible 

OB2.2 Ensure procurement policies are flexible 

enough to allow change in level of resources 

(RM) 

OB2.H1 Short-term contractors are used to 

overcome human resource problems 

OB2.3 Cancel projects when appropriate (PS) Staff hang on to projects 

OB2.4 Develop a dispute resolution process to 

prevent the build-up of conflict (PM) 

Blind eye turned to problems 

OB3 Encourage and enable appropriately skilled agents to engage in boundary-spanning activities 

OB3.1 Cross-train staff to enable them to 

collaborate outside their units (RM) 

OB3.H1 Resources and training provided for 

cross-border collaborative projects 

OB3.H2 Clinical staff are provided with project 

management training to help boundary spanning 

OB3.H4 External mentors train staff to 

boundary span 

OB3.2 Reward staff for engaging in cross-

boundary activities such as attending 

conferences or observing other project meetings 

(RM) 

No rewards available 

OB4 Identify and manage the discontinuity between the formal portfolio management system and 

informal CAS 

OB4.1 Ensure portfolio agents are aware of the 

changing informal system boundary around the 

portfolio and are prepared to work with agents 

outside the official portfolio (PM) 

OB4.H1 Senior managers take time to make 

sure contractors are introduced to all existing 

staff 

OB4.2 Allow unofficial projects to proceed if 

they can be incorporated into the portfolio if 

successful (PS) 

OB4.H2 QIC allows staff outside the portfolio 

incorporate their projects with the portfolio and 

use portfolio project management resources 

OB4.3 Portfolio, either formally or informally, 

rewards staff outside the portfolio who 

contribute to its goals (RM) 

No mechanism to reward staff outside the 

portfolio 

 

OB4. The portfolio has recently enacted resource management practices to identify 

and manage the discontinuity between the formal portfolio management system and 

the informal CAS. The portfolio faced a problem where some permanent staff refused 

to engage with contractors as part of the portfolio (H7, H3). One participant described 

the “obscenities” used to describe contractors, and how they faced challenges trying 

to integrate (H7). To overcome this, a practice has been enacted where contractors are 
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introduced to colleagues and their roles clearly explained. Once their roles were clearly 

explained, staff feel less threatened and more likely to co-operate (H1, H5) Another 

loss of alignment arose where clinicians avoided portfolio processes and procured 

their own IT solutions, which were incompatible with the rest of the portfolio (H2). 

The QIC made project management resources available to projects initiated outside 

the portfolio and facilitates their alignment with the portfolio (H3). While staff from 

outside the portfolio were involved in projects, there was no mechanism to reward 

them.   

6.4.2 Source of Resources 

SR1. The portfolio does not have the necessary practices to maintain a regular flow 

of resources through the system. Rather than maintaining a steady flow of resources, 

the portfolio has seen periods of huge investment and massive cutbacks (H4). While 

money is now available and the recruitment embargo has been lifted (H3, H1, H6), a 

long period without investment has damaged the portfolio (H1, H3, H6, H5, H7). To 

address this, the portfolio started to ring-fence capital expenditure with multi-annual 

budgets to be drawn down as required, smoothing the flow of resources (H3, H2). 

Other participants argued that the portfolio was unable to absorb the resources 

available (H6, H3). While the portfolio had permission to recruit 100 staff, restrictive 

HR practices and a dispute with the union prevented any of the posts being filled (H3, 

H7). Temporary contractors were used as a short-term solution (H1, H3, H5, H2, H7) 

SR2. The portfolio is working to reorganise its structure in response to changes in 

resources. It was acknowledged that the structure was not appropriate (H5, H3, H7) 

and did not have the capacity to use the resources available or additional resources to 

provide “a quick fix” (H2, H3, H4). While the development of a new operating model 

(H3) did not relate directly to resource management, a failure to adopt flexible 

recruitment practices inhibited the necessary changes in structure to enact it (H3,  H2, 

H7, H1). Also, resources had been provided to conduct a capability maturity 

assessment to review the structure to identify the changes required (H7).   

SR3. Several resource management practices were identified to encourage agents to 

constantly search for new resources or new ways to use existing resources. Project 

selection was used to create new competencies and upskill existing resources through 
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innovative “light-house” projects (H1, H2, H3). Philanthropic investment has been 

sought for experimental projects whose short-term business benefit was not clear (H2).  

SR4. One of the main goals of the portfolio resource management practices is to adopt 

an architecture that facilitates the flow of resources from the environment. 

Resources have been made available to set up an enterprise architecture function 

whose role is to define common standards mapped to existing EU and UK standards 

(H3). This has facilitated the portfolio in sharing resources with hospitals in Northern 

Ireland, leading to new programs. Furthermore, the portfolio has recently adopted a 

“cloud-only” (H7) procurement policy. This enables a wide range of suppliers to 

provide standard resources and eliminates standard physical resources, thereby 

increasing interoperability between systems (H3).  

Table 6.4-2 Source of Resources 

General IS PPM Practice HSE Resource Management Practice 

SR1. Maintain a regular flow of resources through the system 

SR1.1 Invest in maintaining and upgrading 

infrastructure (RM) 

SR1.H1 Multi-annual capital budgeting 

smooths the flow of resources 

SR1.2 Relax portfolio procurement policies to 

allow stakeholders provide it with essential 

resources (RM) 

SR1.H2 Contractors are used when permanent 

recruitment not possible 

SR2. Reorganise the structure in response to changes in available resources 

SR2.1 Update the portfolio governance 

structure as teams are added or taken away 

(PM) 

SR2.H1 Portfolio provide resources to conduct 

a review of the structure to identify changes 

required 

SR3. Encourage agents to constantly search for new resources and experiment with new ways to 

use existing resources 

SR3.1 Hold hackathons to discover how to take 

advantage of new technologies (PS)  

SR3.H1 Innovative projects are selected to 

build competencies in new areas and 

experiment with new technologies 

SR3.2 Adopts the results of successful 

experiments across the whole portfolio (PM)  

No Resource Management Practice Identified 

SR3.3 Spin out successful experiments 

inconsistent with portfolio purpose as start-up 

companies (SA) 

No Resource Management Practice Identified 

 SR3.H2 Philanthropic investment is sought for 

innovative projects 

SR4. Adopt an architecture that facilities the flow of resources from the environment 

SR4.1 Use industry standard architecture and 

coding styles that facilitate the utilisation of 

resources from outside the portfolio (PM) 

SR4.H1 Resources are provided for an 

Enterprise Architecture function create common 

standards with UK and EU 

SR4.H2 Portfolio has a cloud-only procurement 

policy that enables wide range of suppliers to 

provide standardised resources 
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6.4.3 Dynamic Environment 

DE1. There was no evidence that goals and targets are constantly revised in response 

to environmental change. While goals and targets generally related to performance 

management, it was explained that once resources had been committed, there was no 

attempt to increase their utilisation or maximise their benefit (H4, H7, H2). Instead, 

people looking to change goals or targets are “beaten with the DGOU stick” (H2). 

DE2. There was no evidence that the portfolio regularly tests and updates 

environmental models. Resource allocation is determined by a “political process”, 

rather than by environmental models (H4). Even in the event of a major environmental 

change, resources would not be reallocated from a project until after a project phase 

(H6). 

Table 6.4-3 Dynamic Resources 

General IS PPM Practice HSE Resource Management Practice 

DE1. Revise targets constantly in response to environmental change 

DE1.1 Regularly review all portfolio KPIs against 

strategic objectives and competitors (PM) 

Goals and KPIs unchanged after projects 

start 

DE1.2 Revise portfolio goals in response to 

changing economic conditions (PM) 

Goals and KPIs unchanged after projects 

start 

DE2. Build, test and update environmental models regularly 

DE2.1 Create a model of portfolio environment to 

guides decision making (PM) 

No Resource Management Practice Identified 

DE2.2 Constantly test and refine environmental 

models (SA) 

No Resource Management Practice Identified 

DE3. Monitor the environment constantly for threats and opportunities and respond appropriately 

DE3.1 Train portfolio staff to engage in 

environmental scanning and to communicate the 

opportunities and threats they identify (SA) 

DE3.H1 Peer reviews and mentoring embeds 

environmental scanning in teams 

DE3.2 Revise portfolio strategy in response to 

opportunities and threats identified (SA) 

DE3.H2 Lighthouse projects are used to 

identify and address future opportunities and 

threats 

DE4. Move planning from an episodic to continuous basis 

DE4.1 Replace long-term portfolio plan with 

portfolio backlog (SA)  

DE4.H1 Cash flow is monitored weekly and 

project backlog reordered to maximise 

expenditure 

DE4.2 Reprioritise portfolio backlog at the same 

cadence as the portfolio environment (PS) 

DE4.H2 MS Project provides transparency on 

availability of resources and facilitates 

reprioritisation of portfolio 

 

DE3. There was some evidence of portfolio level resource management practices to 

constantly monitor the environment for threats and opportunities and responds 

appropriately. The use of experienced clinicians to “peer review” and mentor teams 
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embedded environmental scanning across the portfolio (H6). This was evidenced by 

some project teams pro-actively identifying “next generation” versions of existing IT 

solutions, rather than waiting for service requests (H6). “Light-house projects” 

identified and addressed opportunities and threats such as skills deficits and gaps in 

strategy in emerging areas, e.g. mobile-health. (H1, H3).  

DE4. The portfolio had improved resource management practices to conduct 

planning continuously as opposed to episodically. Cash-flow was constantly 

reviewed and reallocated (H4). While this enabled extra small projects with unused 

budgets from larger projects, it was done to maximise expenditure on annual budgets, 

rather than to adjust to changing demands (H4, H5). The adoption of Microsoft Project 

Online provided managers with a real-time view of available project management 

resources, allowing them to move resources to new or delayed projects as soon as they 

were available (H3, H5, H7). 

6.4.4 No Optimal State 

NO1. There was little evidence of resource management practices to help evaluate the 

portfolio on a diverse range of factors. Participants argued that a short-term 

“obsession” (H3) with spending the budget prevented other evaluation criteria being 

used (H3, H1, H7, H2). According to another participant, regulation meant the 

portfolio is only focused on financial resources, not on the use of other resources (H4). 

NO2. There was no evidence of resource management practices to help the portfolio 

monitor the changing sensitivity between performance factors. According to one 

participant, while the portfolio dealt with many interconnected functions, resources 

were managed in silos (H2). The return on resources was measured as a sum of the 

return on individual projects, and little attention was paid to portfolio synergies (H6). 

NO3. Little evidence was found of resource management practices to identify and 

satisfy basic survival criteria. Because the portfolio is part of the public sector 

“extinction does not exist”. While some participants argued that the basic criteria that 

the portfolio had to satisfy was that of “patient safety” (H6, H3), others argued that it 

was actually just to spend the budget (H5) or satisfy the auditors (H4). While external 

stakeholders could reduce the resources available, no one believed the survival of the 

portfolio was in question. However, the portfolio did prioritise patient safety over cost 

saving (H6) and ensured that all its audit requirements were met (H4). 
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Table 6.4-4 No Optimal State 

General IS PPM Practice HSE Resource Management Practice 

NO1. Evaluate the system on a diverse range of factors 

NO1.1 Relate all individual targets to overall 

performance goals (PM) 

No Resource Management Practice 

Identified 

NO1.2 Reconcile competing portfolio performance 

goals (PM) 

Portfolio staff completely focused on 

spending budget 

NO1.3 Balance long short-term performance (PM) Focus is on short-term 

NO2. Monitor the changing sensitivity between performance factors 

NO2.1 Map the dependencies between the different 

factors that make up portfolio performance and 

weight them accordingly (PM) 

Resources managed in silos with 

dependencies ignored 

NO3. Identify and satisfy basic survival criteria 

NO3.1 Identify which performance metrics need to 

be optimised and which factors need to be satisfied 

(PM) 

NO3.H1 Patient safety is prioritised over 

cost saving 

NO3.2 Ensure that basic survival criteria  are 

satisfied before seeking to improve other 

performance measures (PM) 

NO3.H2 Resources are provided to satisfy 

audit requirements 

6.5 Interactions 

The practices relating to the interactions and their properties were identified in 

Sections 5.3.1 - 5.3.3 and summarised in Table 5.3-1 - Table 5.3-3. Sections 6.5.1 - 

6.5.3 illustrate the application of these practices in the HSE IS Portfolio for each of 

the three properties of interactions in CAS. 

6.5.1 Connectivity 

IC1. The task of matching network structure to purpose and the environment 

fitted more logically under performance management. However, the data suggests that 

this area was not getting enough support from portfolio resource management. Despite 

extensive investment in a portfolio maturity assessment, restrictive HR practices made 

it hard to change the portfolio structure (H1, H3, H5). More recently, however, 

resources were made available to upgrade the portfolio’s physical infrastructure to 

meet the needs of the organisation and its environment. This was evidenced by the 

recent merging of “ten different active domains” to create a single IT communications 

system facilitating co-operation across the whole portfolio (H2, H3).  

IC2. The portfolio had implemented some resource management practices to catalyse 

connections between agents as they come in contact. The resource manager sent a 

memo whenever new staff or contractors joined the portfolio. This provided a brief 

biography of the new staff and explained what they would be working on, encouraging 
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existing staff to make contact with them. The more successful on-boarding of recent 

staff was attributed to this (H5). Furthermore, the new office layout was designed to 

encourage interactions and enhance connectivity (H5, H3). Another participant 

warned that technology “stops you focusing on the personal element of interactions” 

and encouraged staff to communicate in person (H7). Interactions between dispersed 

teams were facilitated by building relationships at all-staff days (H7). 

Table 6.5-1 Connectivity 

General IS PPM Practice HSE Resource Management Practices 

IC1. Match network structure to purpose and the environment 

IC1.1 Determine appropriate portfolio network 

structure for strategy and environment (PM) 

IC1.H1 Resources provided for portfolio 

maturity assessment to determine the best 

structure 

IC1.2 Evolve existing structure to desired 

structure (PM) 

IC1.H2 Physical infrastructure is upgraded to 

support communication and co-operation 

IC2. Catalyse connections between agents as they come in contact 

IC2.1 Size meetings appropriately, with a 

purposeful agenda, limited to meaningful 

content (PM) 

No Resource Management Practice Identified 

IC2.2 Establish a portfolio culture that supports 

the exchange of information and resources 

during work and breaks (PM) 

IC2.H1 Memos are sent around to introduce 

new staff 

IC2.H2 Office space is designed to facilitate 

connectivity 

IC2.H3 People are encouraged to communicate 

in person 

IC2.3 Ensure portfolio staff have the time to 

interact meaningfully at events such as special 

interest groups (RM) 

IC2.H4 Interactions between dispersed teams 

are facilitated at all staff days 

IC3. Agents should avoid connections that provide no benefit to them or the system 

IC3.1 Keep portfolio teams a small as possible 

(PM) 

No Resource Management Practice Identified 

IC3.2 Portfolio staff are encouraged to 

concentrate on connections with staff with 

whom they can create value (PM) 

Staff encouraged to build networks 

IC3.3 Informal communications are encouraged 

where appropriate (PM) 

IC3.H1 Open-plan offices and open-door 

policies encourage informal communication 

 

IC3. The current focus of resource management practices is to improve the level of 

connectivity rather than help agents avoid connections that are of no use to them or 

the system. It was accepted that many connections provided little benefit. One 

participant explained that “even when people get on, they don’t talk work”. However, 

resource management practices were designed to improve connectivity (H7, H1, H3) 

and participants complained of “too much communications” (H6). To address this 
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management sought to improve informal communications with open-plan offices and 

open doors (H3, 

6.5.2 Exchange of Resources 

ER1. The portfolio has problems in encouraging agents to take a system-wide view 

of resource allocation. Resource management was handled centrally and individual 

staff acted to maximise their share of resources. Individual staff rarely saw the benefit 

of reallocating resources (H5, H1). According to one participant “resources are just 

taken, and you never know what is done with them” (H6). To address this, the adoption 

of Microsoft Project Online was expected to provide staff with an overview of how 

the resources in the portfolio were being used (H3). The constant fear of losing 

resources at “year-end” prevented a system-wide view being taken by staff (H1, H2, 

H3). A budget underrun could result in a smaller budget the following year (H2, H3, 

H7). Portfolio managers were now seeking permission to carry over unspent budgets. 

Staff were more willing to release resources not immediately needed if they were 

confident they would be spent on projects that provided a return to the portfolio and 

they would able to access them later (H2, H3).  

ER2. There were no practices to reward staff fairly for sharing resources. Portfolio 

managers expressed a desire to see greater sharing of resources and information (H3, 

H2). Moving away from annual budgeting meant staff were no longer punished for 

sharing. However, the participants admitted, “there is no reward in it for managers to 

release resources” (H5). One exasperated participant complained “you would not 

believe it could be so difficult to get an answer from a colleague” (H6), arguing that 

staff hoard information as “bargaining chips”. Another argued that staff “feel like they 

own their work” and described how staff retired without sharing crucial information.  

ER3. The participants argued that no practices existed to govern the exchange of 

resources with simple rules. According to one participant, “the pathways of 

engagement are not defined” so it was not clear how staff could swap resources even 

if they wanted to. (H3). While individual managers felt “ownership” of their resources 

(H7), they did not feel they could exchange them (H5). Furthermore, HR policies 

meant it was “simpler” to bring in new resources than to swap existing resources (H1). 
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Table 6.5-2 Exchange of Resources 

General IS PPM Practice HSE Resource Management Practice 

ER1. Encourage agents to take a system-wide view of resource allocation 

ER1.1 Provide portfolio staff with feedback on 

the return from different resources throughout the 

organisation (RM) 

ER1.H1 Microsoft project provides overview 

of how all resources are used 

ER1.H2 Feedback on benefits from different 

projects encouraged teams to release unused 

resources provided they could access them 

when needed 

ER2. Reward agents fairly for sharing resources 

ER2.1 Reward portfolio staff fairly for 

exchanging resources (PM) 

No rewards available 

ER3. Govern the exchange of resources with simple rules 

ER3.1 The portfolio allows teams exchange 

resources below a certain threshold without 

higher approval (RM) 

Managers do not feel free to swap resources 

ER3.2 Teams that forgo resources receive credits 

that can be redeemed later (RM) 

No Resource Management Practice Identified 

ER4. Encourage agents to build personal relationships 

ER4.1 Co-locate teams where possible. (RM) ER4.H1 Open plan office and shared dining 

area encourages personal communications 

ER4.H2 Managers leave doors open and use 

first names to encourage informality 

ER4.2 Bring teams together as frequently as 

possible when they are not co-located (RM)  

ER4.H3 Different teams are grouped together 

at all staff days 

ER4.3 Use extracurricular activities to help form 

or repair personal bonds between staff  (RM) 

No Resource Management Practice Identified 

 
ER4. Some practices were identified to encourage agents to build personal 

relationships. An open plan office was designed to let staff get to know each other 

(H3, H5). Buildings were equipped with dining areas that allowed staff mingle (H3). 

An “open-door policy” and “the use of first names” encouraged people to get to know 

each other (H7). “All staff days” brought staff together and put them in groups (H1). 

This resulted in a portfolio where people “feel comfortable picking up the phone to ask 

anyone any question” and helped teams identify synergies between projects (H6). 

6.5.3 Co-evolutionary Interactions 

CO1. Some portfolio level resource management practices were identified to identify 

co-evolving clusters of issues and manage as a whole. One participant explained that 

previously vendors were kept at “arms-length to ensure integrity” (H4). However, the 

focus had shifted to a partnership approach (H3, H4), supported by “weekly 

teleconferences with suppliers” (H6). This allowed vendors to help the portfolio across 

different projects. For example, vendors on different projects are now collaborating to 
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use the same hand-held devices for multiple applications (H6). The portfolio also 

ensured that vendors are not scapegoated when projects are delayed. (H6). The new 

enterprise standards group is resourced to participate in international standard setting 

to support co-evolution between healthcare providers in different jurisdictions (H3). 

CO2. Several portfolio level resource management practices were identified to focus 

on getting the right type of behaviours as opposed to evaluating short-term 

outcomes. The development of a long-term plan meant that the portfolio is prepared 

to invest heavily in training to change the behaviours of portfolio staff (H3, H7). Staff 

were developing career roadmaps focused on acquiring the necessary skills to achieve 

promotion. This replaced the old approach where people were promoted on by “time 

served” (H1, H3) or “short-term wins” (H2). The portfolio was moving away from 

focusing on maximising expenditure by introducing behavioural controls aimed at 

providing feedback aimed at increasing co-operation and long-term results (H2). 

While benefits of these changes had not been realised yet, some participants had 

observed changes in behaviour (H1, H3). 

Table 6.5-3 Co-evolution 

General IS PPM Practice HSE Resource Management Practice 

C01. Identify co-evolving clusters of agents and manage them as a whole 

CO1.1 Identify groups that work together and 

cross-train them to co-operate more effectively 

(PM)  

CO1.H1 Vendors are managed as partners 

CO1.H2 Vendors are encouraged to collaborate 

across projects 

CO1.2 Seek to influence industry evolution by 

participating in standard setting groups (SA) 

CO1.H3 Enterprise Standards function is 

provided with resources to participate in 

international fora 

CO2. Focus on getting the right behaviours rather than evaluating short-term outcomes 

CO2.1 Reward behaviours as well as outcomes. 

(PM)  

CO2.H1 Portfolio invests heavily in training for 

all employees 

CO2.H2 Promotions are based on career 

roadmaps as opposed to short-term wins 

CO2.2 Monitor the effect of interactions in both 

the long and short term and provide appropriate 

feedback (PM) 

CO2.H2 Behavioural controls provide feedback 

to encourage co-operation and long-term results 

CO3. Train agents to identify changes in interactions that predict non-linearity 

CO3.1 Train staff in soft-skills to identify 

problems in relationships (RM) 

Staff encouraged to stick to the plan 

CO3.2 Use signals like a decrease in requests 

for new features to predict an abrupt fall off in 

demand (SA) 

No Resource Management Practice Identified 
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CO3. No practices were identified to train portfolio staff to identify changes in 

interactions that predicted non-linearity. According to participants, staff are trained 

to stick to the project specification rather than look for signals of change (H4, H6). 

According to one participant, there was no signalling between projects about 

interdependencies that could lead to either synergies or cost overruns. For example, 

the major project in the portfolio was certain to miss its “go-live” date by months, yet 

staff on other projects were only aware of it when the due-date approached (H3, H8)  

6.6 System Level Properties 

Practices relating to system level properties were identified in Sections 5.4.1 - 5.4.4 

and summarised in Table 5.4-1 - Table 5.4-4. Sections 6.6.1 - 0 illustrate the 

application of these practices in the HSE IS Portfolio for each of the four properties of 

system level properties in CAS.  

6.6.1 Attractor States 

AS1. The portfolio had enacted some resource management practices to engage in 

continuous exploration, experimentation and adaption to identify more desirable 

states. It was acknowledged the portfolio was trapped in a poorly performing state 

(H1, H7, H3). While performance management was outside the scope of this chapter, 

managers were aware that a better use of resources could improve performance. A 

portfolio assessment had been conducted which identified the skills and resources 

required to enable the portfolio to address new needs created by demographic change 

(H3, H1, H7). “Lighthouse projects” were designed to provide resources for 

exploratory, boundary-spanning projects (H1, H7, H3). These practices helped move 

the portfolio from “crisis management and fire-fighting” to a state of long-term 

investment (H2, H3, H7). 

AS2. Some resource management practices were enacted to prepare for change even 

during prolonged times of apparent stability. Promotion was restricted to those who 

display a willingness to seek out and embrace change (H1, H3). The importance of 

flexibility is reiterated by the CIO and managers at all staff gatherings. Projects were 

broken into smaller phases and resources committed for only the first phase. 

Previously, it was assumed that all projects would be completed. Now teams know 

that projects are benchmarked against each other, and those not creating benefit will 

be cancelled and their resources used elsewhere. However, it was acknowledged that 
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attempts to prepare for change had mixed success. According to one manager, “some 

staff just get it while others’ don’t” (H3). Participants joked that “some staff would cry 

if you moved the kettle” (H1) or “they join the HSE because they hate change” (H2). 

Another suggested that the portfolio its funders had not learned from the recession and 

were not prepared for changes in economic conditions (H4). 

AS3 There was little evidence of resource management practices to help staff identify 

change as quickly as possible and respond appropriately. The identification of 

change was seen as “management’s job” (H6) with participants suggesting it was the 

role of CIO (H3) or product champions (H6). Others argued it was more important to 

train staff to “stick to a plan” than react to change (H4). Financial accountability meant 

staff were often solely focused on strict delivery of the project specification (H4).  

Table 6.6-1 Attractor States 

General IS PPM Practice HSE Resource Management Practice 

AS1. Engage in continuous exploration, experimentation and adaption to identify more desirable 

states 

AS1.1 Run environmental simulations to 

identify potential markets (PM) 

AS1.H1 Portfolio predicts demographic 

changes and identifies skills, resources and 

training required to address changing needs 

AS1.2 Give portfolio agents free time to explore 

new possibilities (RM) 

AS2.H2 QIC and light-house projects give staff 

resources for explorative projects 

AS2. Prepared for change even during prolonged periods of apparent stability 

AS2.1 Benchmark the portfolio against other 

high performing systems (PM) 

AS2.H1 Projects benchmarked with resource 

allocation reviewed after each phase 

AS2.2 Constantly scan the environment for 

opportunities and threats even in times of 

stability (PS) 

AS2.H1 Promotion is restricted to those who 

search and prepare for change 

AS3. Identify change as quickly as possible and respond appropriately 

AS3.1 Train portfolio agents to identify weak 

signals that predict major change  (RM) 

No Resource Management Practice Identified 

AS3.2 Conduct regular brainstorming sessions 

to identify responses to major potential changes 

(SA) 

No Resource Management Practice Identified 

AS4. Seek to both pro-actively create change and respond to it 

AS4.1 Focuses on initiating change not 

responding to it (SA) 

AS4.H1 Recruitment targets staff capable of 

identifying opportunities for integrated service 

AS4.2 Constantly seek to disrupt own portfolio 

through innovation (PS) 

AS4.H2 Greater proportion of resources are 

made available to exploratory, disruptive 

projects. 

AS4.3 Constantly monitor the environment for 

threats and opportunities (PM) 

AS4.H3 Promotion is restricted to those who 

search and prepare for change 
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AS4. When asked, the participants identified some resource management practices to 

proactively create change. One participant explained that they needed to be proactive 

and move beyond “firefighting” (H2). One explained, “we have pulled ourselves out 

of the fire, but we are raising the bar higher”. To support this, a greater proportion of 

resources were made available for ambitious projects (H1, H3). Previously all 

resources were spent on projects arising from crises. This was a significant change, 

evidenced by the “lighthouse projects” on the eHealth Ireland website. Furthermore, 

the ability to recognise and drive change was prioritised in recruitment and promotion 

(H5) with staff encouraged to monitor the environment and proactively identify 

opportunities that would create an “integrated health service” (H4). 

6.6.2 Resilience 

RE1. Despite repeated questioning, no evidence of portfolio level resource 

management practices to build a level of resilience appropriate to the environment 

was found. The need for resilience was acknowledged to be high, however appropriate 

resources were not made available to deliver it (H3, H4, H5). Therefore, despite 

individual IS projects being designed to be resilient (H6), the portfolio itself was 

described as “brittle” with “everyone is at 100%” (H5). Cost or time overruns on 

individual projects jeopardised the portfolio as a whole (H5). People were afraid to 

admit to spare capacity in case additional work was heaped on them (H2, H7).  

RE2. The resource management practices identified in 5.1.4 (RV2) also serve to have 

a diverse range of agents to build resilience. The recruitment embargo left the 

portfolio lacking in basic skills (H3, H5). While issues with recruitment had yet to be 

resolved, contractors were used as a short-term solution to increase staff diversity 

(H7). Training and cross-training improved the skills available to the portfolio, 

especially where clinicians have been provided with project management training (H5, 

H7). As stated above, the rotation of staff was challenging as managers would not 

release staff. 

RE3. Practices identified to find the appropriate balance between resilience and 

performance generally related to performance management. However, participants 

did identify some relevant resource management practices. Portfolio managers had 

started to identify where duplication of skills existed. Rather than eliminate them, they 

were evaluated, and the ones that created appropriate resilience maintained (H3). This 
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freed up additional resources while protecting vulnerable parts of the portfolio. The 

public sector context meant adherence to strict financial processes were prioritised at 

the expense of portfolio resilience (H4, H2). For example, one participant explained, 

“you spend the money on what it was given for regardless of change” (H4). This focus 

on a specific project level performance metric reduced portfolio level resilience. 

Table 6.6-2 Resilience 

General IS PPM Practice HSE Resource Management Practices 

RE1. Build a level of resilience appropriate to environment 

RE1.1 Model the rate of environmental change 

to estimate the level of resilience required (PM) 

No Resource Management Practice Identified 

RE1.2 Ensure portfolio has range of projects 

appropriate to the environment (PS) 

Portfolio is brittle 

RE2. Have a diverse range of agents to maintain resilience 

RE2.1 Recruit a broad range of staff from a 

wide variety of sources  (RM) 

RE2.H1 Contractors recruited from different to 

provide missing skills 

RE2.2 Use cross training to avoid 

overspecialisation   

RE2.H2 Project management training provided 

to clinical staff  

RE2.2 Rotate staff to increases skills diversity 

(RM) 

Managers block rotation of staff 

RE3. Balance performance and resilience 

RE3.1 Identify necessary level of resilience for 

the portfolio (PM) 

No Resource Management Practice Identified 

RE3.2 Focus on resilience for critical projects 

and performance for non-critical projects (RM) 

RE3.H1 Need for resilience is considered 

before eliminating duplicate skills or projects 

RE4. Retain resilience by maintaining the same appearance during periods of change 

RE4.1 Maintain a consistent portfolio 

appearance, e.g. consistent user interface across 

projects, during periods of change (PS) 

RE4.H1 Maintenance of HSE brand facilitates 

long-term approach to resource allocation 

 

RE4. When participants were asked to identify practices enacted to retain resilience 

by maintaining the same appearance during periods of change, they focused mainly 

on governance and performance management. However, evidence suggested that the 

maintenance of consistent “brand”, has enabled a long-term approach to resource 

allocation (H3, H4, H7). Stakeholders had associated the constant name changes with 

restructuring and were unwilling to commit to long-term projects (H4). 

6.6.3 Unpredictable 

UE1. In response to questions about practices to encourage agents to experiment with 

each other and adjust strategy to take advantage of new opportunities, participants 

referred to practices already outlined in 6.4.5 (AD4), 6.5.2 (SR3) and 6.7.1 (AS1). 

However, of these practices, in reality, only the QIC encouraged staff to experiment 
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together, e.g. through joint ventures and had the potential to lead to a change in 

strategy (H3). While recruitment and promotion focused on identifying staff capable 

of working in teams, experimenting, and prepared to adjust strategy, in reality, strategy 

was only adjusted periodically (H1, H3, H2). 

Table 6.6-3 Unpredictable  

General IS PPM Practice HSE Resource Management Practice 

UE1. Agents experiment with each other and adjust strategy to take advantage of new opportunities 

UE1.1 Encourage portfolio agents from 

different areas to work together on experimental 

projects (PS) 

UE1.H1 QIC provides resources for co-

operation on experimental projects that may 

lead to changes in strategy  

UE1.2 Be prepared to alter strategy to take 

advantage of unpredicted opportunities (SA)  

Strategy only adjusted periodically 

UE2. Identify the regions where system acts predictably and unpredictably 

UE2.1 Use models and simulations to identify 

leverage points in the portfolio (PM)  

UE2.H1 Levels of sick-leave are monitored and 

investigated for underlying problems 

UE2.2 Retain and develop experienced portfolio 

agents who recognise abrupt transitions (RM)  

No Resource Management Practice Identified 

UE2.3 Adjust strategy when portfolio starts to 

behave unpredictably  (SA) 

Strategy only adjusted periodically 

UE3. Constantly refine rules governing interactions to encourage only what is desirable 

UE3.1 Conduct deep dives to ascertain the 

actual causes of emergence and project success 

or failure (PM) 

No Resource Management Practice Identified 

UE3.2 Use positive feedback to reinforce 

desirable changes (PM) 

No Resource Management Practice Identified 

UE2. In response to questions about how to identify regions where the system acts 

predictably and where it acts unpredictably, participants argued that the goal was to 

ensure the portfolio behaved predictably rather than identify opportunities for dramatic 

increases in the use of resources (H4, H2). One participant explained that until 

Microsoft Project Online went live, the portfolio would not have the data to study the 

system properly. However, the portfolio has started to investigate high levels of sick-

leave to see if it is a precursor to major problems (H3).  

UE3. There was little evidence of any portfolio practices to constantly refine rules 

governing interactions to encourage only what is desirable. Instead, it was argued 

that the bureaucratic nature of the host organisation meant the portfolio was overly 

reliant on formal procedures as opposed to simple, informal rules (H4, H2). These 

procedures tended to be inflexible because of the high level of auditing (H4). 
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6.6.4 Path-dependent 

PD1. Practitioners were able to provide examples where the portfolio adapts practices 

to the new system. The need to adapt practices before implementing them was widely 

understood across the portfolio (H1, H3, H2, H7). One participant explained, “this is 

not an ideal world” (H2). While this related mainly to performance management and 

governance, considerable resources were provided to investigate how PRINCE2 

should be deployed and its “best practices” operationalised for the specific portfolio 

challenges (H1, H7, H5). Also, PRINCE2 training was customised to the specific 

challenges of the HSE (H3, H5). A handbook on how to implement this methodology 

within the specific challenges of the HSE portfolio was being developed (H5).  

PD2. Some of the most important portfolio resource management practices to acquire 

new staff to create future opportunities and overcome weaknesses were on hold, 

because of a dispute between unions and management. While financial resources were 

available to hire additional staff, unions were insisting that senior jobs were reserved 

for internal staff and new staff should come in at entry grades (H1, H3, H5). This 

would prevent the portfolio from attracting the highly skilled people it needed to take 

advantage of future opportunities. While contractors were being used as a short-term 

solution (H1, H7, H2), they had mixed success helping to overcome weaknesses. Some 

were seen as “interlopers” and struggled to transfer knowledge into the portfolio (H7). 

“Lighthouse projects” were selected to help address skills deficits in emerging 

technologies (H1, H3) as recruitment embargo and freeze on training during the 

recession left the portfolio devoid of crucial skills in many of these areas. 

PD3. In response to questions about what the portfolio does to build and retain a 

memory of past success and failure and utilise it for decision making, the participants 

pointed to resource management practices aimed at improving organisational memory. 

According to one participant, knowledge was now treated as a resource, and a 

repository was in place to share it with the whole organisation (H3). Real cases of 

success were collected and used a resource to demonstrate how projects should be 

managed across the portfolio (H3). It was suggested that “all staff days” where staff 

meet and exchange success stories helped to build memory. This was supported by an 

IT platform called “eHealth Moments” which captured success stories and shared them 

with the whole organisation (H5). An experienced portfolio level “red team” was 

deployed to help troubled projects and improve decision making in struggling teams. 
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This team helped save several projects (H3). Knowledge transfer was a responsibility 

for contractors, and they were expected to train their successors. However, this was 

problematic if there was no overlap between contracts (H7).  

Table 6.6-4 Path-Dependent 

General IS PPM Practice HSE Resource Management Practice 

PD1. Adapt practices to new system 

PD1.1 Understand how and why portfolio 

practices work in specific contexts before 

implementing them (PM) 

PD1.H1 Resources are provided to investigate 

portfolio before introducing PRINCE2 

PD1.2 Adapt practice from methodologies such 

as agile rather than implementing standard  

version (PM) 

PD1.H1 PRINCE2 is operationalised for the 

specific challenges of HSE 

PD1.H2 PRINCE2 training is customised for 

the HSE portfolio 

PD1.3 Evaluate portfolio teams on outcomes as 

opposed to adherence to standardised practices 

(PM) 

No Resource Management Practice Identified 

PD2. Acquire new agents and skills to create future opportunities and overcome weaknesses 

PD2.1 Consider the future opportunities created 

by new skills when selecting projects (PS) 

PD2.H1 Lighthouse projects selected to build 

skills in emerging areas 

PD2.2 Recruit staff with additional skills from 

outside the portfolio (RM)  

PD2.H2 Financial resources are available to 

hire staff 

PD2.3 Constantly review  resources required to 

maintain legacy projects (RM) 

No Resource Management Practice Identified 

PD3. Build and retain a memory of past success and failure and utilise it for decision making/ 

PD3.1 Use techniques such as pair 

programming and mentoring to build shared 

memory (RM) 

PD3.H1 Knowledge is treated as a resource and 

stored in a central repository accessible to all 

PD3.2 Use forums  to celebrate success (PM) PD3.H2 All staff days and Ehealth Moments 

celebrate and capture success 

PD3.H3 Microsoft Project Online captures 

exemplary projects to create training resources 

PD3.3 Protect portfolio memory during 

organisational change  (RM) 

PD3.H4 Knowledge transfer is part of employee 

and contractors’ jobs before leaving 

PD3.4 Utilise shared portfolio memory when 

facing difficult problems (RM) 

PD3.H5 Experienced portfolio red-team is 

deployed to help failing projects 

 

6.7 Feedback 

Practices relating to system level properties were identified in Sections 5.5.1 - 5.5.2  

and summarised in Table 5.5-1 - Table 5.5-2. Sections 6.7.1 - 6.7.2 illustrate the 

application of these practices in the HSE IS Portfolio for both of the properties of 

feedback loops in CAS.  
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6.7.1 Positive Feedback 

PF1. There was little evidence of effective practices to use positive feedback to drive 

long-term behavioural change. Indeed participants tended to confuse praise positive 

feedback as defined in this study. The portfolio was prevented from providing 

financial rewards to reinforce good behaviour (H3, H2, H1). While there was 

acknowledgement that they could provide small tokens to acknowledge success (H3, 

H5), it was described as “just not something we do” (H5). Managers spoke of their 

desire to provide additional resources to staff with the right attitude (H2, H1). Often, 

however, bad behaviour was ignored and became entrenched, while high performing 

employees were assigned more and more duties and sometimes ended up on sick leave 

(H1).  

PF2. Participants questioned about how to moderate the effects of positive feedback 

when the system is getting out of control, acknowledged that poor results created a 

positive feedback loop for projects that exacerbated problems. Projects descended into 

a vicious circle where staff tried to abandon them or resources were diverted elsewhere 

(H3). To tackle this, a roving “red team” of experienced staff had been established to 

stabilise “troubled projects” and prevent contagion across the portfolio (H3). 

PF3. Some resource management practices to use metrics to support learning were 

identified. One participant explained how metrics for project cost and time overruns 

were factored into how long new projects would take and used to project when stage 

payments would become due (H5). The sharing of project and metrics from successful 

projects was helping staff learn how to budget resources more effectively (H7). Also, 

the business intelligence analytics from Microsoft Project Online enabled staff to be 

more transparent about what resources they were, or were not, using (H1).  

PF4. When participants were asked what practices exist to build automatic feedback 

loops into the portfolio, they pointed mainly to performance management practices. 

Some staff were concerned that there wasn’t enough time to provide feedback or were 

concerned about adding an extra layer of bureaucracy. However, resources have been 

provided to support automatic reporting of project status and resource utilisation 

through Microsoft Project Online (H6, H7). However, changes to the promotion 

scheme that ensured only staff who had availed of training and met certain criteria 
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achieved promotion did help to create an automatic feedback loop. Other staff 

observed who was promoted and started to copy them (H3, H1). 

Table 6.7-1 Positive Feedback 

General IS PPM Practice HSE Resource Management Practices 

PF1. Use positive feedback to drive long-term behavioural change 

PF1.1 Provide regular rewards for 

outstanding behaviours (PM) 

No financial rewards available 

PF1.2 Train staff how to give and receive 

positive feedback (PM) 

No Resource Management Practice Identified 

PF1.3 Identify what staff actually value and 

use this in positive feedback (PM) 

No Resource Management Practice Identified 

PF2. Moderate the effects of positive feedback when the system is getting out of control 

 PF1.H1 Red team of experienced staff 

stabilises troubled projects 

PF2.1 Promote a culture that enables people 

to speak freely when positive feedback 

causes the portfolio to become out of control 

(PM) 

No Resource Management Practice Identified 

PF2.2 Holds retrospectives to identify threats 

and opportunities from rapid growth (SA) 

No Resource Management Practice Identified 

PF3. Use metrics to support learning 

PF3.1 Use the data acquired for feedback for 

learning, not for measurement or reward 

(PM) 

PF3.H1 Metrics on past projects are used to 

improve budgeting of stage payments 

PF3.2 Make feedback visible where possible 

so everyone can learn from it, e.g. displayed 

on screens (PM) 

PF3.H2 Business intelligence data is helping 

staff become more transparent as to what 

resources they are using 

PF3.3 Support metrics with informal and 

qualitative forms of feedback (PM) 

No Resource Management Practice Identified 

PF4. Build automatic feedback loops into the system 

 PF4.H1 Only staff that take training are 

allowed apply for promotion 

PF4.1 Reduce the administrative overhead 

associated with feedback where possible 

(PM) 

PF4.H2 Automatic reporting is built into 

project management tool 

PF4.2 Build time into schedules to facilitate 

feedback sessions (RM) 

Staff did not have enough time for feedback 

PF5. Support multiple feedback loops across multiple time horizons 

PF5.1 Identify the different time horizons 

within the portfolio (PM) 

No Resource Management Practice Identified 

PF5.2 Portfolio uses a mix of short and long-

term metrics (PM) 

Focus on short-term 

 
PF5. There was no evidence of resource management practices to support multiple 

feedback multiple time horizons in the portfolio. Instead, the feedback loops that were 

managed appeared to focus on what worked or did not work in the short term (H1). 
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6.7.2 Negative Feedback 

NF1.When asked about portfolio resource management practices to apply negative 

feedback to make agents aware that their behaviour is undesirable, the participants 

provided mixed evidence. While it was accepted “the role of management is not to 

tolerate bad performance that spreads” (H3), it was argued that often it is easier “turn 

a blind eye” (H2). It was claimed that “the rewards culture is in reverse … there is no 

penalty for demotivating others” (H3). Another participant claimed that some people 

were let coast to retirement (H1). However, some practices were aimed at eliminating 

undesirable behaviour. The DGOU refuses to sanction resources for projects not 

linked to patient benefit. This served as negative feedback dampening out behaviours 

around requesting ill-thought projects (H2). Also, the CIO sat on interview panels, 

articulating which behaviours prevented employees achieving promotion (H1, H3).  

NF2. Some resource management practices were identified to use negative feedback 

to stabilise the system. The DGOU ensured that resources were only released to 

projects that met strategic objectives, were planned appropriately and did not exceed 

the overall budget (H1, H3, H2, H7, H4). This practice was put in place as a result of 

high-profile IT failures where hundreds of millions of euro were wasted (H1, H3). 

Furthermore, stage reviews were in place to identify cost overruns before projects got 

out of control. However, some participants argued that restrictive work practices and 

excessive autonomy prevented the stabilisation of the portfolio (H3, H1). One 

important project was missing its deadlines, but it was impossible to hold a crisis 

summit as all the key stakeholders were working on different rotas (H1). 

NF3. The portfolio has effectively used resource management practices to provide 

comfort to external stakeholders while creating a protective space for staff to 

work. For example, strict practices controlling expenditure have helped rebuild the 

trust of external stakeholders (H2). This means that projects with budgets of less than 

€25,000 do not need external scrutiny. Furthermore, resources have been provided to 

support automatic reporting of project status and resource utilisation through 

Microsoft Project Online, enabling project teams can “get on with real work” while 

stakeholders have the information they need (H6, H7). 
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Table 6.7-2 Negative Feedback 

General IS PPM Practice HSE Resource Management Practice 

NF1. Apply negative feedback to make agents aware that their behaviour is undesirable 

NF1.1 Inform agents quickly and informally 

when the behaviour is inappropriate (PM) 

NF1.H1 Project requests without clear patient 

benefits are quickly rejected 

NF1.2 Use formal control for negative feedback 

as sparingly as possible (PM)  

NF1.H2 CIO sits on promotion boards and 

articulates why promotions not approved 

NF2. Use negative feedback to stabilise the system 

NF2.1 Prioritise formal control when system is 

in danger of descending into chaos (PM)  

NF2.H1 Tight financial rules introduced when 

expenditure went out of control 

NF2.H2 Stage reviews identify resource 

overruns before they are out of control 

NF2.2 Balance negative feedback against need 

for change (PM)  

No Resource Management Practice Identified 

NF3. Provide comfort to managers while creating a protective space where agents are insulated 

from unnecessary control 

 NF3.H1 Strict financial controls provide 

stakeholders with comfort 

NF3.1 Train managers to be comfortable with 

less control (RM) 

No Resource Management Practice Identified 

NF3.2 Reduce the amount of formal portfolio 

reporting to the minimum level possible (PM) 

NF3.H2 Automatic reporting is built into 

project management tool  

 

6.8 Impact of CAPPP in the HSE 

The application of the framework through the case study appeared to add considerable 

value to the HSE portfolio and its employees. It served both to identify important 

practices and highlight a significant number of areas where practices were missing or 

resulting in unforeseen circumstances.  

The case study also appeared to help to change the attitudes of participants. Few of the 

participants were familiar with complex adaptive systems, and the theory provided 

many of them with interesting insights and new ways to think about problems. For 

example, some of the participants saw the portfolio simply as a set of independent 

projects. Others over-emphasised the importance of control and felt that plans must be 

followed through without change in any circumstances. The CAPPP framework forced 

them to acknowledge that interactions and change were inevitable and must be 

incorporated into portfolio management. This was exemplified by one participant who 

stated at the start of the interview “we have to control everything – that is our job”, 

but later accepted that such a level of control is “simply impossible in a portfolio this 

complex” (H4). 
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A few participants were particularly interested in learning about portfolio management 

practices used in industry. Some even made a note of certain practices during 

interviews and discussed how they could be implemented within the HSE portfolio. 

For example, one practitioner asked to stop the interview while he worked out how to 

apply an industry practice to a problem he was facing and said: “I am bringing this 

idea to our next all-staff day” (H7). Others seemed to be genuinely surprised that other 

staff could be so demotivated by the lack of additional rewards for performing well. 

At the start of the case study, all participants appeared to underestimate the importance 

people attach to holding the approval of their colleagues and how group norms could 

undermine formal portfolio management practices. However, the importance of these 

important informal rewards became clear to participants during discussions with one 

manager saying “we have to make the reward for good behaviour better than the 

rewards for bad behaviour” (H3).  

Finally, the case study helped expose the challenges associated with recruiting senior 

staff in a unionised organisation and raised questions as to how HR practices could be 

better aligned with the needs of the portfolio. 

6.9 Summary 

This chapter used a case study in Ireland’s Health Service Executive to illustrate the 

CAPP Framework in action. Focusing on resource management, it showed the 

framework was useful in identifying practices and highlighting areas where practices 

may be required. Also, a set of recommendations to help both researchers and 

practitioners were identified during the case study. These recommendations are 

presented in Chapter 8. 
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 Chapter 7: Discussion 

7.0 Introduction and Chapter Layout 

This chapter discusses the existing IS PPM literature relevant to the CAPPP practices 

identified in the expert interviews in chapter five. This shows how a CAS-based 

approach to IS PPM differs from current approaches and helps to identify the 

theoretical contribution of the study. Furthermore, this discussion helps to identify 

gaps for further research as practices not supported in the existing literature will 

require further investigation. It should be noted that this discussion is limited to 

literature examining IS PPM specifically, and only refers to other literature, such as 

project management, to illustrate gaps in IS PPM.  

The chapter is laid out as follows. Sections 7.1 – 7.5 and their subsections discuss each 

element of the CAPPP framework, focusing on the IS PPM practices identified in 

Chapter 5. Each subsection is summarised in a table that describes the existing state 

of the literature for each CAPPP practice. Two additional columns note the degree to 

which the practice is consistent with existing IS PPM theory and whether its enactment 

is explained in the existing literature (labelled “Consistent” and “Explained.” 

Respectively). Section 7.6 summarises the chapter and identifies some potential future 

research questions. 

7.1 Agents 

7.1.1 Agent Autonomy 

AA1. Encourage portfolio agents to continuously search for new solutions. Daniel 

et al. (2014) argue that while IS PPM should help promote exploration, current 

approaches are overly focused on short-term exploitation. The literature contains little 

evidence of rewards, or even tolerance, for exploratory behaviour unless it proves to 

be successful (AA1.1), with studies more concerned about alleviating “the high cost 

of failure” (Kumar et al., 2008, McFarlan, 1981). There is mixed support for flexible 

job specifications, focused on purpose that enable employees to adapt and search for 

new solutions in the changing environment (AA1.2). For example, Kettunen and 

Laanti (2008) argue that flexibility enables individuals and teams to react to change, 

while Frey and Buxmann (2011) argue flexibility reduces the specialist process 
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knowledge required for exploration. Flexible project selection criteria, focused on 

portfolio purpose can adapt to the changing environment (AA1.3). These flexible 

criteria could support a continuous stream of exploratory projects. However, many 

studies examining selection emphasise a centralised tightly controlled project 

selection process using predefined criteria based on the existing environment (e.g. Cho 

et al., 2013, Kundisch and Meier, 2011), reducing the capacity for exploratory 

behaviour in innovative projects.  

AA2. Calibrate agent autonomy for individual agents and environment (AA2). The 

PPM literature acknowledges that autonomy may vary between portfolios depending 

on structure and environment  (Frey and Buxmann, 2011). For example, Hansen and 

Kræmmergaard (2012) discuss the specific need for increased control in public sector 

environments. However, there is no research examining how to calibrate autonomy in 

different environments (AA2.1), or whether staff in a single portfolio should have 

different levels of autonomy (AA2.2). 

AA3. Create an enabling environment that allows agents achieve goals. The 

importance of motivation is recognised at the organisational level, and top 

management support is recognised as a critical success factor in IS PPM (Elonen and 

Artto, 2003, De Reyck et al., 2005, Thomas et al., 2007). However, research 

addressing motivation needs to be applied to IS PPM in order to understand how to 

how to shift the portfolio manager’s focus from control to motivation (AA3.1), as 

existing best practice in IS PPM emphasises control and measurement over motivation 

(Muller et al., 2008, Hansen and Kræmmergaard, 2013). Kalliney (2009) argues the 

role of a portfolio manager is to improve processes so teams can work effectively. This 

is supported by an effective PMO whose focus on efficient portfolio resourcing and 

facilitating organisational transformation helps create an environment where staff can 

work effectively (AA3.2) (Singh et al., 2009). While resources are scarce in IS PPM, 

the literature advises that staff have the appropriate infrastructure (AA3.3) to archive 

portfolio goals (Hodgkins and Hohmann, 2007, Hamilton, 1999). 
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Table 7.1-1 Autonomy 
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AA1. Encourage agents to search continuously for new solutions 

AA1.1 Reward exploratory behaviour even 

when unsuccessful  (RM) 

Literature focused on exploitation and 

eliminating failure with no rewards for 

unsuccessful behaviour 

Low No 

AA1.2 Use flexible job specs focused on 

purpose, which can adapt to the changing 

environment (RM) 

Some literature calls for flexibility, 

but others suggest this can lead to a 

loss of specialisation  

Mixed No 

AA1.3 Use flexible project selection criteria 

focused on purpose, which can adapt to the 

changing environment (PS) 

Literature proposes centralised 

predefined selection criteria unsuited 

to dynamic environment 

Low No 

AA2. Calibrate agent autonomy for individual agents and environment 

AA2.1 Calibrate autonomy appropriate to 

environment  

Literature acknowledges autonomy 

varies depending on environment but 

not how to achieve it 

High No 

AA2.2 Calibrate autonomy for  individual 

agents 

No research examining appropriate 

level of autonomy for different staff 

Low No 

AA3. Create an enabling environment that allows agents achieve their goals 

AA3.1 Shift the portfolio manager’s focus 

from control to motivation (PM) 

Importance of support acknowledged, 

but existing literature emphasises 

control over motivation 

Mixed No 

AA3.2 Task the PMO with creating an 

environment where agents can work 

effectively  (PM) 

Literature advises how PMO can play 

a key role in helping teams work 

effectively 

High Yes 

AA3.3 Provide staff with the necessary 

infrastructure (RM) 

Importance of adequate infrastructure 

well recognised 

High Yes 

AA4. Overcome agents’ need to control or be controlled 

AA4.1 Recruit, retain and promote staff 

comfortable with autonomy (RM) 

Problems with control described, but 

not how to incentivise autonomy 

through recruitment or  reward 

Mixed No 

AA4.2 Create protective space where agents 

focus on challenges, free from constant 

interruption (PM) 

Literature describes a negotiation 

space where staff are free from 

interruption 

High Yes 

AA4.3 Create a translational layer to satisfy 

external reporting requirements (PM) 

Literature describes providing a 

translational layer as key role of PMO 

High Yes 

AA5. Establish mechanisms for collective decision making 

AA5.1 Use informal communications to help 

make collective decisions around project 

selection (PS) 

At least ten studies describe role of 

informal communications and 

collective decision-making in project 

selection 

Yes Yes 

AA5.2 Reward teams who make effective 

group decisions (PM) 

Literature describes decision-making 

as management role and does not 

examine how to reward it 

Low No 

AA5.3 Restrict the escalation of decisions to 

certain thresholds or situations where 

consensus is not possible (PM) 

Governance structures that encourage 

decisions under a certain threshold are 

described, but not clear if those 

decisions are collective 

High Yes 
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AA4. Overcome agents’ need to control or be controlled. The IS PPM literature 

focuses on the advantages of a high degree of control (De Reyck et al., 2005). It is 

acknowledged that there is a “fear” associated with a loss of top-down control (Hansen 

and Kræmmergaard, 2014) and that developers struggle with autonomy at the project 

level (Conboy et al., 2011). However, there is a dearth of research looking at how to 

incentivise staff to be comfortable with autonomy through recruitment, reward and 

promotion (AA4.1). Some research does investigate how to create a protective space 

for staff. For example, Elbanna (2010) demonstrates how a “negotiation space” can be 

created where staff can focus on challenges free from interruption and criticism 

(AA4.2). Furthermore, the need to create a translational layer to satisfy stakeholders 

(AA4.3) is considered an important task of the PMO (Singh et al., 2009). 

AA5. Establish mechanisms for collective decision making. The IS PPM literature 

acknowledges that collective decision making in IS PPM can overcome “judgement 

errors” and selfish behaviour (Jiang and Klein, 1999a). Frey and Buxmann (2012) 

identify 10 studies that support some level of informal collective decision making in 

project selection (AA5.1). However, there is an assumption that decisions around 

strategy, resource management and performance are management roles (Jeffery and 

Leliveld, 2004, De Reyck et al., 2005) and the mechanisms for collective decision-

making or how it is rewarded has not been examined in these areas (AA5.2). 

According to Frey and Buxmann (2011), federal governance structures provide 

mechanisms to make decisions under financial thresholds, and the escalation of 

decisions is restricted to these thresholds, or where agreement is not possible  (AA5.3).  

7.1.2 Common Purpose 

CP1. Establish a common purpose aligning agent’s behaviour with portfolio goals. 

The IS PPM literature relies on organisational strategy to provide direction for 

portfolio project selection (Frey and Buxmann, 2012). However, it does not address 

how this strategy can be translated into a specific portfolio purpose which aligns the 

behaviour of all portfolio staff with the overall organisational mission (CP1.1). 

Strategic goals are generally set at a high level, and individual employee activities not 

directly aligned to specific goals are described as waste, regardless of their potential 

to contribute to the long-term purpose of the portfolio (Steindl, 2005).  
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CP2. Use stories and images to help share common purpose. While storytelling 

techniques, such as epics (Cohn, 2014), user stories and personas (Haikara, 2007, 

LeRouge et al., 2013) are prevalent in ISD, they typically deal with visualisation at a 

micro-level within projects. Their cross-project application have not been documented 

and there is no research to identify how stories or images could be used to help the 

portfolio manager share strategic objectives or purpose (CP2.1). While the importance 

of language is recognised in the PPM literature as a means of sharing information 

(Prifling, 2010, Hamilton, 1999, Dingsøyr and Moe, 2014), it focuses on the language 

used by portfolio teams and not the customer (CP2.2). Strategy is normally articulated 

by directors or in “five year plans” (Daniel et al., 2014, De Reyck et al., 2005), rather 

than shared, face-to-face between connections (CP2.3).  

CP3. Reinforce purpose constantly by rewarding altruism and punishing 

selfishness. There is some evidence to suggest that mechanisms often fail to reward 

altruistic behaviour or punish selfish behaviour (Hansen and Kræmmergaard, 2012, 

Conboy, 2010). Recruitment, rewards and promotion are based on the achievement of 

individual goals, rather than a contribution to portfolio purpose. (CP3.1). While clan 

and self-control can enable staff to reward themselves at the project level (Kirsch, 

1997), no studies examining portfolio level mechanisms for peer rewards for altruistic 

behaviour were identified (CP3.2). There is little research examining how staff can be 

excluded from the portfolio. Singh et al. (2009) describe how “nay-sayers” are isolated 

and dealt with on an individual basis. However, this refers to actual concerns about 

implementations, rather than undesirable behaviours and research is required how to 

isolate or exclude staff who undermine purpose with selfish behaviours (CP3.3). The 

portfolio level literature provides little advice how to immediately discourage staff 

from behaviours not conducive to achieving portfolio purpose (CP3.4). 

CP4. Regularly revise portfolio purpose in response to external and internal 

changes. The importance of alignment between IS projects and a flexible 

organisational strategy is recognised in IS PPM (Kumar et al., 2008, Singh et al., 2009, 

Hansen and Kræmmergaard, 2011, Häckel and Hänsch, 2014, Burke and Shaw, 2008, 

Jiang and Klein, 1999a, Dickinson et al., 2001). However, rather than regular reviews 

of purpose (CP4.1), Jeffery and Leliveld (2004) recommend that portfolios engage in 

frequent reviews of their alignment with strategy. While these reviews and the 

communications supporting them are generally top-down (Daniel et al., 2014), there 
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are calls for “bottom-up” communication in strategy formation (Prifling, 2010, 

Greenhalgh and Keen, 2012) (CP4.2). Furthermore, while Daniel et al. (2014) argue 

that while IS strategy must maintain alignment with internal capabilities (CP4.3), the 

literature provides little advice how such alignment can be achieved.  

Table 7.1-2 Common Purpose 
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CP1. Establish a common purpose to align behaviour with system goals 

CP1.1 Translate organisation purpose to portfolio 

purpose which aligns all portfolio staff with the 

overall organisational mission (SA) 

Literature focuses on organisation 

strategy to align activities 

Low No 

CP2. Use a common language, stories, and images to help share a common purpose 

CP2.1 Portfolio manager acts as story-teller-in-

chief expressing purpose as a story or visual 

image and using every opportunity to articulate 

this purpose (SA) 

No portfolio level literature 

examining the use of stories and 

visualisation to share purpose 

Low No 

CP2.2 Articulate purpose in a language based on 

customer or end-user needs  (SA) 

Literature suggests information 

shared in language of teams, not 

customer 

Low No 

CP2.3 Encourage staff to share purpose with their 

connections especially face to face (SA) 

Studies suggest strategy is 

articulated by directors not face to 

face by staff  

Low No 

CP3 Reinforce purpose constantly by rewarding altruism and by punishing selfishness 

CP3.1 Reward, retain and promote staff for their 

contribution to portfolio purpose as opposed to 

the achievement of individual goals (RM) 

Literature focuses on achievement 

of individual goals as basis for 

reward 

Low No 

CP3.2 Empower staff to reward their peers for 

altruistic behaviour (RM) 

Empowering peer rewards for 

altruism not supported by portfolio 

level literature 

Low No 

CP3.3 Isolate or exclude staff who continuously 

undermine purpose through selfish action  (RM) 

Little research examining how to 

isolate of exclude selfish staff 

Mixed No 

CP3.4 Immediately discourage staff from 

behaviours not conducive to achieving portfolio 

purpose  (RM) 

Literature provides little advice on 

how to discourage behaviours 

unconducive to purpose 

Low No 

CP4 Revise the common purpose regularly in response to internal and external changes 

CP4.1 Conduct regular reviews of portfolio 

purpose in light of changing environment (SA) 

Best practice calls for frequent 

reviews of alignment with strategy 

High Yes 

CP4.2 Enable bottom-up communications for 

staff to highlight inconsistencies or shortfalls in 

purpose (PM) 

Literature emphasises top-down 

communications but some calls for 

bottom-up communication in 

strategy formation 

Mixed No 

CP4.3 Maintain alignment between purpose and 

internal configuration of the portfolio (RM) 

Need for alignment with internal 

configuration recognised in 

literature but little advice how to 

achieve it 

High No 
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7.1.3 Self-organisation 

SO1. Provide appropriate flexibility to allow agents self-organise in response to 

temporary challenges. There are copious amounts of literature to support flexibility 

and self-organisation at the project level. In contrast, the IS PPM literature advises that 

mature portfolios are centralised with disciplined project management structures 

(Benefield, 2010, Rautiainen et al., 2011) and has little to say about flexible portfolio 

structures that enable staff to move between roles (SO1.1). While the literature 

acknowledges that many portfolio tasks are not suitable for self-organisation 

(Kettunen and Laanti, 2008) research is required to determine which parts of the 

portfolio are (SO1.2). Furthermore, the literature explains that the discretion teams 

have is limited by the type of organisation and the industry it is in (SO1.3) (Kettunen 

and Laanti, 2008). 

SO2. Constrain resources to encourage co-operation between agents. The IS PPM 

literature is agreed that that portfolio resources are generally scarce (Frey and 

Buxmann, 2012, Hansen and Kræmmergaard, 2011). However, it is clear that scarcity 

does not naturally lead to co-operation with some suggesting it is, in fact, enabled by 

a plentiful supply of resources (Amberland, 2013, Tate, 2013). While a few studies 

argue that scarcity creates an interdependency which if managed correctly can turn 

competition into co-operation (De Reyck et al., 2005, Prifling, 2010), in general, rather 

than people competing for the best projects (SO2.1), projects compete for the best 

people (Frey and Buxmann, 2012, Hansen and Kræmmergaard, 2014, Prifling, 2010, 

Vähäniitty, 2012).  

SO3 Move agents around the network to find a better place for their skills. While 

there is a large body of literature looking at talent management in organisations, its 

application in IS PPM is scant. The tight structures associated with IS PPM do not 

support mobility if agents wish to volunteer for new self-organizing projects (SO3.1)  

(Singh et al., 2009). Job rotation is constrained by structures that delineate different 

areas of the portfolio and the need for specialisation (Kumar et al., 2008). However,  

Elbanna (2010) found that mobility is encouraged by adding staff with large networks 

to projects (SO3.1) as other staff seek to move to projects led by influential, well-

connected leaders. He also finds that large networks are valuable to the portfolio. 

However, further research is required as to how staff can build the large personal 
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networks that would help them identify places in the portfolio where their skills would 

be valued (SO3.2). 

Table 7.1-3 Self-Organisation 
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SO1. Provide the appropriate flexibility to allow self-organisation occur around the appropriate 

agents in response to temporary challenges 

SO1.1 Create flat structure where portfolio 

agents supported by leadership training move 

between roles as the situation demands (PM) 

Literature recommends top-down 

portfolio structures with disciplined 

project management  

Low No 

SO1.2 Determine which parts of the portfolio 

are suitable for self-organisation  (PM) 

Acknowledges that self-organisation 

not always appropriate but not clear 

how to determine when it is 

High No 

SO1.3 Provide portfolio teams with discretion 

to decide what they do and how they do it (PS) 

Literature argues team discretion 

limited by organisation and industry 

Low No 

SO2. Constrain resources to encourage co-operation between agents 

SO2.1 Encourage agents to compete to get on 

the best projects by limiting the number of  

projects available (PS) 

Literature suggests projects compete 

for people, not vice versa 

Low No 

SO3. Move agents around the network to find a better place for their skills 

SO3.1 Support mobility if agents wish to 

volunteer for new self-organizing projects 

(RM) 

Literature suggests IS PPM leads to 

tighter structures that restrict mobility 

Low No 

SO3.2 Add agents with a large network to 

important projects (RM) 

Evidence suggests that staff move to  

projects with well-connected leaders 

High No 

SO3.3 Encourage agents to build large personal 

networks (RM) 

Value of large personal networks 

noted but not how to create them 

High No 

SO4. Facilitate preferential attachment of similar agents through tagging and increased mobility 

SO4.1 Use mechanisms such as badges or 

special interest groups to allow portfolio agents 

recognise other similar agents with required 

skills (RM) 

Some mechanisms to support 

attachment investigated in IS PPM 

but not badges, sigs etc.  

Mixed No 

SO4.2 Engage in team-building exercises that 

enable portfolio agents to identify common 

interests that may result in collaboration (RM) 

Importance of team building 

recognised but its role in enabling 

collaboration needs to be investigated 

Mixed No 

SO5. Agree on common standards where possible to facilitate self-organisation 

SO5.1 Implement common standards for 

architecture, coding and governance across the 

portfolio  (RM) 

Literature emphasises the need for 

standardisation. However it is 

generally imposed not agreed 

Low No 

SO5.2 Standardise and restrict team sizes (RM) Scaling effective techniques to larger 

teams subject to investigation as 

smaller teams more effective 

High Yes 

SO5.3 Restrict the number of teams interacting 

with each other on a regular basis (RM) 

Literature acknowledges portfolio 

should minimise interdependencies 

where possible 

High Yes 
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SO4. Facilitate attachment between similar agents, e.g. through tagging and 

increased mobility. While there is limited investigation of some of the mechanisms to 

achieve attachment between portfolio agents (Elbanna, 2013), the use of badges and 

special interest groups etc. (SO4.1) has not been researched in IS PPM. Furthermore, 

while team building exercises are seen as a sign of top-management buy-in (Singh et 

al., 2009), there is little investigation how they can be used to help identify colleagues 

to collaborate with (SO4.2).  

 
SO5. Agree common standards where possible to facilitate self-organisation. The 

role of standardisation is well documented in IS PPM (De Reyck et al., 2005, Frey and 

Buxmann, 2011, Ross and Beck, 2008). However, it is generally achieved through top-

down centralised imposition (Frey and Buxmann, 2011) and this researcher found no 

IS PPM research that has examined how common portfolio standards can be created 

in a collaborative manner compatible with CAS (SO5.1). While scaling project 

management techniques to large teams is subject to investigation, the literature 

acknowledges the effectiveness of smaller teams (SO5.2) (Conboy, 2010, Vähäniitty, 

2012), and that, where possible, interdependencies between teams should be 

minimised (SO5.3) (Kettunen and Laanti, 2008). 

7.1.4 Requisite Variety 

RV1. Match agent diversity with environmental complexity. There are many studies 

that emphasise the need for staff diversity in IS PPM (Daniel et al., 2014, Chiang and 

Nunez, 2013, Jiang and Klein, 1999a, Kettunen and Laanti, 2008). Kettunen and 

Laanti (2008) describe a multi-skilled work-force as a portfolio enabler, and other 

studies acknowledge that a shortage of skills is problematic at the portfolio level (e.g. 

Hansen and Kræmmergaard, 2014). While the desire for specialisation (Frey and 

Buxmann, 2012) can sometimes impair skills diversity, and the need to achieve the 

appropriate balance of diversity by recruiting from different sources (RV1.1) is well 

understood. 

RV2. Modify existing and import new agents to maintain diversity. Because 

portfolios seek to match projects to the limited resources available (Angelou and 

Economides, 2008a, Bardhan et al., 2004, De Reyck et al., 2005), staff are seen as a 

“constraint” that has to be managed with continuous learning and development 

(RV2.1). Yet, while the benefits of generalists are recognised, and staff are rotated to 
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complete projects (De Reyck et al., 2005), there is no IS PPM research examining how 

cross-training can be used to increase the diversity of skills available to the portfolio 

(RV2.2). Furthermore, because there is unlikely to be sufficient resources within the 

organisation, staff turnover is seen as a portfolio risk  (De Reyck et al., 2005), not a 

means to create diversity (RV2.3). However, the literature does acknowledge that 

portfolios must recruit from multiple sources (RV2.4) (Elbanna, 2010, Drake and 

Byrd, 2006, Daniel et al., 2014), or use staff from outside the portfolio to complete 

projects (Daniel et al., 2014).  

Table 7.1-4 Requisite Variety 
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RV1. Match diversity of agents with environmental complexity 

RV1.1 Attempt to attract a more diverse range 

of graduates if in dynamic environment (RM) 

Literature recognised need for 

diversity recognised but not clear how 

to achieve it 

High No 

RV2. Modify existing agents and import new agents to maintain diversity 

RV2.1 Provide continuous learning and 

development for all agents to prepare them for 

new challenges (RM) 

Literature recognises need for 

continuous training to create necessary 

skills 

High Yes 

RV2.2 Provide agents with cross training in 

different roles (RM) 

Literature recommends rotation to 

cover skills shortage not cross-training 

to create new skills 

High No 

RV2.3 Move agents around, into and out of the 

portfolio with a managed turnover (RM) 

IS PPM sees staff turnover seen as a 

threat, not an opportunity to create 

diversity 

Low No 

RV2.4 Recruit portfolio agents from multiple 

sources (RM) 

Literature recommends recruitment 

from multiple sources 

High Yes 

RV3. Create an ecosystem rich in resources to attract the best agents 

RV3.1 Run some exciting projects that attract 

and retain ambitious portfolio agents and result 

in further exciting projects  

Research shows effective and exciting 

projects attract staff 

High Yes 

RV3.2 Provide mix of remuneration and 

benefits consistent with similar portfolios 

outside the organisation (RM) 

Literature argues for special reward 

systems and incentives to attract the 

best staff 

High Yes 

 

RV3. Create an ecosystem attractive to the best agents. There are only a few studies 

in IS looking at how portfolios attract the best staff. Elbanna (2010) suggests that 

certain types of exciting projects do attract talent that can lead to further exciting 

projects (RV3.1). Greenhalgh and Keen (2012) support this, arguing that a portfolio 

with effective projects is less reliant on financial incentives to attract staff. Portfolios 

must provide a mix of benefits consistent with similar portfolios to attract staff 
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(RV3.2). According to Jeffery and Leliveld (2004) executives design special reward 

systems to attract the best staff. Both Elbanna (2010) and Greenhalgh and Keen (2012) 

describe how “lavish” offerings and cash bonuses are used to attract staff.  

7.1.5 Agent Adaptiveness 

AD1. Develop, use and continuously revise a multi-objective fitness function that 

aligns agent goals and system purpose. IS PPM’s origins in financial theory mean 

many older studies were limited to financial metrics (McFarlan, 1981). However, 

Jeffery and Leliveld (2004) advise that mature portfolios identify and focus on around 

“a dozen” key metrics (AD1.1). However, while metrics are used for project selection 

and performance (De Reyck et al., 2005, Jeffery and Leliveld, 2004), there is little 

evidence of their use to promote or reward staff (AD1.2). Dingsøyr and Moe (2014) 

propose that constant feedback about performance enables portfolio staff to improve 

their alignment with the portfolio and call for research to investigate how it may be 

achieved (AD1.3). Jeffery and Leliveld (2004) suggest that all metrics should 

constantly evolve as the environment changes (AD1.4).  

AD2. Use the fitness function to exclude agents who fail to improve their fitness. 

While only high performing staff with a capacity to change should be rewarded and 

retained, this rarely happens, even when it is stated portfolio policy (Burke and Shaw, 

2008). Kalliney (2009) found that poor performers stay in place until the portfolio 

loses the ability to organise. Research is needed to determine how a fitness function 

can be used to retain and reward staff with a capacity to change (AD2.1). The capacity 

to change is supported by mature portfolios which ensure continuous professional 

development is available to all staff (AD2.2) (Kumar et al., 2008, Ross and Beck, 

2008, Kettunen and Laanti, 2008).  
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Table 7.1-5 Adaptiveness 
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AD1. Develop, use and continuously revise a multi-objective fitness function that aligns agent goals 

and system purpose 

AD1.1 Identify the multiple metrics that 

support financial performance and 

innovation (PM) 

Literature recommends portfolio focuses 

on about  a dozen key metrics 

High Yes 

AD1.2 Promote, reward and retain agents 

by their performance against the fitness 

function (RM) 

No evidence in IS PPM literature of 

metrics used for promotion 

Low No 

AD1.3 Provide continuous feedback to 

agents on their performance (PM) 

Constant feedback helps staff improve 

performance 

High No 

AD1.4 Revise the fitness function regularly 

in light of changing environment (PM) 

Metrics need to be evolved continuously High Yes 

AD2. Use the fitness function to exclude agents who fail to improve their fitness 

AD2.1 Retain and reward only the portfolio 

agents that display a capacity to change or 

adapt, e.g. managed staff turnover (RM) 

Literature supports retention and reward 

for staff with a capacity to change, but in 

reality, staff who fail to change are rarely 

excluded 

High No 

AD2.2 Make regular continuous 

professional development available to all 

portfolio agents (RM)  

IS PPM recommends continuous training 

for all staff 

High Yes 

AD3. Encourage high performing agents to continue to adapt 

AD3.1 Provide funding for additional 

training courses as rewards  (RM) 

While the literature recommends training 

for all,  it is prioritised for problem staff 

and not used as a reward 

Low No 

AD3.2 Identify the appropriate balance 

between adaptability and performance 

optimisation 

No research examining how to balance 

performance and adaptiveness 

Low No 

AD4. Encourage agents to perform gradual experiments in response to environmental change 

AD4.1 Provide portfolio agents with a 

career development roadmap with small 

milestones (RM) 

Literature suggests that career 

development milestones can encourage 

experiments and change 

Yes No 

AD4.2 Ensure effective changes rewarded 

promptly with feedback and small tokens 

(RM) 

Use of small tokens to reward effective 

changes not investigated in literature 

Low No 

AD5. Create and retain experienced agents 

AD5.1 Encourage portfolio agents to get as 

wide a range of experiences as possible 

(RM) 

Literature focuses retaining specialised 

staff not creating generalists with wide 

range of experience 

Low No 

AD5.2 Encourage experienced portfolio 

agents to act as sages for new teams  

Literature advises how experienced agents 

can help new teams 

High Yes 

AD5.3 Dismiss portfolio agents that do not 

demonstrate a capacity to continue to learn 

(RM) 

Research needed on how to dismiss 

portfolio staff 

Low No 

 

AD3. Encourage high performing agents to continue to adapt. While the IS PPM 

literature acknowledges the importance of continuous professional development 
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(Kumar et al., 2008, Ross and Beck, 2008, Kettunen and Laanti, 2008), in reality 

training is often “barely sufficient” and focused on rectifying problem staff and 

optimising processes  (Kalliney, 2009, De Reyck et al., 2005) rather than creating 

increased adaptiveness. The provision of resources for training as a reward for high 

performing agents (AD3.1) to ensure they continue to adapt has not been investigated. 

The focus of IS PPM is on project performance, not individuals and research is needed 

on how to balance individual performance with adaptiveness (AD3.2). 

AD4. Encourage agents to perform gradual experiments in response to 

environmental changes. Tight alignment with strategy and cost-cutting causes many 

portfolios to reduce experimentation. However, Daniel et al. (2014) describe how 

small adjustments to prioritisation criteria can encourage experimentation even when 

cost is the predominant focus. This experimentation can be supported by career 

development milestones that are designed to encourage staff to make small changes 

(Elbanna, 2013) (AD4.1). However, more research is required to understand how this 

practice is enacted. Furthermore, the provision of small tokens to reward effective 

changes (AD4.2) and experiments has not been investigated in the IS PPM literature. 

AD5. Create and retain experienced agents. The importance of retaining experienced 

agents is widely acknowledged, as high levels of staff turnover are associated with 

increased portfolio risk (De Reyck et al., 2005, Drake and Byrd, 2006, Benaroch, 

2002). However, IS PPM focuses on reducing the rate of staff turnover (McFarlan, 

1981), and does not advise how to create staff with a wide range of experience 

(AD5.1). Indeed, Frey and Buxmann (2012) suggest that wider experience may not be 

desirable if it impedes specialisation. The literature does recognise the importance of 

experienced portfolio actors helping new teams (AD5.2) (Singh et al., 2009, Frey and 

Buxmann, 2011), especially when adopting new methodologies (Hodgkins and 

Hohmann, 2007). As stated in AD2, research is needed on how to dismiss staff who 

display no capacity to learn and to change (AD5.3) 

7.2 Environment 

7.2.1 Open Boundary 

OB1. Create a protective space for agents that simultaneously protects them while 

allowing them access resources. While portfolio and project methodologies generally 
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try to delineate boundaries between projects and their environment, Elbanna (2010) 

argues that portfolio staff must cross loose boundaries to exchange information and 

access resources. These permeable boundaries create a “negotiation space” where staff 

can engage in boundary scanning while insulated from unrealistic demands and 

criticisms (OB1.1). Because the boundaries are permeable, Jeffery and Leliveld (2004) 

suggest that executives must design systems to reward staff appropriately compared 

with competitors (OB1.2), or they will leave the portfolio. 

OB2. Continuously import resources and export waste. While some studies focus on 

the elimination of unnecessary documentation or technical debt (Hodgkins and 

Hohmann, 2007, Dingsøyr and Moe, 2014, Vähäniitty and Rautiainen, 2008), 

practices supporting the exchange of resources and waste require investigation. There 

is little research examining the criteria used to recruit or dismiss portfolio staff 

(OB2.1). While IS PPM generally recommends tight policies around resource 

management, Kundisch and Meier (2011) argue that constraints around procurement 

must be relaxed to allow the importation of essential resources (OB2.2). While the 

literature agrees that projects should be cancelled when appropriate (OB4.3) 

(Benaroch, 2002, Daniel et al., 2014), research is required to overcome the problem 

of escalating commitment to failing projects. Political problems and conflict can build 

up in an IS portfolio as a type of waste (De Reyck et al., 2005, Singh et al., 2009). 

However, while conflict resolution has been investigated at the project level in IS 

(Pinto and Kharbanda, 1995), it has not been studied in IS PPM (OB2.4). 

OB3. Encourage and enable appropriately skilled agents to engage in boundary-

spanning activities. While many methodologies attempt to delineate the portfolio or 

its projects from its environment, boundary-spanning is important in the IS literature 

(Gasson, 2006) and has been studied in IS PPM (Elbanna, 2013). IS PPM involves 

collaboration between different parts of the organisation and with customers 

(Dingsøyr and Moe, 2013). However, research is required in how to cross-train staff 

to be able to collaborate outside their units (OB3.1). Furthermore, no IS PPM research 

was identified investigating how to reward staff for cross-boundary activities (OB3.2). 
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Table 7.2-1 Open Boundary 
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OB1 Create a protective space where agents can safely access resources 

OB1.1 Insulate staff engaged in boundary 

scanning from unrealistic demands and 

criticism (RM) 

Some research acknowledges permeable 

boundaries necessary to insulate staff 

engaged in boundary scanning 

High Yes 

OB1.2 Reward portfolio staff 

appropriately compared to competitors 

(RM) 

Literature recommends systems designed to 

reward staff appropriately 

High Yes 

OB2 Import resources and export waste continuously 

OB2.1 Ensure recruitment practices make 

it easy to recruit and dismiss staff as 

appropriate (RM) 

Practices around the recruitment and 

dismissal of staff require further 

investigation in IS PPM 

Low No 

OB2.2 Ensure procurement policies are 

flexible enough to allow change in level 

of resources (RM) 

While literature advocates strict resource 

management practices, constraints around 

procurement may be relaxed to allow import 

of essential resources 

High Yes 

OB2.3 Cancel projects when appropriate 

(PS) 

Literature calls for projects should be 

cancelled when appropriate but issues 

around escalating commitment 

High No 

OB2.4 Develop a dispute resolution 

process to prevent the build-up of conflict 

(PM) 

IS PPM literature has not investigated 

processes for dispute resolution  

Low No 

OB3 Encourage and enable appropriately skilled agents to engage in boundary-spanning activities 

OB3.1 Cross-train staff to enable them to 

collaborate outside their units (RM) 

Collaboration essential but research required 

as to how to achieve it 

High No 

OB3.2 Reward staff for engaging in 

cross-boundary activities (RM) 

No research examining rewards for 

boundary spanning 

Low No 

OB4 Identify and manage the discontinuity between the formal portfolio management system and 

informal CAS 

OB4.1 Ensure portfolio agents are aware 

of the changing informal system boundary 

around the portfolio and are prepared to 

work with agents outside the official 

portfolio (PM) 

Literature recommends that staff are aware 

of changing informal and formal boundaries 

and are prepared to work with other staff 

outside the portfolio 

High Yes 

OB4.2 Allow unofficial projects to 

proceed if they can be incorporated into 

the portfolio if successful (PS) 

IS PPM acknowledges the importance of un-

enacted projects but not clear how to 

reincorporate them 

High No 

OB4.3 Portfolio, either formally or 

informally, rewards staff outside the 

portfolio who contribute to its goals (RM) 

Literature acknowledges portfolio relies on 

staff outside portfolio but not how to reward 

them 

Low No 

 

OB4. Manage the alignment between the formal management system and informal 

CAS. All portfolios contain “un-enacted” projects that have not been officially 

sanctioned (Buchwald and Urbach, 2012, Blichfeldt and Eskerod, 2008). This means 

staff need to be aware of the constantly changing informal portfolio boundary and 
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prepared to work with staff from outside the portfolio (Elbanna, 2013, Dingsøyr and 

Moe, 2014, Daniel et al., 2014). The literature recognises the importance of allowing 

these unacted projects proceed providing they do not take resources from officially 

sanctioned projects (Blichfeldt and Eskerod, 2008). However, it is not clear how to 

incorporate these projects back into the portfolio (OB4.2). As stated above the IS PPM 

relies on staff and managers from outside the portfolio (Daniel et al., 2014). However, 

further research is needed to understand how they are rewarded (OB4.3). Source of 

resources. 

7.2.2 Source of Resources 

SR1. Maintain a regular flow of resources through the system. While resources in 

are generally treated a fixed constraint (Frey and Buxmann, 2011), the IS PPM 

literature acknowledges that the portfolio maintains a flow of resources through itself. 

This is achieved by continuously invest in maintaining and upgrading infrastructure 

(SR1.1) (Hodgkins and Hohmann, 2007, Hamilton, 1999). Because resources within 

the portfolio are scare, the portfolio must maintain a flow of resources from the 

environment and address gaps, e.g. through outsourcing (Drake and Byrd, 2006). 

However, non-financial controls can act as constraint they must sometimes be relaxed 

to allow essential resources be imported (SR1.2) (Kundisch and Meier, 2011).  

SR2. Reorganise structure in response to changes in resources available. Some 

studies discuss the most appropriate structure for a portfolio (Frey and Buxmann, 

2011, Hodgkins and Hohmann, 2007). However, the aim of these studies is to identify 

structures that support collaboration and performance in specific organisations 

(Dingsøyr and Moe, 2013, Dingsøyr and Moe, 2014), not to examine whether 

structures remain appropriate as teams are added or removed (SR2.1). Furthermore, it 

is acknowledged that structures supporting methodologies such as agile do not scale 

effectively (Dingsøyr and Moe, 2013) and research is needed to determine how 

governance structures change as the portfolio scales up or down. 

SR3. Encourage agents to constantly search for new resources and experiment with 

new ways to use existing resources (SR3). The identification of ways to experiment 

with new resources has not been investigated at the portfolio level. For example, while 

the use of hackathons is well understood as a means of taking advantage of new 

technologies (SR3.1), they are yet to be investigated in IS PPM. Furthermore, while 
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Elbanna (2010) suggests that successful experiments can be adopted across the 

portfolio (SR3.2) and lead to durable solutions, research is needed to examine how 

this happens. The relationship between IS PPM and start-ups has been identified as an 

avenue for future research (Unterkalmsteiner et al., 2016). 
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SR1. Maintain a regular flow of resources through the system 

SR1.1 Invest in maintaining and upgrading 

infrastructure (RM) 

Literature recommends portfolio 

maintains and upgrades infrastructure 

High Yes 

SR1.2 Relax portfolio procurement policies 

to allow stakeholders provide it with essential 

resources (RM) 

Non-financial constraints can be relaxed 

to allow procurement of essential 

resources 

High Yes 

SR2. Reorganise the structure in response to changes in available resources 

SR2.1 Update the portfolio governance 

structure as teams are added or taken away 

(PM) 

Literature acknowledges problems with 

scaling some structures, research required 

as to how governance structures should 

change as the portfolio scales up or 

down. 

Low No 

SR3. Encourage agents to constantly search for new resources and experiment with new ways to use 

existing resources 

SR3.1 Hold hackathons to discover how to 

take advantage of new technologies (PS)  

Use of hackathons not investigated in IS 

PPM 

Low No 

SR3.2 Adopts the results of successful 

experiments across the whole portfolio (PM)  

The literature supports the adoption of 

successful experiments but does not 

describe how to achieve it 

High No 

SR3.3 Spin out successful experiments 

inconsistent with portfolio purpose as start-

up companies (SA) 

Relationship between IS PPM and start-

ups identified as an avenue for further 

research 

Low No 

SR4. Adopt an architecture that facilities the flow of resources from the environment 

SR4.1 Use industry standard architecture and 

coding styles that facilitate the utilisation of 

resources from outside the portfolio (PM) 

Literature advises that use of standards 

supports interoperability and utilisation 

of external resources 

High Yes 

 

SR4. Adopt an architecture that facilities the flow of resources from the 

environment. The IS PPM literature advises that appropriate industry standard 

architecture and coding styles can enable the use and re-use of common resources from 

outside the portfolio (SR4.1) leading to increased synergies  (Cho and Shaw, 2009, 

Drake and Byrd, 2006). For example, Chiang and Nunez (2013) argue that 

compatibility between architecture and tools is necessary to enable the flow of 

resources into the portfolio and Hamilton (1999) explains that standardised 

architecture enables everyone to contribute to the portfolio.  
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7.2.3 Dynamic Environment 

DE1. Constantly revise targets in response to environmental change (DE1). It is 

acknowledged that both the function of the portfolio and the environment it is situated 

in evolves over time and that the portfolio goals and targets are changing (Singh et al., 

2009, Vähäniitty, 2012). Therefore Jeffery and Leliveld (2004) argue that portfolio 

KPIs should be regularly reviewed against changing strategic objectives and other 

high-performing competitors (DE1.1). Furthermore, (Daniel et al., 2014) proposes that 

portfolios must revise their goals in response to changing economic conditions 

(DE1.2). 

DE2. Regularly test and update environmental models. The use of models to estimate 

environmental risk is widespread both in the quantitative IS PPM literature (Bardhan 

et al., 2004, Cho and Shaw, 2009) and in practice (De Reyck et al., 2005). These 

models are used to aid decision making (DE2.1) around project selection, strategy and 

resource management. However, while these models include variables that can 

change, the need to fundamentally change the model has not been studied.  

DE3. Constantly monitor the environment for threats and opportunities and respond 

appropriately. The ability to monitor the environment and respond appropriately is 

considered critical in IS PPM (De Reyck et al., 2005, Elbanna, 2010, Kettunen and 

Laanti, 2008). However, Daniel et al. (2014) suggest there is little literature on how to 

train portfolio staff to scan the environment and communicate the opportunities and 

threats they see  (DE3.1). As recognised in CP4, it must be possible for strategy change 

in response to opportunities and threats identified (DE3.2) (Prifling, 2010, Greenhalgh 

and Keen, 2012), however, other than through the bottom up enactment of projects; 

little research has examined how that can be achieved. 

DE4. Move planning from an episodic to continuous basis. Problems associated with 

episodic planning are acknowledged in the IS PPM literature. While some long-term 

planning is necessary, the “big plan up-front” (BPUF) approach, associated with 

traditional PPM methods, leads to problems, unless flexibility is possible (Thomas and 

Baker, 2008, Hodgkins and Hohmann, 2007). Flexibility can be achieved by using 

agile techniques such as portfolio roadmaps and backlogs (DE4.1). The backlog has 

flexible release dates continuously revised at the appropriate cadence (DE4.2) 

(Dingsøyr and Moe, 2014, Kalliney, 2009).  
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DE1. Revise targets constantly in response to environmental change 

DE1.1 Regularly review all portfolio 

KPIs against strategic objectives and 

competitors (PM) 

Literature calls for KPIs to be reviewed in 

response to changing objectives and high 

performing customers 

High Yes 

DE1.2 Revise portfolio goals in 

response to changing economic 

conditions (PM) 

Portfolio goals should be revised in 

response to changing economic situation 

High Yes 

DE2. Build, test and update environmental models regularly 

DE2.1 Create a model of portfolio 

environment to guides decision 

making (PM) 

Quantitative literature models environment 

to help decision making 

High Yes 

DE2.2 Constantly test and refine 

environmental models (SA) 

Literature does not discuss the need to test 

and refine models as environment changes 

Low No 

DE3. Monitor the environment constantly for threats and opportunities and respond appropriately 

DE3.1 Train portfolio staff to engage 

in environmental scanning and to 

communicate the opportunities and 

threats they identify (SA) 

Need for scanning and communication of 

results recognised in literature but research 

required on how to train staff to achieve it 

High No 

DE3.2 Revise portfolio strategy in 

response to opportunities and threats 

identified (SA) 

Other than bottom-up projects the 

literature has little to say how strategy may 

be revised 

High Mixed 

DE4. Move planning from an episodic to continuous basis 

DE4.1 Replace long-term portfolio 

plan with portfolio backlog (SA)  

Some literature, e.g. agile, calls for switch 

from BPUF to roadmaps and backlog 

High Yes 

DE4.2 Reprioritise portfolio backlog at 

the same cadence as the portfolio (PS) 

These backlogs can be reprioritised 

continuously at the same cadence as the 

environment 

High Yes 

 

7.2.4 No optimal state 

NO1. Evaluate system on a diverse range of factors. While some approaches argue 

that performance is the aggregation of individual projects (PMI, 2013, Kumar et al., 

2008), Daniel et al. (2014) advise that IS PPM should focus on portfolio metrics. 

Projects, individuals and teams have competing interests, (Hodgkins and Hohmann, 

2007), so it is necessary to identify common portfolio goals that individual and team 

targets can be related to (NO1.1) (Hansen and Kræmmergaard, 2011). However, 

despite these performance factors competing with each other (Singh et al., 2009, 

Hodgkins and Hohmann, 2007), the literature recommends that the different 

performance factors are weighted and the optimal configuration is chosen (Chiang and 

Nunez, 2013, Daniel et al., 2014, Dickinson et al., 2001, Jeffery and Leliveld, 2004), 
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rather than resolving the conflicts between them (NO1.2) (Blichfeldt and Eskerod, 

2008, Elbanna, 2013). The literature recognises the importance of balancing long and 

short-term performance needs (NO1.3) (Dickinson et al., 2001, De Reyck et al., 2005). 

However, many quantitative methods struggle to measure long-term value due to 

increasing levels of uncertainty over time (Burke and Shaw, 2008). Therefore, a mix 

of quantitative and qualitative approaches are used, as well as weighting long-term 

value appropriately (Jeffery and Leliveld, 2004, Hodgkins and Hohmann, 2007).  

NO2. Monitor the changing sensitivity between performance factors. The literature 

recommends the use of a dependency matrix which measures the sensitivity between 

the performance of different projects across the portfolio (Chiang and Nunez, 2013, 

Dickinson et al., 2001). However, further research is required to incorporate factors 

other than project performance and to understand how to monitor the changing 

sensitivities between these performance factors (NO2.1).   
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NO1. Evaluate the system on a diverse range of factors 

NO1.1 Relate all individual targets to 

overall performance goals (PM) 

IS PPM should identify common goals 

that individual targets are related to 

High Yes 

NO1.2 Reconcile competing portfolio 

performance goals (PM) 

Literature suggests optimal configuration 

can be chosen rather than resolving 

conflicts 

Low No 

NO1.3 Balance long and short-term 

performance (PM) 

Mix of quantitative and qualitative 

measures with Long-term criteria 

weighted  

High Yes 

NO2. Monitor the changing sensitivity between performance factors 

NO2.1 Map the dependencies between the 

different factors that make up portfolio 

performance and weight them accordingly 

(PM) 

The literature recommends using a 

dependency matrix. However, this needs 

to be extended to include all factors  

High No 

NO3. Identify and satisfy basic survival criteria 

NO3.1 Identify which performance 

metrics need to be optimised and which 

factors need to be satisfied (PM) 

Normative stream of IS PPM identifies 

what factors need to be satisfied 

High Yes 

NO3.2 Ensure that basic survival criteria  

are satisfied before seeking to improve 

other performance measures (PM) 

Literature advises that portfolio must 

satisfy survival criteria before addressing 

performance 

High Yes 

 

NO3. Identify and satisfy basic survival criteria. According to Elbanna (2010), the 

normative stream of IS PPM identifies the factors critical to the portfolio survival 
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(NO3.1). For example, studies describe how some critical projects must be selected 

regardless of their financial return (Chiang and Nunez, 2013, Burke and Shaw, 2008) 

and how top management support is crucial for a portfolio to survive (Elbanna, 2013, 

Jiang and Klein, 1999a). McFarlan (1981) advises that parts of the portfolio essential 

for survival must be prioritised before seeking to improve portfolio performance 

(NO3.2). Portfolio roadmaps can help identify priorities (Hodgkins and Hohmann, 

2007) 

7.3 Interactions 

7.3.1 Connectivity  

IC1. Match network structure to purpose and the environment. The relationship 

between organisational structure and software referred to as Conway’s Law, has been 

investigated extensively at the project level (Herbsleb and Grinter, 1999). Research is 

more limited at the portfolio level, focusing on the different forms of portfolio 

structure that exist (Frey and Buxmann, 2011). The literature identifies that different 

structures may be appropriate to foster different types of collaboration (Dingsøyr and 

Moe, 2013). However, further research is required to determine the appropriate 

structure for portfolios depending on their purpose and environment (IC1.1), and how 

to evolve existing structures to the desired structure (IC1.2). 

IC2. Catalyse connections between agents. The use of appropriately sized meetings 

is most closely associated with agile. While problems have been reporting scaling 

some agile practices to the portfolio, Kalliney (2009) recommends supplementing the 

daily scrum of scrums with additional regular meetings which act as a “spring-board” 

for appropriately sized follow-up meetings with a purposeful agenda (IC2.1). The 

importance of portfolio culture is acknowledged (Singh et al., 2009, Drake and Byrd, 

2006). However, Prifling (2010) argues that further research is required to determine 

how to achieve a portfolio culture that facilitates the exchange of information and 

resources  (IC2.2). While IS PPM generally focuses on the optimal use of resources, 

some evidence was found of organisations ensuring staff have time to interact 

effectively at events (IC2.3) (Amberland, 2013). 

 

IC3. Encourage agents to avoid connections that provide no benefit to them or the 

system.  The benefit of keeping portfolio teams as small as possible (IC3.1) is 



236 
 

recognised in the agile literature, and traditional approaches acknowledge that large 

teams are associated with project failure (Singh et al., 2009). However, this is seen as 

a limitation of IS PPM that needs to be overcome. While the literature acknowledges 

that some connections are more important than others (Elbanna, 2010), the elimination 

of redundancy is challenging (Verhoef, 2005) and there is no guidance to advise staff 

how to concentrate on connections with staff with whom they might add value (IC3.2). 

The importance of informal communications is well recognised in IS PPM, and they 

are recognised where appropriate (IC3.3) (Elbanna, 2013, Hansen and 

Kræmmergaard, 2014, Hansen and Kræmmergaard, 2013) 

Table 7.3-1 Connectivity 

 

CAPPP Practice 
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IC1. Match network structure to purpose and the environment 

IC1.1 Determine appropriate portfolio 

network structure for strategy and 

environment (PM) 

Research required to determine what 

structures are best suited to purpose and 

environment 

High No 

IC1.2 Evolve existing structure to desired 

structure (PM) 

Research required as to how to evolve 

towards desired structure 

Low No 

IC2. Catalyse connections between agents as they come in contact 

IC2.1 Size meetings appropriately, with a 

purposeful agenda, limited to meaningful 

content (PM) 

Literature recommends meetings act as a 

springboard for smaller purposeful 

meetings 

High Yes 

IC2.2 Establish a portfolio culture that 

supports the exchange of information and 

resources during work and breaks (PM) 

Literature recognises importance of culture 

recognised but not clear how to achieve it 

High No 

IC2.3 Ensure portfolio staff have the time 

to interact meaningfully at events such as 

special interest groups (RM) 

While IS PPM focuses on optimal use of 

resources, evidence suggests some teams 

are provided time to interact 

Mixed No 

IC3. Agents should avoid connections that provide no benefit to them or the system 

IC3.1 Keep portfolio teams as small as 

possible (PM) 

Literature acknowledges efficacy  of small 

teams but sees it as a limitation to be 

overcome 

Mixed Yes 

IC3.2 Portfolio staff are encouraged to 

concentrate on connections with staff with 

whom they can create value (PM) 

Literature acknowledges that some 

connections are more important but does 

not show how to recognise them 

High No 

IC3.3 Informal communications are 

encouraged where appropriate (PM) 

Importance of informal connections 

recognised and encouraged where 

appropriate 

High Yes 

. 
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7.3.2 Exchange of resources 

ER1. Encourage agents to take a system-wide view of resource allocation. A system-

wide view of resources can save portfolios huge amounts by eliminating unnecessary 

work (Kersten and Verhoef, 2003). However, system-wide information about the 

return of resources is scarce in IS PPM (De Reyck et al., 2005), making it challenging 

to provide feedback on the return from different resources throughout the portfolio 

(ER1.1). Furthermore, failure to provide feedback to teams makes it is impossible to 

achieve concerted action (Hamilton, 1999). 

ER2. Reward agents fairly for sharing resources. Cho and Shaw (2009) argue sharing 

creates wealth that can be divided among the teams that create it. Kumar et al. (2008) 

argue that this benefit sharing is essential to get new projects approved. While 

heuristics and mechanisms such as scrum of scrums exist to facilitate the exchange of 

resources (Rautiainen et al., 2011), the IS PPM literature shows little evidence of 

teams being tangibly rewarded for sharing (ER2.1). Further research is required to 

determine how heuristics and other mechanisms, such as transfer pricing, used in other 

portfolio management disciples could be applied to IS PPM to reward staff and teams 

for sharing. 

ER3. Govern the exchange of resources with simple rules (ER3). Resource allocation 

in IS PPM is generally a complicated formal process (Jeffery and Leliveld, 2004). 

However, Rautiainen et al. (2011) argue that portfolios need simple “rules of thumb” 

such as projects automatically sharing resources with higher priority projects and 

Vähäniitty (2012) suggests that heuristics or rules around cycle times facilitate the 

management of dependencies around shared resources. Frey and Buxmann (2011) 

describe how, in a decentralised structure, units have authority to make decisions about 

resources below a certain threshold (ER3.1). However, it is not clear how teams can 

be encouraged to forgo resources, and the use of redeemable credits to reward teams 

who forego resources (ER3.2) has not been investigated. 

ER4. Encourage agents to build personal relationships. While McFarlan (1981) 

warns of problems in organisations that prioritise personal relationships, others argue 

that these relationships actually strengthen the portfolio (Hansen and Kræmmergaard, 

2012). The agile literature emphasises the benefits from strong interpersonal 

relationships associated with co-located teams (ER4.1). However, this is seen as a 
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weakness in IS PPM to be overcome (Dingsøyr and Moe, 2013), rather than a 

justification for co-location. Portfolios continue to seek to exploit the advantages of 

distributed teams despite research showing a higher cost of failure associated with 

them (Conboy, 2010). Questions around distributed teams, such as how frequently 

they should meet, require further investigation (ER4.2). While Elbanna (2013) argues 

that portfolio management requires strong interpersonal relationships, further research 

is required as to how staff can build large personal networks that help them identify 

places in the portfolio where their skills would be valued, and the use of techniques, 

such extra-curricular activities at the portfolio level, (ER4.3) have not been 

investigated. 

Table 7.3-2 Exchange of Resources 
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ER1. Encourage agents to take a system-wide view of resource allocation 

ER1.1 Provide portfolio staff with 

feedback on the return from different 

resources throughout the organisation 

(RM) 

Importance of feedback in creating 

system-wide view understood, but lack of 

information makes it challenging 

High No 

ER2. Reward agents fairly for sharing resources 

ER2.1 Reward portfolio staff fairly 

for exchanging resources. (PM) 

Benefits of sharing understood, but 

beyond benefit sharing little evidence of 

tangible rewards 

Mixed No 

ER3. Govern the exchange of resources with simple rules 

ER3.1 The portfolio allows teams 

exchange resources below a certain 

threshold without higher approval 

(RM) 

Resource allocation generally formal but 

decentralised structures and heuristics can 

give teams authority to exchange 

resources 

High Yes 

ER3.2 Teams that forgo resources 

receive credits that can be redeemed 

later (RM) 

Not clear how teams can be encouraged 

to forgo resources, and the use of 

redeemable credits needs to be researched 

Low No 

ER4. Encourage agents to build personal relationships 

ER4.1 Co-locate teams where 

possible. (RM) 

Literature recognises the benefits of co-

location but sees it as a weakness  

Low No 

ER4.2 Bring teams together as 

frequently as possible when they are 

not co-located (RM)  

Questions around frequency of meetings 

between distributed teams require 

investigation 

Low No 

ER4.3 Use extracurricular activities 

to help form or repair personal bonds 

between staff  (RM) 

Role of extra-curricular activities in 

improving portfolio level relationships 

needs investigation 

Low No 

 



239 
 

7.3.3 Co-evolutionary Interactions 

CO1. Identify co-evolving clusters of agents and manage them as a whole (NI2). 

While the concept of clustering projects and teams is central to IS PPM (Chiang and 

Nunez, 2013), the identification of interrelated portfolio staff that work together and 

their training to help them co-operate more effectively (CO1.1) requires investigation. 

Adherence to common standards facilitates co-evolution in IS (Benbya and 

McKelvey, 2006b). While the advantage of standards within the portfolio (Hamilton, 

1999, Frey and Buxmann, 2011) and across the industry (Dingsøyr and Moe, 2014) is 

acknowledged in IS PPM, it is unclear from the literature how portfolios can seek to 

contribute to industry evolution and co-evolution by participating in standard setting. 

CO2. Focus on getting the right behaviours rather than evaluating short-term 

outcomes. According to De Reyck et al. (2005), a mature portfolio focuses on 

outcomes, and there is evidence to suggest that good behaviours are often ignored in 

IS (Conboy, 2010). Indeed, there has only been limited investigation into the reward 

of behaviour in IS PPM (Hansen and Kræmmergaard, 2012) and research is required 

to determine the appropriate balance between outcome and behavioural control in IS 

PPM (CO2.1). Attempts to measure the effects of interactions (CO2.2) are focused on 

short-term project synergies (Cho and Shaw, 2009, Jeffery and Leliveld, 2004), and 

the short and long-term effects of interactions arising from individual and team 

behaviours require further research. 

CO3. Train agents to identify changes in interactions that predict non-linearity. 

Some studies have emphasised the importance of identifying signals that indicate the 

portfolio environment is changing (Kettunen and Laanti, 2008, Benaroch, 2002). 

However, no research was identified examining how to identify signals that the 

relations within the portfolio are becoming problematic (CO3.1), or how customer 

signals such as a reduction in demand for features can be used to predict changes in 

demand (CO3.2). 
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Table 7.3-3 Co-evolutionary Agents 
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C01. Identify co-evolving clusters of agents and manage them as a whole 

CO1.1 Identify groups that work together 

and cross-train them to co-operate more 

effectively (PM)  

Identification and training of 

interrelated groups requires 

investigation 

Low No 

CO1.2 Seek to influence industry 

evolution by participating in standard 

setting groups (SA) 

Advantages of standards recognised 

but not clear how portfolios can 

contribute to them 

High No 

CO2. Focus on getting the right behaviours rather than evaluating short-term outcomes 

CO2.1 Reward behaviours as well as 

outcomes. (PM)  

Literature focus on rewarding 

outcomes and appropriate balance with  

behaviours unclear 

Low No 

CO2.2 Monitor the effect of interactions 

in both the long and short term and 

provide appropriate feedback (PM) 

Monitoring of interactions limited to 

short-term synergies between projects 

Low No 

CO3. Train agents to identify changes in interactions that predict non-linearity 

CO3.1 Train staff in soft-skills to identify 

problems in relationships (RM) 

Importance of signals understood but 

not how to interpret them to identify 

problems in relationships 

High No 

CO3.2 Use signals like a decrease in 

requests for new features to predict an 

abrupt fall off in demand (SA) 

No research examining how to use 

customer signals to predict changes in 

demand. 

High No 

 

7.4 System Level properties 

7.4.1 Attractors 

AS1. Engage in continuous exploration, experimentation and adaption to identify 

more desirable states. The use of simulation tools and techniques such as real options 

can encourage exploration by identifying and evaluating potential markets (Burke and 

Shaw, 2008) (AS1.1). However, their usage is usually limited to formal project 

selection (Bardhan et al., 2004) and does not support continuous exploration by 

projects. Instead, the focus of IS PPM tends to be on optimising short-term 

performance (Daniel et al., 2014). While many portfolios have more projects than they 

have resources to complete, organisations, such as Google, Yahoo and Apple, 

encourage new projects to emerge by providing free time to staff to explore new 

possibilities (AS1.2) (Amberland, 2013, Tate et al., 2013). 

AS2. Prepare for change even during prolonged periods of apparent stability. While 

some many studies prioritise stability over change (McFarlan, 1981, Drake and Byrd, 
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2006, Kalliney, 2009). IS PPM should enable the portfolio to be more proactive and 

ready for change (Hansen and Kræmmergaard, 2012, Kettunen and Laanti, 2008). 

Benchmarking the portfolio against high performing competitors (AS2.1) can 

facilitate a proactive approach and boost competitive advantage (Jeffery and Leliveld, 

2004). As stated above, the need to constantly scan the environment is generally 

recognised (AS2.2).  

AS3. Identify change as quickly as possible and respond appropriately. The need to 

identify and respond to change is well recognised. Changes in metrics such as option 

values or NPV can act as signals for change (Angelou and Economides, 2008b). 

However the application of these techniques can be difficult (Frey and Buxmann, 

2012) and, further research is required, for example, to understand how staff can be 

trained to identify and interpret the weak signals that predict of major change (AS3.1). 

While the use of techniques such as brainstorming to identify responses to major 

changes (AS3.2) is recognised, these techniques are often limited to senior managers  

(Elbanna, 2013) and research is needed to understand how all members of the portfolio 

can contribute. 

AS4. Seek to pro-actively create internal change. The literature argues that portfolios 

need to be proactive (Singh et al., 2009) and provides advice on how portfolios can 

initiate change (AS4.1). Examples of how change is initiated include strengthening 

networks (Elbanna, 2010), innovation (Kettunen and Laanti, 2008) and reworking the 

constituent parts of portfolio capabilities (Daniel et al., 2014). However, the practice 

of the portfolio seeking to disrupt itself (AS4.2) has not been investigated. Instead, the 

literature has focused on how the portfolio protects itself against disruption (Burke 

and Shaw, 2008, McFarlan, 1981). As stated above it is recognised that portfolio staff 

should constantly monitor the environment for opportunities and threats. However, 

further research is required to understand how this can be achieved (AS4.3). 
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Table 7.4-1 Attractor States 
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AS1. Engage in continuous exploration, experimentation and adaption to identify more desirable 

states 

AS1.1 Run environmental simulations 

to identify potential markets (PM) 

Literature explains how simulations can 

identify and evaluate potential markets, 

but their use is limited to project selection 

Mixed No 

AS1.2 Give portfolio agents free time 

to explore new possibilities (RM) 

While most portfolios have too many 

projects, free time enables staff to explore 

new possibilities  

High Yes 

AS2. Prepared for change even during prolonged periods of apparent stability 

AS2.1 Benchmark the portfolio 

against other high performing systems 

(PM) 

Literature suggests benchmarking against 

mature portfolios improves competitive 

advantage 

High Yes 

AS2.2 Constantly scan the 

environment for opportunities and 

threats even in times of stability (PS) 

While the importance of environmental 

scanning is recognised, many studies 

prioritise stability over change 

Mixed No 

AS3. Identify change as quickly as possible and respond appropriately 

AS3.1 Train portfolio agents to 

identify weak signals that predict 

major change  (RM) 

Literature recognises some signals but not 

clear how staff can be trained to interpret 

them 

High No 

AS3.2 Conduct regular brainstorming 

sessions to identify responses to major 

potential changes (SA) 

In the literature, brainstorming restricted 

to senior staff and research is needed to 

understand how it can involve the entire 

portfolio 

Low No 

AS4. Seek to both pro-actively create change and respond to it 

AS4.1 Focuses on initiating change 

not responding to it (SA) 

Literature recognises the importance of 

Initiating change and provides means to 

achieve this  

High Yes 

AS4.2 Constantly seek to disrupt own 

portfolio through innovation (PS) 

IS PPM more focused on protecting 

portfolio from disruption than initiating 

disruption 

Low No 

AS4.3 Constantly monitor the 

environment for threats and 

opportunities (PM) 

Further research required to identify how 

staff can monitor environment effectively 

High No 

 

7.4.2 Resilience 

RE1. Build a level of resilience appropriate to the environment. While quantitative 

selection techniques consider how sensitive individual configurations of the portfolio 

are to changing environmental parameters (e.g. Angelou and Economides, 2008a, 

Bardhan et al., 2004), the rate of environmental change itself is not modelled. This 

makes it hard to determine the appropriate level of resilience (RE1.1). The literature 

suggests that resilience is created by balanced portfolios with a diversified range of 

projects (De Reyck et al., 2005). However, while there are many quantitative selection 
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techniques to identify a wide set of candidate projects (Chiang and Nunez, 2013), 

empirical evidence suggests that the focus on performance results in the selection of 

unbalanced, poorly diversified portfolios (Burke and Shaw, 2008, De Reyck et al., 

2005). While project selection has been widely investigated in IS PPM, further 

research is required to ensure the many selection techniques are used effectively to 

ensure the portfolio a range of projects appropriate to the environment (RE1.2) 

RE2. Maintain a diverse range of agents to build resilience. Hansen and 

Kræmmergaard (2014) warn that the focus of resource management practices on 

standardisation can undermine creativity and diversity. Indeed, Frey and Buxmann 

(2011) argue that portfolios need specialised staff and there is little research to explain 

how to recruit a broad range of staff from a variety of sources (RE2.1). Furthermore, 

as discussed in RV2, it is unclear how cross-training can be achieved (RE2.2). The 

literature does support the rotation of staff. However, this is to overcome shortages not 

to build skills diversity (RE2.3) (De Reyck et al., 2005). 

RE3. Find the appropriate balance between performance and resilience. While the 

literature acknowledges PPM is about making the right trade-offs between objectives 

(Elonen and Artto, 2003, De Reyck et al., 2005), such as between between risk and 

return  (Cho and Shaw, 2009), present and future benefits (Benaroch et al., 2006) or 

the triple constraint of cost, quality and time (Chiang and Nunez, 2013), there is little 

advice as to how to identify the appropriate level of resilience for the portfolio 

(RE3.1). As stated above, studies describe how some projects are critical, and their 

resilience must be prioritised regardless of financial return, whereas, performance is 

prioritised on non-essential projects  (RE3.2), (Chiang and Nunez, 2013, Burke and 

Shaw, 2008) 

RE4. Retain resilience by maintaining the same appearance during periods of 

change. The significance of maintaining the continuity of portfolio appearance to the 

customer, during periods of change (R4.1) has not been investigated in IS PPM. 
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Table 7.4-2 Resilience 
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RE1. Build a level of resilience appropriate to environment 

RE1.1 Model the rate of 

environmental change to estimate the 

level of resilience required (PM) 

Quantitative techniques estimate 

sensitivity of portfolio but rate of 

environmental change not modelled 

Mixed No 

RE1.2 Ensure portfolio has range of 

projects appropriate to the 

environment (PS) 

While selection techniques suggest a 

range of projects, focus on performance 

can result in poorly diversified portfolios 

Mixed No 

RE2. Have a diverse range of agents to maintain resilience 

RE2.1 Recruit a broad range of staff 

from a wide variety of sources  (RM) 

Literature’s focus is on specialisation, not 

the diverse recruitment 

Low No 

RE2.2 Use cross training to avoid 

overspecialisation   

Cross-training is desirable, but not clear 

how it can be achieved 

Low No 

RE2.2 Rotate staff to increases skills 

diversity (RM) 

Literature suggests purpose of rotation is 

to complete projects, not increase skills 

diversity 

Low No 

RE3. Balance performance and resilience 

RE3.1 Identify necessary level of 

resilience for the portfolio (PM) 

Literature acknowledges importance of 

trade-offs with performance but unclear 

how to identify level of resilience 

High No 

RE3.2 Focus on resilience for critical 

projects and performance for non-

critical projects (RM) 

Critical projects must be resilient 

regardless of performance implications, 

and non-critical projects should focus on 

performance 

High Yes 

RE4. Retain resilience by maintaining the same appearance during periods of change 

RE4.1 Maintain a consistent portfolio 

appearance, e.g. consistent user 

interface across projects, during 

periods of change (PS) 

Importance of portfolio appearance and 

consistent user interfaces has not been 

investigated 

Low No 

 

7.4.3 Unpredictable 

UE1. Encourage agents to experiment with each other and adjust strategy. While 

the encouragement of experiments is discussed under AD4, the focus is not on getting 

portfolio agents to experiment with each other. However, (Elbanna, 2010) argues that 

the “negotiation space” referred to in AA4 and OB1 creates an area where staff from 

different areas can work together on experiments (UE1.1). However, further research 

is required to see how this might work in practice and how the strategy could be 

adjusted in response to them (U1.2). Because strategy is revised only periodically as 

opposed to continuously (Jeffery and Leliveld, 2004) portfolios are not prepared to 

alter strategy to take advantage of unexpected opportunities.  
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Table 7.4-3 Unpredictable  
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UE1. Agents experiment with each other and adjust strategy to take advantage of new opportunities 

UE1.1 Encourage portfolio agents from 

different areas to work together on 

experimental projects (PS) 

Literature proposes a negotiation space 

enables staff work together on experiments 

High No 

UE1.2 Be prepared to alter strategy to 

take advantage of unpredicted 

opportunities (SA)  

Literature suggests portfolio strategy 

updated periodically 

Low No 

UE2. Identify the regions where system acts predictably and unpredictably 

UE2.1 Use models and simulations to 

identify leverage points in the portfolio 

(PM)  

Studies describe how to identify 

unpredictable regions of the portfolio 

High Yes 

UE2.2 Retain and develop experienced 

portfolio agents who recognise abrupt 

transitions (RM)  

Research required to understand how to 

develop and retain experienced staff capable 

of recognising abrupt transitions 

High No 

UE2.3 Adjust strategy when portfolio 

starts to behave unpredictably  (SA) 

Literature suggests portfolio strategy 

changes only periodically 

Low No 

UE3. Constantly refine rules governing interactions to encourage only what is desirable 

UE3.1 Conduct deep dives to ascertain 

the actual causes of emergence and 

project success or failure (PM) 

Literature suggests monthly meetings to 

examine what is working and why but rules 

rarely change 

Low No 

UE3.2 Use positive feedback to reinforce 

desirable changes (PM) 

Research needed as to how to use feedback 

to reinforce desirable changes 

Low No 

 

UE2. Identify the regions where system acts predictably and unpredictably. Some 

studies seek to separate the portfolio into predictable and unpredictable or volatile 

regions. The literature identifies some techniques to help identify areas within the 

portfolio that act as leverage points around which it starts to behave unpredictably 

(UE1.1). For example, Dickinson et al. (2001) describe how high risk, unpredictable 

projects are identified and grouped. Angelou and Economides (2008a) use a real 

options approach to identify groups of projects with high volatility whose interactions 

are likely to be unpredictable. Verhoef (2002) describes an “impossible region” 

comprising groups of projects with unrealistic schedules. Many of these techniques 

need experienced staff. However, research is required to understand how to develop 

and retain staff who can recognise abrupt transitions (UE2.1). As stated in UE1, the 

strategy is adjusted periodically not as soon as when the portfolio starts to behave 

unpredictably (UE2.3). 

UE3. Constantly refine rules governing interactions to encourage only what is 

desirable. Angelou and Economides (2008a) argue that heuristics or simple rules 
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around interactions are necessary because it may not be possible to model many 

dependencies quantitatively. While many project management methodologies 

encourage constant refinements (Schwaber and Beedle, 2002, Conboy and Fitzgerald, 

2010),  Daniel et al. (2014) argue that traditional IS PPM is not designed for swift 

change to the portfolio and its rules. However, mature portfolios conduct regular 

reviews or “deep dives” to understand the causes of project success or failure (UE3.1) 

(Jeffery and Leliveld, 2004). For example, Thomas and Baker (2008) describe 

monthly portfolio level meetings to ascertain what is working and why things turn out 

the way they so. Unfortunately, research suggests that rules and controls tend not to 

be revised in the event of problems or to reinforce success  (Hansen and 

Kræmmergaard, 2012) and the use of feedback to reinforce desirable changes (UE3.2) 

has not been investigated. 

7.4.4 Path-dependent 

PD1. Adapt practices to new system. Some studies suggest that there is a defined set 

of “best” practices for IS PPM (Jeffery and Leliveld, 2004). Yet it is necessary to 

understand how and why these practices might work in the specific conditions of each 

portfolio and its environment before they can be implemented (PD1.1) (Daniel et al., 

2014). Vähäniitty (2012) explains that the PPM literature is merely a guide to what 

best practice might look like and each portfolio must adapt practices to the specific 

organisational context rather than implementing a standard methodology (PD1.2). For 

example, Kettunen and Laanti (2008) warn that agile practices must be adapted to the 

individual organisation. While the importance of adhering to portfolio management 

methodologies is recognised (Singh et al., 2009, Buchwald and Urbach, 2012), it is 

also acknowledged that adherence, regardless of circumstances, can jeopardise 

outcomes (Ross and Beck, 2008). This challenge is acknowledged in the agile project 

management literature (Conboy, 2009). However, many portfolio management 

practices are inflexible (Frey and Buxmann, 2012), and research is needed at the 

portfolio level to determine how staff can be evaluated on outcomes as opposed to 

adherence to standard practices (PD1.3). 

PD2. Acquire new agents and skills to create future opportunities and overcome 

weaknesses. In IS PPM, techniques, such as real options (Bardhan et al., 2004, 

Benaroch, 2002, Angelou and Economides, 2008a) enable the future opportunities 

created by new skills to be considered when selecting projects (PD2.1). While most 
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portfolios lack the resources and skills they need, in general, the IS PPM resource 

management literature is more focused on overcoming identified weaknesses than 

acquiring skills to create new opportunities when bringing in new staff  (PD2.2) 

(Burke and Shaw, 2008). Indeed, too many new staff or a high staff turnover are seen 

as problematic (Drake and Byrd, 2006, McFarlan, 1981). Legacy projects can be 

problematic in IS PPM with issues such as technical debt affecting future projects 

(Hoffmann et al., 2017). It is considered essential to regularly review the proportion 

of resources dedicated to legacy projects (PD2.3) (Burke and Shaw, 2008). 

 

PD3. Build and retain a memory of past success and failure and utilise it for decision 

making. While shared memory can act as valuable resource to aid decision making, it 

has been shown to create problems as well as solutions in IS PPM (Greenhalgh and 

Keen, 2012) and research is required not only to help portfolios build memory but also 

how to utilise it effectively. For example, while techniques such as mentoring and pair 

programming are effective at the project level (Cockburn and Williams, 2000), it is 

not clear how these techniques could be used across the portfolio level to create shared 

memory (PD3.1). Similarly, the use of fora to celebrate and reinforce people’s memory 

of success is not evident in the portfolio literature (PD3.2) and requires research. 

Furthermore, while, the loss of key staff is identified as a risk to IS portfolio memory, 

(De Reyck et al., 2005), there is little research examining mechanisms to protect IS 

portfolio memory during periods of change or high staff turnover (PD3.3). Indeed, 

much of the IS PPM research appears to assume that portfolio memories focus on 

problems and act as a barrier to change  (Burke and Shaw, 2008, Daniel et al., 2014, 

Frey and Buxmann, 2011, Greenhalgh and Keen, 2012), and so research is required to 

investigate how shared memory can be utilised as a resource when facing difficult 

problems (PD3.4). 
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PD1. Adapt practices to new system 

PD1.1 Understand how and why 

portfolio practices work in specific 

contexts before implementing them (PM) 

Literature acknowledges it is necessary 

to understand how and why practices 

work 

High Yes 

PD1.2 Adapt practice from 

methodologies such as agile rather than 

implementing standard  version (PM) 

Literature recommends practices are 

adapted to organisational context 

High Yes 

PD1.3 Evaluate portfolio teams on 

outcomes as opposed to adherence to 

standardised practices (PM) 

Research needed to determine how to 

evaluate staff for outcomes as well as 

adherence to standards 

Low No 

PD2. Acquire new agents and skills to create future opportunities and overcome weaknesses 

PD2.1 Consider the future opportunities 

created by new skills when selecting 

projects (PS) 

Literature enables consideration of 

future opportunities created by skills 

through real options 

High Yes 

PD2.2 Recruit staff with additional skills 

from outside the portfolio (RM)  

Literature suggests recruitment aimed to 

overcome weakness not create 

opportunities 

Low No 

PD2.3 Constantly review  resources 

required to maintain legacy projects 

(RM) 

Problems with legacy projects 

acknowledged and regular reviews of 

legacy projects required 

High Yes 

PD3. Build and retain a memory of past success and failure and utilise it for decision making/ 

PD3.1 Use techniques such as pair 

programming and mentoring to build 

shared memory (RM) 

While these techniques have been 

investigated at the project level their 

role in building portfolio memory has 

not been studied 

Low No 

PD3.2 Use fora  to celebrate success 

(PM) 

The use of fora not discussed in the IS 

PPM literature 

Low No 

PD3.3 Protect portfolio memory during 

organisational change  (RM) 

Literature acknowledges risk with 

turnover but not clear how to protect 

memory 

High No 

PD3.4 Utilise shared portfolio memory 

when facing difficult problems (RM) 

Literature views shared portfolio 

memory as a challenge to be overcome 

Low No 

7.5 Feedback 

7.5.1 Positive Feedback 

PF1. Use positive feedback to drive long-term behavioural change. Rapid feedback 

is at the heart of many software project methodologies and, at the portfolio level, is 

indicative of a high level of maturity (Jeffery and Leliveld, 2004, De Reyck et al., 

2005). There is evidence that positive feedback encourages staff to continue with 

effective practices (Ross and Beck, 2008). However, it is acknowledged that feedback 

is often ad hoc (Kalliney, 2009) with little research examining how positive feedback 
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can be enacted effectively. For example, while regular rewards for outstanding 

behaviours act as positive feedback to reinforce those behaviours (PF1.1), their use 

has not been investigated in IS PPM. Indeed, other than recommending “special 

rewards” or suggesting success is a reward in itself (Jeffery and Leliveld, 2004, 

Greenhalgh and Keen, 2012),  little research has examined what portfolio employees 

actually value and how that can be used in positive feedback (PF1.3). Furthermore, it 

is not clear how staff can be trained to give and receive positive feedback (PF1.2). 

PF2. Moderate the effects of positive feedback when the system is getting out of 

control. One of the purposes of IS PPM is to prevent the portfolio from getting out of 

control (Jeffery and Leliveld, 2004). A culture that encourages people to speak freely 

can prevent the portfolio from getting out of control (PF2.1) (Prifling, 2010). For 

example, Drake and Byrd (2006) describe how an out of control positive feedback 

loop, where a successful project led to an unsustainable demand for new features, was 

moderated by communication between the project and portfolio level. The use of 

retrospectives is generally limited to investigating failure (Thomas and Baker, 2008) 

and they are not used to investigate threats that may arise from success (PF2.2).  

PF3. Use metrics to support learning. The value of metrics for learning is recognised 

in the IS PPM literature (Daniel et al., 2014, Frey and Buxmann, 2012, Kundisch and 

Meier, 2011). However, metrics are often gathered and used in an ad hoc manner 

(Kalliney, 2009), and Dingsøyr and Moe (2013) argue that further research is required 

to understand how metrics can be used for specifically learning (PF3.1). The use of 

visual techniques, such as screens, Kanban boards and portfolio maps, can help 

everyone learn from feedback (Burke and Shaw, 2008, Dickinson et al., 2001) (PF3.2). 

Furthermore, because IS PPM contains intangible factors, the need to support metrics 

with informal and qualitative feedback is recognised in the literature (Singh et al., 

2009, Hansen and Kræmmergaard, 2013). 

PF4. Build automatic feedback loops into complex systems. While Chiang and Nunez 

(2013) argue that automation cannot replace experience and Conboy (2010) found 

evidence that built-in feedback mechanisms are often ignored, this practice is well 

supported in the literature. It is acknowledged that reducing the administrative 

overhead associated with feedback (PF4.1) is important in IS PPM (Singh et al., 2009). 

This is achieved with simple, easy to understand metrics (Frey and Buxmann, 2011, 
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Hansen and Kræmmergaard, 2012). Furthermore, mature portfolios build time into 

schedules to facilitate feedback (PF4.2) (Jeffery and Leliveld, 2004, De Reyck et al., 

2005). 

Table 7.5-1 Positive Feedback 

 

CAPPP Practice 

 

IS PPM Literature 

C
o

n
si

st
en

t 

E
x

p
la

in
ed

 

PF1. Use positive feedback to drive long-term behavioural change 

PF1.1 Provide regular rewards for 

outstanding behaviours (PM) 

The use of regular rewards for outstanding 

behaviours has not been investigated 

Low No 

PF1.2 Train staff how to give and 

receive positive feedback (PM) 

Feedback generally ad hoc and no research 

investigating how to give or receive feedback 

Low No 

PF1.3 Identify what staff actually value 

and use this in positive feedback (PM) 

No research examining what rewards portfolio 

staff actually value 

Low No 

PF2. Moderate the effects of positive feedback when the system is getting out of control 

PF2.1 Promote a culture that enables 

people to speak freely when positive 

feedback causes the portfolio to become 

out of control (PM) 

Literature suggests a culture that enables 

effective communication can moderate the 

adverse effects of positive feedback 

High Yes 

PF2.2 Holds retrospectives to identify 

threats and opportunities from rapid 

growth (SA) 

Use of retrospectives limited to examining 

cause of failure 

Low No 

PF3. Use metrics to support learning 

PF3.1 Use the data acquired for 

feedback for learning, not for 

measurement or reward (PM) 

Use of metrics to improve learning part of IS 

PPM research agenda 

High No 

PF3.2 Make feedback visible where 

possible so everyone can learn from it, 

e.g. displayed on screens (PM) 

Visual techniques such as screens and 

portfolio maps help people learn from 

feedback 

High Yes 

PF3.3 Support metrics with informal 

and qualitative forms of feedback (PM) 

Need to support metrics with informal 

feedback recognised in IS PPM 

High Yes 

PF4. Build automatic feedback loops into the system 

PF4.1 Reduce the administrative 

overhead associated with feedback 

where possible (PM) 

Literature suggests feedback enabled by 

simple metrics that are easy to understand 

Yes Yes 

PF4.2 Build time into schedules to 

facilitate feedback sessions (RM) 

IS PPM Literature shows that mature 

portfolios build time into projects for feedback 

Yes Yes 

PF5. Support multiple feedback loops across multiple time horizons 

PF5.1 Identify the different time 

horizons within the portfolio (PM) 

Research required to identify different 

planning horizons 

Yes No 

PF5.2 Portfolio uses a mix of short and 

long-term metrics (PM) 

Effective corporate governance requires 

portfolios to have a mix of short and long-term 

metrics  

Yes No 

 

PF5. Support multiple feedback loops across multiple time horizons. While IS PPM 

is considered to have the potential to balance long and short-term goals; the focus is 

usually on the short term (Daniel et al., 2014, Kersten and Verhoef, 2003). Long-term 
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feedback is difficult because it is hard to quantify the value of projects over time 

(Angelou and Economides, 2008a) and Frey and Buxmann (2012) argue that further 

research is required to identify and support the different planning horizons in IS PPM 

(PF5.1). Conversely, the strategic approach of IS PPM can make the identification of 

short-term priorities challenging (Daniel et al., 2014). However, many corporate 

governance frameworks require portfolios to have short and long-term metrics and 

goals (PF5.2) (Kersten and Verhoef, 2003). 

7.5.2 Negative Feedback 

NF1. Apply negative feedback to make agents aware that their behaviour is 

undesirable. The limited study of behaviours at the portfolio level (Hansen and 

Kræmmergaard, 2012, O'Dwyer et al., 2014) suggest that portfolios rely on informal, 

clan controls to inform staff when their behaviour is inappropriate (NF1.2). Why the 

enactment of clan controls have been investigated at the project level, there is little 

literature examining how they can be enacted effectively at the portfolio level. 

Furthermore, the frequency with which control should be applied in IS PPM (NF1.2) 

has not been examined.  

NF2. Use negative feedback to stabilise the system. While IS PPM is intended to 

create stability (McFarlan, 1981), there has been little study of out of control 

portfolios. In one of few studies that do examine the issue, Conboy (2010) found that 

negative controls are not used effectively to stabilise an out of control portfolio 

(NF2.1). While the importance of control is recognised (e.g. Cho et al., 2013, 

Kundisch and Meier, 2011), it is not clear how negative feedback can be balanced with 

the need for change. 

NF3. Provide comfort to managers while creating a protective space where agents 

are insulated from unnecessary control. There is an acknowledgement that controls, 

even when unnecessary,  provide comfort to managers (Conboy, 2010) and that some 

managers need more comfort than others (Hodgkins and Hohmann, 2007). However, 

the existing literature provides little advice how to train managers to be comfortable 

with less control (NF3.1). Reducing the amount of formal portfolio reporting (NF3.2) 

is key to effective IS PPM (Singh et al., 2009). Overhead is best overcome with simple 

metrics that are easy to compile and understand (Frey and Buxmann, 2011, Hansen 

and Kræmmergaard, 2012). 
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Table 7.5-2 Negative Feedback 

CAPPP Practice IS PPM Literature Con. Exp. 

NF1. Apply negative feedback to make agents aware that their behaviour is undesirable 

NF1.1 Inform agents quickly and 

informally when the behaviour is 

inappropriate (PM) 

IS PPM relies on clan controls to 

inform staff their behaviour is 

inappropriate.  

High No 

NF1.2 Use formal control for negative 

feedback as sparingly as possible (PM)  

The appropriate frequency to apply 

feedback requires further research 

Low  No 

NF2. Use negative feedback to stabilise the system 

NF2.1 Prioritise formal control when 

system is in danger of descending into 

chaos (PM)  

IS PPM literature emphases stability 

but not clear how to stabilise out of 

control portfolios 

High No 

NF2.2 Balance negative feedback 

against need for change (PM)  

Not clear how to balance control with 

need for change 

Low No 

NF3. Provide comfort to managers while creating a protective space where agents are insulated 

from unnecessary control 

NF3.1 Train managers to be comfortable 

with less control (RM) 

Research needed to investigate how to 

overcome need for control 

High No 

NF3.2 Reduce the amount of formal 

portfolio reporting to the minimum level 

possible (PM) 

Literature advises reducing 

management overhead by using simple 

metrics 

High Yes 

 

 

7.6 Summary 

This chapter analysed the IS PPM literature to determine what literature exists 

regarding each of the IS PPM practices identified in the expert interviews in chapter 

five. Of the 162 practices identified, the analysis found that 101 were consistent with 

the existing body of knowledge and 51 were identified to be inconsistent with existing 

practice. Furthermore, of the 101 practices that are consistent with existing IS PPM, 

only 50 are explained in detail in the literature. The differences between a CAS agent-

based approach to IS PPM and current approaches are explained in Chapter 8.  
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 Chapter 8: Conclusion 

8.0 Introduction and Chapter Layout 

This chapter summarises the important aspects of the study, outlines the research 

outcomes, and discusses how they contribute to theory and practice. The layout of this 

thesis was illustrated in Figure 1.4-1 and is reproduced below. This chapter is laid out 

as follows. Section 8.1 reminds the reader of the research objectives of the study. 

Section 8.2 summarises the research approach taken to address them. Section 8.3 

describes the outcomes of the research and outlines their implications for research and 

practice. Section 8.4 discusses the limitations of the research. Section 8.5 outlines 

avenues for future research and Section 8.6 summarises the chapter.  

 

Figure 8.0-1 Dissertation Structure 
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8.1 Review of the Research Objective 

The introductory chapter described how IS PPM, despite its undoubted potential to 

improve the IS capability of organisations, is failing to achieve the improvements 

associated with a portfolio approach in other disciplines. It argued that existing 

approaches to IS PPM ignored the complex interdependencies inherent in IS PPM, and 

that complex adaptive systems, referred to as CAS, can be used as an analogy to 

develop insights about the management of complex non-linear systems such as IS 

PPM. Section 1.3 presented the research objective of the study:  

To apply the concepts of complex adaptive systems theory to enable the four 

components of IS PPM (project selection, resource management, strategic 

alignment and performance management). 

This research objective was broken into four more detailed objectives: 

RO1. To operationalise complex adaptive systems theory for IS PPM  

RO2. To critically appraise the IS PPM body of knowledge through the lens of 

complex adaptive systems theory 

RO3. To identify a framework of practices that support IS PPM as a complex 

adaptive system, and enable its four components, namely (i) project selection, 

(ii)resource management, (iii) strategic alignment and (iv) performance 

management 

RO4. To demonstrate the application of the framework in practice 

8.2 Review of the Research Approach 

This study was positioned as interpretive, qualitative and exploratory. This approach 

was deemed appropriate because of the socio-technical nature of IS PPM, and the lack 

of prior research examining it through a complex adaptive system lens. The 

justification for this approach was outlined in detail in Sections 4.2 and 4.3. Figure 

8.2-1 re-illustrates the research approach. 
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Figure 8.2-1 Illustration of the research approach 
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The first phase of the study developed a conceptual framework for CAS (Chapter 2). 

This was achieved by synthesising the existing literature into a single comprehensive 

framework that included all the relevant aspects of CAS. Chapter 3 operationalised 

the CAS framework for IS PPM, addressing the first objective of the study. The 

operationalised framework was then used as a lens to critically appraise the existing 

IS PPM body of literature. This highlighted areas where the IS PPM literature was 

deficient from a CAS perspective, addressing the second objective of the study.  

The next phase of research addressed the third research objective of the study by 

identifying a framework of practices to support IS PPM as a CAS. This phase consisted 

of a set of 30 expert interviews conducted between November 2015 and May 2016. 

The methodology underpinning the conduct of these interviews was described in 

Chapter 4, and their analysis is described in Chapter 5.   

The final empirical phase of research was an illustrative case study in the IS Change 

Portfolio Management function of Ireland’s Health Service Executive. This case study 

addressed the fourth objective of the study, by illustrating the framework of practices 

in action. 

8.3 Research Outcomes and Contribution to Theory and Practice 

8.3.1 Contribution to CAS Theory 

The first outcomes of this research were the comprehensive definition of CAS theory 

and a conceptual framework for its application developed in Chapter 2. The definition, 

while parsimonious, incorporates all aspects of CAS required for its application in this 

study For example, existing definitions had omitted the role of the environment 

(Holland, 1992b) or a lack of centralised control (Bertuglia and Vaio, 2005). By 

redefining CAS, this study answers Levin’s call to define CAS in a way that is 

appropriate for the phenomenon being studied (1998). This study defines CAS as: 

a non-linear system with decentralised control, comprising many diverse agents whose interactions 

with each other and the environment result in the system adapting to its environment and the 

emergence of system-wide characteristics that are regulated by feedback mechanisms between the 

different levels of the system. 

The framework, grounded in the literature and reproduced in Figure 8.3-1, provided 

the theoretical foundation for the study and served as a lens to appraise the IS PPM 
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literature. The definition and framework serve as a contribution to the CAS literature, 

as they synthesise concepts and properties from a range of existing studies (c.f. Table 

2.2-1).  

 

 

Figure 8.3-1 Conceptual Framework for CAS 

 

8.3.2 Definition of IS PPM 

The review of the IS PPM literature, conducted in Chapter 3, produced several 

outcomes. Firstly, it differentiated between programs and portfolios, identifying the 

unique features of IS project portfolios, namely that portfolios are ongoing, strategic 

and consist of the complete set of projects that share resources. Furthermore, it 

identified four sets of activities or components of IS PPM, namely, project selection, 

resource management, strategic alignment and performance management. By 

synthesising these components with the unique features of IS portfolios, this study 



258 
 

contributes to the IS PPM literature by presenting a comprehensive definition of IS 

PPM as:  

The ongoing identification, selection, prioritisation and management of the 

complete set of an organisations information systems projects that share 

common resources to maximise returns to the organisation and achieve 

strategic business objectives.  

8.3.3 Conceptualisation of IS PPM as a CAS 

The primary theoretical contribution of this study is the development and application 

of a framework conceptualising IS PPM as a complex adaptive system. This is the first 

study to conceptualise IS PPM as a CAS. Each concept and property of the CAS 

framework was mapped to IS PPM in a modular fashion, focusing on each of the CAS 

properties in turn subsections (3.4.1 - 3.4.5). For example, in Section 3.4 agents were 

operationalised as the individuals and teams that contribute towards the attainment of 

portfolio purpose and goals. While this framework is theoretically grounded in the 

CAS literature, it was refined by the interviews with the CAS experts. The 

operationalised framework helps explain how and why portfolios in IS behave as they 

do and therefore serves as a theory for explaining (Gregor, 2006). The operationalised 

concepts and properties of CAS for IS PPM are illustrated in . This framework 

provides a lens through which IS PPM, or indeed any complex phenomena in IS can 

be studied. 

This study provides a single overarching framework that can be used to create a 

consolidated theoretical base for IS PPM, through which contradictions can be 

examined. By focusing on IS PPM as a system comprising interacting agents, the 

framework can be used to examine any portfolio, regardless of methodology. While 

comparisons have been made between CAS and agile (Vidgen and Wang, 2006, 

Conboy et al., 2011), the framework also deals with portfolios using traditional 

methods, or indeed a mix of traditional and agile methods. 
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Figure 8.3-2 CAS Framework Operationalised for IS PPM 

8.3.4 Theoretically Grounded Framework of IS PPM Practices 

This study also contributes to the IS PPM literature by identifying a framework of 

CAS based practices that are used to enact IS PPM. This framework arose from the 

expert interviews. The analysis of these interviews identified 69 high-level CAS based 

practices, and 162 specific IS PPM practices across the four components of IS PPM. 

These practices were integrated to create the Complex Adaptive Systems Project 

Portfolio Management Practice Framework, also referred to as the CAPPP 

Framework, illustrated in . The complete set of practices identified are presented in 

Appendix K - Appendix N. Each of the IS PPM practices was discussed in light of the 

current IS PPM literature in Chapter 7. Many of these practices are not consistent with 

the existing literature. For example, CO2.1 recommends rewarding behaviours as well 

as outcomes, whereas the focus of existing literature is around rewarding outcomes 

and SO2.1 recommends that people should compete for the best projects, whereas 

existing approaches have projects competing to get the best people. Others are 
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consistent, but their enactment had not been described previously. For example, the 

value of large personal networks (SO3.1) is recognised in IS PPM, but existing 

literature provides little advice as to how this may be achieved. The application of this 

framework is illustrated in the HSE case study described in Chapter 6. 

 

Figure 8.3-3 The CAPPP Framework 

 



261 
 

8.3.5 Reflections and Recommendations on Applying the Framework 

The illustrative case study demonstrated how the practice framework could be applied 

in a real-world situation. The case study illustrated some interesting challenges that 

must be considered when applying the CAPPP framework. While every portfolio is 

unique and the findings may not be generalisable to other situations, the articulation 

of these challenges, and how they were addressed are a useful contribution to 

researchers or practitioners seeking to use the framework in a different context in the 

future. The main challenges identified, and how the researcher addressed them, are 

now briefly discussed. 

High-level practices may appear contradictory.  

Some of the practices in the framework appear contradictory. For example, the need 

to have a degree of standardisation across the portfolio (SO5) and between the 

portfolio and the environment (SR4) appears to contradict the practice that advises all 

practices must be adapted to the unique challenges of the specific portfolio (PD1). 

However, this is only an apparent contradiction explained by the recursive nature of 

complex systems where systems exist within systems. In reality, it is only necessary 

to standardise across a single level of the system. For example, a team may form its 

own complex system, which may, in turn, be an agent in another system. It can tailor 

its internal project practices while adhering to portfolio level standards when dealing 

with other teams. Similarly, the portfolio only needs to apply to industry standards if 

it interacts with the industry. This problem was addressed by using the framework to 

study a single level of the system at a time, i.e., projects teams.   

However, sometimes practices can actually be contradictory. For example, the need to 

maintain an open boundary to facilitate the flow of resources contradicts the practice 

of creating a protective layer. In this case, all the framework can do is highlight the 

contradiction between practices and let the researcher or practitioner decide the 

appropriate balance between them depending on their environment. For example, a 

portfolio of innovative projects in a dynamic environment would need a constant flow 

of information from the environment, whereas a portfolio of architectural projects in 

a slow-paced environment needs to be protected from constant demands for 

unnecessary change. 
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Not all parts of the framework are relevant to every portfolio 

As was demonstrated in the case study, not all parts of the framework are relevant to 

every portfolio. For example, some portfolios have a strategy laid out by legislation, 

unlikely to change over a long period. However, it is useful to use the framework to 

highlight the potential problems associated with such rigidity, while focusing efforts 

on areas that are more flexible such as resource management. 

Not every opinion is equally valid. 

This is a challenge faced by all interpretive research. Some interviewees had very 

strong opinions that their practices they had were “best practice” or “optimised” for a 

complex environment. In reality, the practices may have been insufficient for the 

complexity of their environment, e.g. quarterly reviews of budget or annual town hall 

meetings. In this case, the researcher followed Klein and Myers (1999) principles of 

suspicion and multiple interpretations and sought multiple versions of events to 

triangulate findings and to identify biases. Practices were only included if the evidence 

showed they supported the high-level practice and contributed to portfolio success. 

Some parts of the framework are more easily applied than others 

This challenge emerged in the opening meeting. It was quickly apparent that the 

interviewees had significant domain knowledge around portfolio management but 

were uncomfortable with some of the CAS terms in the practice framework. For 

example, both participants from the HSE had different understandings of what 

emergence meant. This was compounded by a natural desire of participants to focus 

on the concepts and areas that they understood best. This meant that there was a danger 

of all the data focusing on practices around agents and interactions, with very little 

data on system-level properties and feedback. Therefore, participants were provided 

with a glossary of terms in advance, and some of the examples identified by the CAS 

experts in Chapter 5 were used to explain concepts during interviews. Furthermore, 

the order that questions were asked was changed from interview to interview to ensure 

that each element of the framework received appropriate coverage.  

Overlap between different components of PPM 

Finally, while this case study focused on resource management, it was clear that some 

of the practices were more applicable to multiple components. For example, the 

practice to encourage agents to search for new solutions has implications for project 
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selection, resource management, strategic alignment and performance management. 

This shows that the four components must be considered together as well as in 

isolation and the implications of practices from one component must be considered for 

the other components. For example, the HSE portfolio was prevented from recruiting 

new staff, so used a set of innovative projects to help build skills. The researcher had 

to consider the implications of all practices identified for each of the four components 

of PPM before classifying it under a single or multiple component. 

8.3.6 Differences between CAS and Traditional Approaches to IS PPM 

Both through the literature review and the empirical research, this study contributed 

to the IS PPM literature by demonstrating the difference between traditional 

approaches to IS PPM and a CAS based approach. By critically appraising IS PPM, 

areas where the literature fails to address the challenges associated with complex 

adaptive systems were highlighted, thereby justifying the need for further study. The 

results of the appraisal of the IS PPM literature through the lens of CAS were presented 

in Table 3.4-1 - Table 3.8-1. 

The discussion in Sections 7.1 – 7.5  highlighted many divergences between a CAS 

based approach to IS PPM and the existing literature. Some interesting examples of 

these divergences are briefly summarised below. 

The Use of Rewards and Punishments 

In a CAS based approach rewards are constantly used to incentivise behaviour that 

aids the system as a whole (AA1.1, AA5.2, CP3.1, CP3.2, AD1.2, AD3.1, OB3.2 and 

OB4.3). However, as discussed above, in existing approaches to IS PPM, there is little 

support for these practices. Instead, rewards are infrequently applied in response to 

individual achievements. Similarly, staff often escape the consequences of actions that 

do not support the portfolio as a whole. In contrast, in a CAS agents are punished for 

behaviours that endanger the system (e.g. CP3.1, CP3.4, CP3.3). In short, all actions 

good or bad in a CAS have consequences. These consequences act as constant 

feedback, helping both agents and the system as a whole to improve. 

Decision-making and Control 

In IS PPM there is an acceptance that decisions are made by managers who control 

the portfolio in its staff with formal rules. This is in contrast to a CAS based approach, 
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where the role of leaders is to motivate (AA3.1), with control used as sparingly as 

possible (NF1.2). Rather than strategy being imposed by a board of directors, it co-

evolves with portfolio in response to the changing environment. Decisions are made 

collectively around simple heuristics that are regularly revised (SO1.3, SO5.1, UE3.1, 

UE3.2). For example, while resources in IS PPM are owned by certain units and are 

only swapped through formal processes, in an effective CAS, allocation occurs 

collectively using informal heuristics. This ensures resources are allocated to wherever 

provides the greatest benefit to the system.  

Different Time Horizons 

An effective CAS balances multiple time horizons to ensure both the short and long-

term survival of the system. While IS PPM aims to take a long-term view, in reality, 

it usually focuses on the short term with little support for practices that examine the 

long-term effects of interactions (CO2.2), deliver long-term behavioural change 

(PF1.1, PF1.3) or to determine the frequencies that feedback should occur at (NF2.1). 

In IS PPM, generally, reviews and changes occur in line with the business cycle, which 

is often based on arbitrary dates such as monthly or quarterly reporting deadlines. In 

a CAS the cadence of change is matched to the rate of environmental change (RE1.1)  

Balance rather than Optimisation  

In IS PPM there is an assumption that there is one “best” solution for what projects to 

choose, or how to allocate resources. A CAS based approach rejects this, assuming 

that the different goals are in conflict with each other and that what is “best” depends 

on perspective or the changing challenges posed by the environment. A CAS based 

approach seeks to constantly balance conflicting factors coming up with solutions, 

which may not be optimal at any one time, but are effective over a sustained period of 

time (AD3.2, RE2.1, PD1.3, NF2.2). As a result, performance management focuses 

on ensuring essential criteria are satisfied before seeking to optimise performance and 

resource management is about maintaining a continuous flow of resources through the 

system rather than seeking to optimise the use of existing resources. 

Structure 

An effective CAS has a flat, peer to peer structure, based on individual relationships, 

that enables information and resources flow through it (SO1.1, CP2.3). Because the 

system is co-located (ER4.1), agents can move around it, to find the best place for their 
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abilities (SO3.1, RV2.3). Furthermore, this structure can evolve in response to changes 

(IC1.2) or scale up and down in response to changing resources (SR2.1). In contrast, 

IS PPM tends to have a fixed top-down structure, and even when it is decentralised, 

the structure can be rigid with little capacity for mobility. Furthermore, the creation of 

individual relationships is not a priority and co-location is seen as a limitation on the 

portfolio. 

Constant Change 

An effective CAS embraces constant change (AS4.2, DE2.2). By exploring for new 

solutions (AA1.1) and constantly scanning the environment for new threats and 

opportunities even in times of apparent stability (AS2.2), the system is in a constant 

state of flux. In contrast, IS PPM is looking for a long-term optimal stable solution. 

Much of IS PPM is about protecting the system for change rather than seeking to create 

change proactively. For example, recruitment is often about overcoming weaknesses 

rather than creating opportunities (PD2.2). In a CAS based approach to IS PPM, 

project selection becomes an ongoing, continuous task, where no optimal set of project 

exists. Instead, the portfolio constantly seeks projects that can satisfy multiple 

changing constraints imposed by the environment. 

8.3.7 Practical Contribution 

In this study, practice was defined as the link between knowledge and the real world. 

Therefore, the main practical contribution of the study is the development and 

population of the CAPPP Framework, comprising 69 high-level practices to support 

IS PPM as a CAS and 162 IS PPM practices to enable the four components of IS PPM.  

The literature analysis in chapter seven shows that many of the practices comprising 

the framework have not been considered or investigated in the IS PPM literature to 

date. However, some of them are demonstrated in action through the illustrative case 

study in chapter six, thereby helping practitioners to understand how they could be 

enacted in their own portfolio. This contribution is supplemented by the 

recommendations as to how the framework can be used in practice. 

The need for IS PPM research with a practical application was highlighted by many 

of the participants. Many of the portfolio managers expressed frustration at existing 

methods that ignored the complexity or “messiness” of their roles. The CAPPP 
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framework is intended to provide insight into the reality of IS PPM, act as a repository 

of potential practices and assist with the education and training of staff who may not 

understand the unique challenges associated with IS PPM in a complex environment. 

Furthermore, the framework can highlight areas where the existing IS PPM practices 

are weak, unbalanced, or overly prescriptive. 

Finally, the framework provides practitioners with a mechanism to assess their 

portfolio’s ability to deal with complexity. The practitioners can use the high-level 

practices to examine whether their existing portfolio management practices deliver the 

capabilities necessary to survive and adapt to a complex environment. They can then 

select practices from the framework, or develop new ones, to address any weaknesses 

identified. 

8.4 Limitations of the Research 

The limitations of this study and its research approach are now discussed.   

Firstly, from a methodological perspective, statistical generalisation is not possible in 

qualitative research. Instead, this type of research is aimed at theoretical 

generalisation, where concepts and rich insights are developed from local observations 

rather than by focusing on probabilities and frequencies (Walsham, 2006). Complexity 

theory and CAS itself cautions against statistical generalisation in open systems where 

every incident is unique. The rich insights provided by qualitative data may be more 

useful in highlighting the challenges presented managing many projects in a rapidly 

changing environment than could be achieved by a quantitative approach.  

Secondly, the interview method is at risk of bias. However, as discussed in Section 

4.3.8, the researcher took all appropriate steps to minimise bias. For example, 

questions were worded neutrally, and the interviewer was careful with prompts. Data 

whose meaning was unclear was clarified with the participant, and all findings were 

subject to corroboration from other experts. Some CAS experts relied on vivid 

metaphors rather than helping to create an analogy between CAS and IS PPM. This 

highlighted the importance of the rigorous approach to data analysis discussed in 

Section 4.5. 

Thirdly, the selection of experts is a limitation of the study. While Section 4.3.5 

described how the experts were selected using a purposeful sampling methodology to 
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ensure a high level of expertise, the breadth of application of CAS across the social 

and physical sciences meant that it could not be guaranteed that a different set of 

experts would not have prioritised different aspects of CAS or IS PPM. This is 

acknowledged as a challenge when conducting expert interviews (Meuser and Nagel, 

2010, Van Audenhove, 2007). However, within the sample selected, theoretical 

saturation was achieved.  

Fourthly, the illustrative case was selected because it was situated in a complex 

environment and guaranteed excellent access. However, as it acknowledged in 

Chapter six, portfolio managers in the HSE were constrained by the public sector 

environment. Had a different case been selected, different practices may have been 

illustrated. Indeed, despite reaching saturation in the interview sample, the list of 

sample practices could not be considered exhaustive. However, while a second case 

may have been useful, it should be noted that the purpose of the case was not to 

validate the practice framework, but merely to illustrate it in action.  

Fifthly, there was a trade-off between the breadth and depth of the research arising 

from the nature of the conceptual framework. This study applied a framework with 

five major concepts and 19 properties. Such a large framework meant that each 

individual property was not explored as deeply as had a smaller number of properties 

been examined. However, this research was exploratory, and it was deemed more 

appropriate to use the whole of the framework than to focus on one aspect of it, and 

thereby lose the richness of interactions that would otherwise have been achieved. 

Even still, the practice framework should not be considered exhaustive as there may 

be different, and better, ways of achieving the framework aims. Furthermore, the 

supporting evidence for some of the practices is limited. Practices were included 

because the data justified their inclusion. Consistent with the principles of exploratory 

research, this study aimed to identify as many practices as possible. However, testing 

the efficacy of each practice was beyond the scope of this study. 

Sixthly, the discussion chapter is limited by its focus on the IS PPM literature. The 

researcher acknowledges that research into other areas may apply to IS PPM. 

However, it would not have been practical to examine the entire social sciences 

literature for evidence of each of the 162 individual practices.  

Finally, from a practitioner’s perspective, it should not be assumed that executing all 
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parts of the framework are beneficial or even necessary. Portfolio and project controls 

are inherently complex and heavily influenced by social factors. Therefore, the 

applicability or relevance of some parts of the framework may be low in some cases, 

and researchers and practitioners will need to determine themselves which parts are 

most appropriate in specific circumstances. 

8.5 Future Research 

This study highlights the importance and inherent complexity of IS PPM, as well as 

the extent to which it is understudied to date. It also highlights the extent to which the 

implementation of portfolio management and project management are intertwined and 

thus need to be considered simultaneously. This research has made a necessary first 

step, providing an overarching, framework for the identification and construction of 

portfolio management practices. It is hoped that this study will inspire others to further 

this research through a number of avenues. 

Firstly, this research was exploratory and can be used as a basis for explanatory 

research to determine the extent to which the practices proposed are prevalent across 

the PPM community, and indeed to validate the extent to which these practices are 

contributing to success at the PPM level. While the examples and evidence given by 

respondents were useful, future researchers could further examine the 162 IS PPM 

practices, for enabling effective PPM. Table 7.1-1 - Table 7.5-2 provide a starting 

point, by highlighting inconsistencies between the CAPP practices and the existing IS 

PPM as well as a lack of research around how to enact the practices identified. These 

inconsistencies form the basis of a roadmap for future research. Around fifty of the IS 

PPM practices were considered to have a low level of consistency with existing IS 

PPM literature, and around one hundred of them have not been described or explained 

properly in the literature. More in-depth cases are needed to truly validate these 

practices, providing richer descriptions as to how each can be operationally enacted in 

practice, and providing additional evidence as to the efficacy of those practices. Given 

the dynamic, emergent nature of the properties identified, and indeed the concepts of 

CAS and IS PPM generally, longitudinal cases would be particularly welcome. For 

example, while one could study the use of visual imagery to communicate common 

purpose (CP2.1) on a once-off basis, it is the ability to immediately and continuously 

communicate a continually changing purpose that is required in a complex adaptive 
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IS portfolio. Longitudinal case studies or quantitative studies could also examine the 

long-term effects of providing regular rewards for outstanding behaviours (PF1.1). 

Other researchers may consider an ethnographic approach appropriate due to the social 

nature of many of the practices and the complex interactions between individuals and 

teams as they are enacted.  

Secondly, the specific challenges relating to the implementation of the practices could 

be investigated. The operationalised practices identified are exemplars. Future 

research could identify alternative practices to achieve the same CAS goal. As a first 

step, the literature analysis that examines each of the practices highlights areas where 

the dearth of knowledge is greatest and presents a comprehensive agenda for future 

research. Furthermore, the sixty-nine high-level CAS based practices may be of 

interest to researchers in the different fields of management. Focus groups could be 

particularly effective in applying these practices to not problem domains. 

Thirdly, future research could apply the CAS framework differently, or in different 

contexts. For example, while this study chose to focus on individuals and teams as the 

agents under study, future research could look at, for example, the project as the agent. 

Alternatively, future research could focus on the individual concepts or even 

properties of CAS in greater depth. For example, studies could focus specifically on 

interactions in IS PPM or, for example, how diversity supports adaptiveness. This 

study focused specifically on IS PPM comprising any set of projects regardless of 

methodology. However, given the appropriateness of CAS for studying agile (Meso 

and Jain, 2006, Vidgen and Wang, 2006), future research could use the same 

framework to study the specific instance of agile PPM. Indeed the CAS framework 

could easily be operationalised to act as a lens to study other problems within the IS 

discipline or indeed other management systems. The implications of CAS for IS PPM 

could also be investigated using focus groups. This would allow a dynamic interaction 

between experts and practitioners as they sought to explain the nature of CAS and IS 

PPM. 

Fourthly, this study also provides a framework that can be used benchmark practices 

and to allow practices to be delineated into practices of increasing or decreasing 

severity in a maturity model format, increasing the applicability of the practices across 

project portfolios in different contexts. 
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Finally, one could apply a problematisation methodology to identify the root 

assumptions inherent in IS PPM, intentionally avoiding any theoretical frame such as 

CAS (Alvesson and Sandberg (2011). While lacking a coherent frame and structure 

that a theory provides, it can be useful to identify potential assumptions in IS PPM 

that a theoretical lens might not search for.  

8.6 Summary 

This chapter summarised the important aspects of the study. It reminded the reader of 

the research objectives and the methods used to address them (expert interviews and 

an illustrative case study). It summarised the outcomes and presented the theoretical 

and practical contributions of the study. The primary contributions are the 

development of an operationalised framework of IS PPM as a CAS and the CAPPP 

framework. The limitations of the research, and the steps taken to address them were 

discussed. Finally, a plan for future research was presented. 
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 Appendix A 
 

Interview Script for Academic Experts3 

Introduction (5 mins) 

a. Permission to record 

b. Description of project and research objectives 

c. Reason for interviewee being chosen 

d. Format of interview 

 

1. Please briefly describe your experience in researching complex systems 

2. How do you believe that emergence can be managed in complex systems? 

With reference to your own research into complex systems, please answer the 

following questions. Where possible consider how this could be applied to the 

management of a portfolio of IS projects and what practices might be appropriate. 

Agents (7 Mins) 

3. Please describe how the properties of Agents in CAS might transfer to IS 

PPM. 

- Use themes identified in previous interviews as prompts and select follow up 

questions from this list: 

a. How can a common purpose or coherence be established for agents in a 

complex adaptive system  

b. Please describe the balance between autonomy and constraint in a 

complex adaptive system? 

c. Please describe the practices that enable self-organisation to occur in a 

CAS 

d. Please describe practices that improve diversity in a CAS 

e. Please describe the traits that enable agents to adapt to a CAS 

Environment (7 mins) 

4. Please describe how the properties of Environment in CAS might transfer to IS 

PPM. 

- Use themes identified in previous interviews as prompts and select follow up 

questions from this list: 

                                                 

 

3 As described in Sections 4.3.2, 4.3.3 and 4.3.8, this protocol served as a guide with interviews 

conducted in a reflexive manner, focusing on interesting themes that arose. This protocol was adapted 

to focus on the specific expertise of the participants, and evolved as more and more interviews were 

conducted and analysed. 
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a. How do complex adaptive systems cope with the open boundary 

between the system and its environment? 

b. How can complex adaptive systems use the environment as a source of 

resources? 

c. How do complex adaptive systems survive in a constantly changing 

environment? 

d. How do complex adaptive systems organise themselves when there is 

no optimal state of fitness? 

Interactions (7 mins) 

5. Please describe how the properties of Interactions in CAS might transfer to IS 

PPM. 

- Use themes identified in previous interviews as prompts and select follow up 

questions from this list: 

a. How do complex systems ensure the necessary connections between 

agents exist? 

b. How are resources exchanged between agents in a complex adaptive 

system? 

c. Please describe how co-evolutionary or non-linear outcomes arise from 

the interactions between agents 

Emergent Properties (8 mins) 

6. Please describe how the Emergent Properties in CAS might transfer to IS 

PPM. 

- Use themes identified in previous interviews as prompts and select follow up 

questions from this list: 

a. Please describe how a CAS can exist in different attractor states 

b. Please describe how the properties of CAS are resilient 

c. Please describe why they are unpredictable 

d. Please describe how CAS’s have a memory and a path-dependence that 

influences its future  

Feedback (5 mins) 

7. Please describe how the properties of Environment in CAS might transfer to IS 

PPM. 

- Use themes identified in previous interviews as prompts and select follow up 

questions from this list: 

a. Please describe how positive feedback loops can foster desirable 

behaviours in a CAS 

b. Please describe how negative feedback loops can dampen undesirable 

behaviours in a CAS 

PPM (12 mins) 
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8. If the portfolio was a CAS, describe how you believe the following activities 

should take place 

9. Project selection 

10. Resource management 

11. Strategic alignment 

12. Performance management 

Any other comments (5 mins) 
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 Appendix B 
 

Interview Script for IS PPM Practitioners4 

Introduction (3 mins) 

a. Description of research project 

b. Statement of research objectives 

c. Explanation why the interviewee was chosen. 

d. Reference to briefing document 

e. Overview of the interview format 
 

Collection of Background Information (<8 mins) 

1. Briefly, describe your professional background5 

2. PPM roles and responsibilities 

3. Exposure to PPM methodologies 

4. Exposure to complexity science 

5. Please describe the range of portfolios you have worked on 

a. Number of projects 

b. Numbers of employees and teams 

c. Typical project duration 

d. Strategic importance 

e. Degree of complexity 

f. Any other relevant information 

Collection of Main Information (~45 mins) 

Agents 

6. Please describe the practices in your portfolio (or in your experience) that that 

enable people or projects to act like agents in a complex adaptive system (see 

prompts below)? 

a. Common purpose 

b. Autonomy 

c. Self-organisation 

d. Requisite diversity 

e. Adaptiveness 

7. How do you think the following practices suggested by leading CAS 

academics could work in your IS portfolio? 

                                                 

 

4 As described in Sections 4.3.2, 4.3.3 and 4.3.8, this protocol served as a guide with interviews 

conducted in a reflexive manner, focusing on interesting themes that arose. This protocol was adapted 

to focus on the specific expertise of the participants, and evolved as more and more interviews were 

conducted and analysed 

5 Completed in advance where possible 
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<insert practices from explorative interviews> 

Environment 

8. Please describe the practices in your portfolio (or in your experience) around 

the management of the relationship between the portfolio and its environment 

(see prompts below)? 

a. Open environment 

b. Source of resources 

c. Dynamic 

d. No optimal configuration 
 

9. How do you think the following practices suggested by leading CAS 

academics could work in your IS portfolio? 

<insert practices from explorative interviews> 

Interactions 

10. With respect to the prompts below, let’s discuss what practices can be used to 

manage interactions between the different agents in an IS portfolio? 

a. Connectivity 

b. Exchange of resources 

c. Co-evolution between agents 
 

11. How do you think the following practices suggested by leading CAS 

academics could work in your IS portfolio? 

<insert appropriate practices from explorative interviews> 

System Level Properties 

12. With respect to the prompts below, let's discuss what practices can be used to 

manage system-level properties in an IS portfolio? 

a. Attractor states 

b. Resilience 

c. Unpredictable 

d. Path-dependent 
 

13. How do you think the following practices suggested by leading CAS 

academics could work in your IS portfolio? 

<insert appropriate practices from explorative interviews> 

Feedback 

14. With respect to the prompts below, let's discuss what practices can be used to 

encourage feedback in an IS portfolio? 

a. Positive feedback 

b. Negative feedback 
 

15. How do you think the following practices suggested by leading CAS 

academics could work in your IS portfolio? 

<insert practices from explorative interviews> 

Closing questions (~5 mins) 

16. Is there anything else you would like to comment? 
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 Appendix C 

Letter Inviting Experts to Participate 

Dear XXX, 

I am working in a research group in NUI Galway, as part of Lero, the Irish Centre for 

Software Engineering. This group is led by Professor Kieran Conboy. In partnership 

with industry, we study management challenges in software and information systems 

(IS) development.  

The project that I lead, and wish to talk to you about, is focused on improving the 

effectiveness of project portfolio management (PPM) in IS and software development. 

The importance of information systems has resulted in increased spending on a larger 

number of IS projects which have to be managed effectively, as a portfolio, to maintain 

alignment with organisational strategy and achieve business value. IS PPM is a 

complex endeavour enacted in a highly dynamic environment, resulting in emergent 

outcomes that are hard to predict and difficult to manage using a traditional centralised 

approach. This partly explains why the benefits from adopting a portfolio perspective 

in IS have generally failed to match those achieved in other fields, e.g. research and 

development. 

The objective of this study is to use complex adaptive systems theory to identify 

practices that will enable IS PPM to manage emergence. CAS originated in the natural 

sciences as a means to study systems, containing many interacting parts, capable of 

adapting to changes in their environment. CAS theory studies how the interactions 

between the individual and autonomous parts of a system and their environment yield 

emergent behaviour and order at a higher level. A visual representation of CAS theory 

in terms of IS PPM is presented below. 

I have selected a group of 40 experts in the field to participate in a series of interviews, 

and have included you on this list based on your expertise as an academic / practitioner 

<delete as appropriate>. 

I would like to speak to you for about an hour at some stage in the near future and 

maybe for 30 minutes by telephone at a later date. While I understand that you are 

very busy, it would be a great help if you could find the time to take part.  
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While the anonymity of all participants is guaranteed, I will be happy to share with 

you an overview of the results of the study and invite you to participate in any events 

where the results are disseminated. This also offers an opportunity to you to get 

involved in the Lero network.  

Feel free to contact me if you have any queries whatsoever. You can contact me on 

my mobile at +353 86 0461656, or at the postal or email addresses below. 

 

 

Kind regards, 

 

Roger Sweetman 

Researcher in Project Portfolio Management 

Lero, 

JE Cairnes School of Business 

National University of Ireland, Galway 

Galway, 

Ireland 

Tel: 086 046 1656 

Email: roger.sweetman@nuigalway.ie 
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Framework for IS PPM as a Complex Adaptive System 
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 Appendix D 

Glossary for Interview Participants 

 
Concept Properties Definition Meaning in IS PPM 

Agents are 

the 

individuals 

and ISD 

teams that 

contribute 

towards the 

attainment of 

portfolio 

purpose and 

goals 

 

Autonomy 

 

Agents are free to apply 

ingenuity and effort to alter 

the world around them 

Portfolio agents having some 

freedom to choose how they 

contribute to the common 

goals of the IS portfolio. 

Common 

purpose 

Consists of shared 

understandings as to what the 

goal of the system is. 

A set of higher level goals that 

all portfolio agents should 

contribute towards. 

Self-

organizing 

Agents coalesce into clusters 

resulting in co-operative 

behaviour without the 

intervention of a central 

controller 

The establishment of informal 

groups of portfolio agents that 

collaborate on projects of their 

own choosing or share 

knowledge. 

Requisite 

variety 

System must consist of a large 

number of heterogeneous 

agents with diverse forms and 

abilities 

A sufficiently wide range of 

portfolio agents with the 

necessary skills to ensure the 

portfolio purpose can be 

achieved. 

Adaptiveness The evolutionary process 

whereby agents improve their 

fitness 

Describes a portfolio agent’s 

ability to change to improve 

their contribution to portfolio 

purpose. 

The 

environment 

is defined as 

the systems, 

agents and 

resources 

that can 

affect the IS 

project 

portfolio but 

are not part 

of portfolio 

Open 

boundary 

Agents and resources can 

move back and forth between 

the environment and the CAS 

Means that portfolio agents 

can enter and exit the portfolio 

as required. 

Source of 

resources 

Provides the energy, 

information and resources 

required to sustain the system 

The environment provides the 

necessary portfolio agents, 

information, finance and 

physical resources for the IS 

portfolio to sustain itself. 

Dynamic Environment of any given CAS 

is made up of some other 

CAS’s, each of which changes 

and affect change in each 

other 

Portfolio environment 

comprises many constantly 

adapting entities resulting in a 

high degree of technical and 

business change. 

No optimal 

state of 

fitness 

There is no lasting 

configuration of the system 

that provides a better fitness to 

the environment than all the 

other possible configurations. 

No one optimal configuration 

of projects that provides a 

lasting best fit with the 

environment. 

Interactions 

are defined as 

the reciprocal 

Connectivity Enables the flow of 

information and resources 

between agents 

Portfolio agents are able to 

exchange information and 

resources. 
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influences 

between the 

portfolio 

agents as they 

exchange 

information 

and resources 

in pursuit of 

their goals 

Exchange of 

Resources 

Agents interact to procure 

resources more valuable to 

them in the pursuit of their 

own goals 

Portfolio agents exchange 

information and resources to 

procure the particular 

resources they need to achieve 

their individual goals. 

Co-

evolutionary 

Interactions between agents 

affect each other’s evolution 

through a cascade of 

reciprocal adaptions 

The mutual adaption of 

portfolio agents arising 

through their repeated 

interaction. 

Portfolio 

Level 

properties 

are 

observable at 

the portfolio 

level that 

arise from 

the 

collaborative 

actions of 

portfolio 

actors but are 

not explicable 

by the 

behaviour of 

individual 

actors 

Attractor 

states 

Relatively stable states that the 

system is attracted towards 

unless perturbed 

Portfolio optimised around 

certain metrics that it returns 

to if perturbed. 

Resilient maintain a sense of identity 

over time and are immune to 

reasonable variations in the 

behaviour of individual agents 

Portfolio has properties that 

are reasonably immune to 

changes among the agents that 

generate the portfolio 

properties. 

Unpredictable Hard to identify the cause of 

system-level properties and 

thus it is impossible to predict 

their emergence 

Because the cause of portfolio 

level properties may not be 

obvious, it may not be possible 

to predict their emergence. 

Path-

dependent 

Memory creates a path-

dependence that shapes how 

the system develops in the 

future 

The properties of the IS 

portfolio are shaped by the 

portfolio agents memory of 

past events. 

Feedback 

loops occur 

when the 

portfolio 

results 

modify the 

behaviours of 

those 

portfolio 

agents whose 

behaviour 

creates them. 

Positive Process being fed back takes 

place in the same direction as 

the initial change. 

Occurs when portfolio level 

outcomes result in an increase 

in the agent level behaviours 

that create them. 

Negative Process being fed back takes 

place in the opposite direction 

to the initial change 

Occurs when portfolio level 

outcomes result in a reduction 

in the agent level behaviours 

that created them. 
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 Appendix E 
 

Briefing Document for HSE IS Portfolio Manager 

 

ICT Portfolio Management in the HSE 

Background: Traditional theory and practice in project portfolio management 

(PPM) ignore the complex interplay between teams and projects as well as the 

dynamic environment in which ICT projects are situated. This centralised 

“command and control” approach is overly focused on project selection and 

has little to say about the day to day management of the problems that emerge 

in complex portfolios of interdependent IS projects. This failure to manage 

emergence is a crucial factor in the high rates of ICT portfolio failure afflicting 

all industries across the public and private sectors.    

 

To address PPM failure globally and to examine ways of improving the 

management and performance of project portfolios in complex organisations 

like the HSE, this research has developed a set of leading complexity based 

practices from interviews with 30 world-renowned academic experts in 

complexity theory and experienced portfolio practitioners. I now wish to tailor 

these practices to PPM in the HSE. 

What you gain from this study: 

- Report outlining leading complexity based practices 

- Analysis outlining how these practices can be implemented or adapted 

for the HSE 

- Opportunity to engage in a reflection on current practices and how they 

benchmark against leading practices 
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- Seminar outlining the importance of complexity in portfolio 

management and a summary of all findings from the study 

- Access to a broader network of individuals and organisations practising 

PPM 

- Opportunity to co-author practitioner-focused articles about PPM 

Research Approach: I will interview between 6 and 12 members of the 

portfolio team. This involves people working at the portfolio level, project 

managers and both clinical and administrative users of ICT projects. Ideally, 

interviews will be between 30 and 90 minutes long. However, as I am 

committed to minimising disruption to you, some can be held over a cup of 

coffee or lunch to facilitate the schedules of interviewees. Interviews will focus 

on the participants’ experience of portfolio management within the HSE. I 

guarantee the confidentiality of all participants. No individual participant will be 

named in any publication and HSE will be provided with a copy of all materials 

before publication.  

Who are we? 

This research is a conducted jointly by Lero and the Whitaker Institute in NUI 

Galway. Lero is the Irish Software Research Centre (www.lero.ie). The 

Whitaker Institute seeks innovative approaches to challenges and issues 

facing our economy and society (http://whitakerinstitute.ie) 

Roger Sweetman (roger.sweetman@nuigalway.ie) is a 

doctoral researcher studying complexity and project 

portfolio management. Before joining Lero, Roger worked 

firstly, as a software engineer and then as an administrator 

in the public sector. He has a passion for using ICT to 

improve how public services are delivered. The challenges 

associated with ICT and public healthcare delivery are of 

personal interest to Roger as his wife works in the 

symptomatic breast cancer service in Galway University 

Hospital. 

 

  

http://www.lero.ie/
http://whitakerinstitute.ie/
mailto:roger.sweetman@nuigalway.ie
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Kieran Conboy (kieran.conboy@nuigalway.ie) is Principal 

Investigator for the Software Methods and Standards 

Group in Lero. He is also Professor of Business 

Information Systems at NUI Galway. Kieran has advised 

and published widely in the areas of management and 

workplace innovation, and particularly in the area of agile 

and lean processes in software organisations. 

 

What is complexity?  

Complexity theory studies the emergence of higher-level order in non-linear 

systems where simple cause and effect do not appear to apply. Specifically, 

complex adaptive systems (CAS) theory studies systems comprising many 

heterogeneous, autonomous agents whose interaction results in the 

emergence of a higher level system adapted to its environment – e.g. the 

immune system. 

 

  

mailto:kieran.conboy@nuigalway.ie
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 Appendix F 
 

Interview Protocol for Case Study6 

Introduction to the Study 

a. Description of research project 

b. Statement of research objectives 

c. Explanation why the interviewee was chosen. 

d. Reference to briefing document 

e. Overview of the interview format 
 

Collection of Background Information (<8 mins) 

1. Can you briefly describe your professional background  

a. PPM roles and responsibilities 

b. Exposure to PPM methodologies 

c. Exposure to complexity science 

d. Could you describe the range of portfolios you have worked on 

 

Collection of Main Information (~45 mins) 
 

Agents 

2. How do you enact the following practices identified in this research?  

<insert IS PPM practices from expert interviews> 

3. Please describe the practices in your portfolio that that enable people or 

projects to act like agents in a complex adaptive system (see prompts below)? 

a) Common purpose 

b) Autonomy 

c) Self-organisation 

d) Diversity 

e) Adaption 

 

Environment 

4. How do you think the following practices identified in this research could 

work in your IS portfolio? 

<insert IS PPM practices from expert interviews> 

                                                 

 

6 As described in Section 4.4.3 and 4.4.4, this protocol served as a guide with interviews conducted in 

a reflexive manner, focusing on interesting themes that arose. This protocol was adapted to focus on 

the specific experiences of the participants 
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5. Please describe the practices in your portfolio around the management of the 

relationship between the portfolio and its environment (see prompts below)? 

a) Open environment 

b) Source of resources 

c) Dynamic 

d) No optimal configuration 
 

Interactions 

6. How do you think the following practices suggested by leading CAS 

academics could work in your IS portfolio? 

<insert IS PPM practices from expert interviews> 

7. With respect to the prompts below, let's discuss what practices can be used to 

manage interactions between the different agents in an IS portfolio? 

a) Connectivity 

b) Exchange of resources 

c) Non-linear outcomes 
 

System Level Properties 

8. How do you think the following practices identified in this research could 

work in your IS portfolio? 

<insert IS PPM practices from expert interviews> 

9. With respect to the prompts below, let's discuss what practices can be used to 

manage system-level properties in an IS portfolio? 

a) Attractor states 

b) Resilience 

c) Unpredictable 

d) Path-dependent 
 

Feedback 

10. How do you think the following practices identified in our research could work 

in your IS portfolio? 

<insert practices from expert interviews> 

11. With respect to the prompts below, let's discuss what practices can be used to 

encourage feedback in an IS portfolio? 

a) Positive feedback 

b) Negative feedback 

 

Closing questions (~5 mins) 

12. Is there anything else you would like to comment? 

 



310 
 

 Appendix G 
 

Interview Notes Template 

 Project Selection Resource Management Strategic Alignment Performance Management 

Agents 

- Autonomy 

- Common Purpose 

- Self-organisation 

- Requisite variety 

- Adaptiveness 

    

    

    

    

    

Environment 

- Open Boundary 

- Source of Resources 

- Dynamic 

- No optimal fit 

    

    

    

    

Interactions 

- Connectivity 

- Exchange of resources 

- Co-evolution 

    

    

    

Emergence 

- Attractor states 

- Resilience 

- Unpredictable 

- Path-dependent 

    

    

    

    

Feedback 

- Positive 

- Negative 

    

    



 
 

311 
 

 Appendix H 
 

Details of Academic Interview Participants 

Name Role Institution 

Prof Marguun 

Aanestad 

Professor of Informatics – Interconnected 

Technology 

University of Oslo 

Prof W. Brian 

Arthur               

External Professor, Santa Fe Institute and 

Visiting Researcher, System Sciences Lab, 

PARC 

Santa Fé Institute 

Prof Rob Axtell Chair of Computational Social Science George Mason 

University 

Dr Kevin Dooley Senior Sustainability Scientist Arizona State 

Dr Jim Duggan Lecturer and Lead Investigator with Systems 

Dynamics Research Group 

National University of 

Ireland, Galway 

Prof Ted Fuller Professor of Entrepreneurship and Strategic 

Foresight 

Lincoln Business School 

Prof Mirta Galesic Cowan Chair in Human Social Dynamics Santa Fé Institute 

Dr Enda Howley Lecture in Information Technology National University of 

Ireland, Galway 

Dr Mary Lee Rhodes Deputy Director, Trinity Haus Trinity College Dublin 

Dr Benjamin 

Lichtenstein 

Research Fellow, Center for Sustainable 

Enterprise 

University of 

Massachusetts 

Dr Donal McKernan Principal Investigator, E-CAM Complex Adaptive 

Systems Laboratory, 

University College 

Dublin 

Prof Eve Mitleton-

Kelly 

Director, LSE Complexity Research Group London School of 

Economics 

Prof Chris Mowles Director, University of Hertfordshire 

Doctoral Program on Complexity Science 

University of 

Hertfordshire 

Prof Scott Page Leonid Hurwicz Collegiate Professor of 

Complex Systems, Political Science, and 

Economics 

University of Michigan 

Dr Xiaofeng Wang Research, Complex Adaptive Systems Free University of 

Bolzano 

 

 



 
 

312 
 

 Appendix I 

Details of Practitioner Interview Participants 

Name Role Institution 

Mr Derek Barret Product Director EMC 

Dr Michael Browne Technical Director Irish Centre for High-

End Computing 

Ms Natalie Donohue Global IT Director PWC 

Ms Jackie Glynn Head of PMO 3Mobile 

Mr Fran Heggarty Senior IT Specialist St James Hospital 

Mr Tomas McArdle Projects Officer National University of 

Ireland, Galway 

Mr Ultan McDonnagh Senior Project Manager Fidelity 

Ms Sylvie McDonnogh Portfolio Lead BetFair 

Mr Philip O’Carroll Technical Director EMC 

Mr John Savage               CEO Action Point 

Dr Tony Shannon CEO Frectal 

Mr Derek Tierney Portfolio Manager Irish Civil Service 

Mr Reinhard Wagner President International Project 

Management Association 

Mr Daniel Walsh Portfolio Complexity Lead Intel 

Mr Seamus Woods Head of Portfolio Management Health Service Executive 
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 Appendix J 

The CAPPP Framework 

 

 

 

  



 
 

314 
 

 Appendix K 

Project Selection Practices 

Code IS PPM Practice 

5.1 Agents 

5.1.1 Autonomy 

AA1.3  Use flexible project selection criteria, focused on purpose, which adapt to changing 

environment 

AA5.1 Use informal communications to help make collective decisions around project selection 

5.1.3 Self Organisation 

SO1.3 Provide portfolio teams with maximum possible discretion to decide how what they do 

and how they should do it 

SO2.1 Encourage agents to compete to get on the best projects by limiting the number of 

projects available  

 5.1.4 Requisite Variety// 

RV3.1 Run exciting projects that attract and retain ambitious portfolio agents and result in 

further exciting projects  

5.2 Environment 

5.2.1 Open Boundary 

OB2.3 Cancel projects when appropriate 

OB4.2 Allow unofficial projects to proceed if they can be incorporated into the portfolio if 

successful 

  5.2.2 Source of Resources 

SR3.1 Portfolio holds hackathons to discover how to take advantage of new technologies  

5.2.3 Dynamic Environment 

DE4.2 Reprioritise portfolio backlog at the same cadence as the portfolio environment  

5.4 System Level Properties 

5.4.1 Attractor States 

AS2.2 Portfolio agents constantly scan the environment for opportunities and threats even in 

times of stability 

AS4.2 Portfolio agents constantly seek to disrupt their own portfolio through innovation  

5.4.2 Resilience 

RE1.2 Ensure portfolio has range of projects appropriate to the environment 

RE4.1 Maintain a consistent portfolio appearance, e.g. consistent user interface across projects, 

during periods of change 

5.4.3 Unpredictable 

UE1.1 Encourage portfolio agents from different areas to work together on experimental projects  

5.4.4 Path-dependent 

PD2.1 Consider the future opportunities created by new skills when selecting projects 
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 Appendix L 

Resource Management Practices 

Code IS PPM Practice 

5.1 Agents 

5.1.1 Autonomy 

AA1.1 Reward exploratory behaviour even when unsuccessful   

AA1.2 Use flexible job specs, focused on purpose, which can adapt to the changing environment  

AA2.1 Calibrate autonomy appropriate to environment  

AA2.2 Calibrate autonomy for  individual agents  

AA3.3 Provide staff with the necessary infrastructure 

AA4.1 Recruit, retain and promote staff comfortable with autonomy  

5.1.2 Common Purpose 

CP3.1 Reward, retain and promote staff for their contribution to portfolio purpose as opposed to 

the achievement of individual goals  

CP3.2 Empower staff to reward their peers for altruistic behaviour 

CP3.3 Isolate or exclude staff who continuously undermine purpose through selfish action  

CP3.4 Immediately discourage staff from behaviours not conducive to achieving portfolio 

purpose  

CP4.3 Ensure purpose internal configuration of the portfolio maintain alignment 

5.1.3 Self-organisation 

SO3.1 Support mobility if agents wish to volunteer for new self-organizing projects 

SO3.2 Add agents with a large network to important projects 

SO3.3 Encourage agents to build large personal networks 

SO4.1 Use mechanisms such as badges or special interest groups to allow portfolio agents 

recognise other similar agents with required skills 

SO4.2 Engage in team-building exercises that enable portfolio agents to identify common 

interests that may result in collaboration 

SO5.2 Standardise and restrict team sizes  

SO5.3 Restrict the number of teams interacting with each other on a regular basis 

5.1.4 Requisite Variety 

RV1.1 Attempt to attract a more diverse range of graduates if in dynamic environment 

RV2.1 Provide continuous learning and development for all agents to prepare them for new 

challenges 

RV2.2 Provide agents with cross training in different roles 

RV2.3 Move agents around, into and out of the portfolio with a managed turnover 

RV2.4 Recruit portfolio agents from multiple sources 

RV3.2 Provide mix of remuneration and benefits consistent with other similar portfolios 

5.1.5 Adaptiveness 

AD1.2 Promote, reward and retain agents by their performance against the fitness function 

AD2.1 Retain and reward only the portfolio agents that display a capacity to change 

AD2.2 Make regular continuous professional development available to all portfolio agents  

AD3.1 Provide funding for additional training courses as rewards  

AD4.1 Provide portfolio agents with a career development roadmap with small milestones  

AD4.2 Ensure that effective changes are promptly rewarded with positive feedback and small 

tokens 

AD5.1 Encourage portfolio agents to get as wide a range of experiences as possible  

AD5.2 Encourage experienced portfolio agents to act as “sages” for new teams  

AD5.3 Dismiss portfolio agents that do not demonstrate a capacity to continue to learn 
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5.2 Environment 

5.2.1 Open Boundary 

OB1.1 Insulate staff engaged in boundary scanning from unrealistic demands and criticism 

OB1.2 Reward portfolio staff appropriately compared to competitors  

OB2.1 Ensure recruitment practices make it easy to recruit and let go staff as appropriate  

OB2.2 Ensure procurement policies are flexible enough to allow change in level of resources  

OB3.1 Cross train staff to enable them to collaborate outside their units  

OB3.2 Reward staff for engaging in cross-boundary activities such as attending conferences or 

observing other project meetings 

OB4.3 Formally or informally, reward staff outside the portfolio who contribute to its goals  

5.2.2 Source of Resources 

SR1.1 Invest in maintaining and upgrading infrastructure 

SR1.2 Relax procurement policies to allow stakeholders provide essential resources 

5.3 Interactions 

5.3.1 Connectivity 

IC2.3 Ensure portfolio staff have the time to interact meaningfully at events  

5.3.2 Exchange of Resources 

ER1.1 Provide staff with feedback on return from different resources throughout organisation 

ER2.2 Provide redeemable credits to teams that forgo resources  

ER3.1 Allows teams exchange resources below a certain threshold without higher approval 

ER4.1 Co-locate teams where possible 

ER4.2 Bring teams together as frequently as possible when they are not co-located 

ER4.3 Use extracurricular activities to help form or repair personal bonds between staff  

5.3.3 Co-evolutionary 

CO3.1 Train staff in “soft-skills” to identify problems in relationships 

5.4 System Level properties 

5.4.1 Attractor States 

AS1.2 Give portfolio agents “free-time” to explore new possibilities 

AS3.1 Train portfolio agents to identify weak signals that predict major change   

5.4.2 Resilience 

RE2.1 Recruit a broad range of staff from a wide variety of sources   

RE2.2 Use cross-training to avoid overspecialisation   

RE2.3 Rotate staff to increases skills diversity 

RE3.2 Focus on resilience for critical projects and performance for non-critical projects 

5.4.3 Unpredictable 

UE2.2 Retain and develop experienced portfolio agents who recognise abrupt transitions  

5.4.4 Path-dependent 

PD2.2 Recruit staff with additional skills from outside the portfolio  

PD2.3 Constantly review  resources required to maintain legacy projects  

PD3.1 Use techniques such as pair programming and mentoring to build shared memory  

PD3.3 Protect portfolio memory during organisational change   

PD3.4 Utilise shared portfolio memory when facing difficult problems 

5.5. Feedback Loops 

5.5.1 Positive Feedback 

PF4.2 Build time into schedules to facilitate feedback sessions  

5.5.2 Negative Feedback 

NF3.1 Train managers to be comfortable with less control  
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 Appendix M 

Strategic Alignment Practices 

Code IS PPM Practice 

5.1 Agents 

5.1.2 Common Purpose 

CP1.1 Translate organisation purpose to portfolio purpose which aligns all portfolio staff with 

the overall organisational mission 

CP2.1 Portfolio manager acts as “story-teller-in-chief” expressing purpose as a story or visual 

image and using every opportunity to articulate this purpose 

CP2.2 Articulate purpose in a language based on customer or end-user needs  

CP2.3 Encourage staff to share purpose with their connections especially face to face 

CP4.1 Conduct regular reviews of portfolio purpose in light of changing environment 

5.2 Environment 

5.2.2 Source of Resources 

SR3.3 Spin out successful experiments inconsistent with portfolio purpose as start-up companies 

5.2.3 Dynamic Environment 

DE2.2 Constantly test and refine environmental models 

DE3.1 Train portfolio staff to engage in environmental scanning and to communicate the 

opportunities and threats they identify  

DE3.2 Revise portfolio strategy in response to opportunities and threats identified 

DE4.1 Replace long-term portfolio plan with portfolio backlog  

5.3 Interactions 

5.3.1 Co-evolutionary 

CO1.2 Seek to influence industry evolution by participating in standard setting groups 

CO3.2 Uses signals like a decrease in requests for new features to predict an abrupt fall off in 

demand 

5.4. System Level Properties 

5.4.1 Attractor States 

AS3.2 Conduct regular brainstorming sessions to identify responses to major potential changes  

AS4.1 Focus on initiating change not responding to it  

5.4.3 Unpredictable Emergence 

UE1.2 Be prepared to alter strategy to take advantage of unpredicted opportunities  

UE2.3 Adjust strategy when portfolio starts to behave unpredictably   

5.5 Feedback Loops 

5.5.1 Positive Feedback 

PF2.2 Hold regular retrospectives to identify threats and opportunities from rapid growth 

 

 

 

 

 

 

 

 



 
 

318 
 

 Appendix N 

Performance Management Practices 
Code IS PPM Practice 

5.1 Agents 

5.1.1 Agent Autonomy 

AA3.1 Shift the portfolio manager’s focus from control to motivation  

AA3.2 Task the PMO with creating an environment where agents can work effectively  

AA4.2 Create protective space where agents focus on challenges, free from constant interruption 

AA4.3 Create a translational layer to satisfy external stakeholders reporting requirements 

AA5.2 Reward teams who make effective group decisions 

AA5.2 Restrict escalation of decisions to certain thresholds or where consensus impossible 

5.1.2 Common Purpose 

CP4.2 Enable bottom-up communications for staff to highlight inconsistencies or shortfalls in 

purpose 

5.1.3 Self-organising 

SO1.1 Create a flat structure where portfolio agents supported by leadership training can move 

between roles as the situation demands 

SO1.2 Determine which parts of the portfolio are suitable for self-organisation  

SO5.1 Implement common standards for architecture, coding and governance across portfolio  

5.1.5 Adaptiveness 

AD1.1 Identify the multiple metrics that support financial performance and innovation  

AD1.3 Provide continuous feedback to agents on their performance 

AD1.4 Regularly revise the fitness function in light of changing environment 

AD3.2 Identify the appropriate balance between adaptability and performance optimisation  

5.2 Environment 

5.2.1 Open Boundary 

OB2.4 Develop dispute resolution process to prevent the build-up conflict 

OB4.1 Ensure portfolio agents are aware of the changing informal system boundary around the 

portfolio and are prepared to work with agents outside the official portfolio  

5.2.2 Source of Resources 

SR2.1 Update the portfolio governance structure as teams are added or taken away 

SR3.2 Adopt the results of successful experiments across the portfolio 

SR4.1 Use industry standard architecture and coding styles that facilitate the utilisation of 

resources from outside the portfolio 

5.2.3 Dynamic 

DE1.1 Regularly review all portfolio KPIs against strategic objectives and competitors 

DE1.2 Revise portfolio goals in response to changing economic conditions 

DE2.1 Create a model of the portfolio environment that guides decision making 

5.2.4 No Optimal State of Fitness 

NO1.1 Relate all individual targets to overall performance goals  

NO1.2 Reconcile competing portfolio performance goals 

NO1.3 Balance long term and short term performance 

NO2.1 Continuously map the dependencies between the different factors that make up portfolio 

performance and weight them accordingly  

NO3.1 Identify which performance metrics need to be optimised and which need to be satisfied  

NO3.2 Ensure that basic survival criteria are satisfied before seeking to improve other 

performance measures 

5.3 Interactions 

5.3.1 Connectivity 
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IC1.1 Determine appropriate portfolio network structure for strategy and environment 

IC1.2 Evolve existing structure to desired structure  

IC2.1 Size meetings appropriately, with a purposeful agenda, limited to meaningful content 

IC2.2 Establish a portfolio culture that supports the exchange of information and resources  

IC3.1 Keep portfolio teams as small as possible 

IC3.2 Encouraged portfolio staff to concentrate on connections that can create value 

IC3.3 Encourage informal communications where appropriate  

5.3.2 Exchange of Resources 

ER2.1 Reward portfolio staff fairly for exchanging resources 

5.3.3 Co-evolutionary 

CO1.1 Identify groups of staff that work together and cross-train them to co-operate effectively  

CO2.1 Reward behaviours as well as outcomes.  

CO2.2 Monitor effect of interactions in both long and short-term to provide appropriate feedback  

5.4 System-level properties 

5.4.1 Attractor States 

AS1.1 Run environmental simulations to identify potential markets  

AS2.1 Benchmark the portfolio against other high performing systems  

AS4.3 Constantly monitor the environment for threats and opportunities 

5.4.2 Resilience 

RE1.1 Model the rate of environmental change to estimate the level of resilience required 

RE3.1 Identify necessary level of resilience for the portfolio 

5.4.3 Unpredictable 

UE2.1 Use models and simulations to identify leverage points in the portfolio  

UE3.1 Conduct deep dives to ascertain the actual causes of emergence and project success 

UE3.2 Use positive feedback to reinforce desirable changes  

5.4.4 Path-dependent 

PD1.1 Understand how and why portfolio practices work in context before implementation 

PD1.2 Adapt best practice from methodologies rather than implement a standard version 

PD1.3 Evaluate portfolio teams on outcomes as opposed to adherence to standardised practices  

PD3.2 Use forums  to celebrate success  

5.5. Feedback Loops 

5.5.1 Positive feedback 

PF1.1 Provide regular rewards for outstanding behaviours  

PF1.2 Train staff how to give and receive positive feedback 

PF1.3 Identify what staff actually value and use this in positive feedback 

PF2.1 Promote a culture that enables people to speak freely when positive feedback causes the 

portfolio to become out of control  

PF3.1 Use the data acquired for feedback for learning, not for measurement or reward 

PF3.2 Make feedback visible where possible so everyone can learn from it  

PF3.3 Support metrics with informal and qualitative forms of feedback 

PF4.1 Reduce the administrative overhead associated with feedback where possible 

PF5.1 Identify the different time horizons within the portfolio  

PF5.2 Use a mix of short and long-term metrics 

5.5.2 Negative Feedback 

NF1.1 Inform agents quickly and informally when the behaviour is inappropriate  

NF1.2 Use formal control for negative feedback as sparingly as possible  

NF2.1 Prioritise formal control when system is in danger of descending into chaos  

NF2.2 Balance negative feedback against need for change  

NF3.2 Reduce the amount of formal portfolio reporting to the minimum level possible 

 


