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Abstract—When we use a PSM what is it we are actually doing? An answer to this 

question would enable the PSM community to considerably enlarge the available source of 

case studies by the inclusion of examples of non-codified PSM use. We start from 

Checkland’s own proposal for a “constitutive definition” of SSM, which originated from 

trying to answer the question of knowing when a claim of SSM use was legitimate. By 

extending this idea to a generic constitutive definition for all PSMs leads us to propose a self-

consistent labelling schema for observed phenomena arising from PSMs in action. This 

consists of a set of testable propositions, which, through observation of putative PSM use, 

can be used to assess validity of claims of PSM use. Such evidential support for the 

propositions as may be found in putative PSM use can then make it back into a broader 

axiomatic formulation of PSMs through the use of a set-theoretic approach, which enables 

our method to scale to large data sets. The theoretical underpinning to our work is in causal 

realism and middle range theory. We illustrate our approach through the analysis of three 

case studies drawn from engineering organisations, a rich source of possible non-codified 

PSM use. The combination of a method for judging cases of non-codified PSM use, sound 

theoretical underpinning, and scalability to large data sets, we believe leads to a 

demystification of PSMs and should encourage their wider use.  
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1. INTRODUCTION 

"It is the Constitutive Rules which are of greater interest since they answer the stark 

question: What is SSM? If there are no such rules then in what sense can SSM be said to 

exist?" (Checkland & Scholes, 1999, p. 285)  

 

Our motivation for this paper is to study the use of PSMs in engineering organisations. In 

particular, the programmes we have access to are increasing the amount of data available to 

us as researchers in the field of PSMs, producing an avalanche of technical engineered 

artefacts within diverse contexts such as the sustainable urban environment, defence 

aerospace, information systems, and transport. Our thesis is that use of PSMs abounds in 

these engineering organisations, but evidence of their use is obscured by the absence of any 

formal description of how problem structuring occurs. This is the problem of so-called non-

codified use of PSMs (Gregory & Atkins, 2012; Yearworth, Dunford, York, & Godfrey, 

2012). This leads us to a more general interest in understanding PSM practice, which in turn 

is part of a wider project to re-interpret PSMs into an axiomatic formulation. We wish to 

present a set of problem structuring principles, which would fit well with not just engineering 

pragmatics but also provide a basis to understand PSM practice more generally. This would 

possibly encourage wider use of problem structuring methods in engineering with the goal of 

bringing PSMs back into general Systems Engineering use (Yearworth & Edwards, 2013) 

and thus mirroring the origins of SSM in the failure of Systems Engineering in messy 

management contexts (Checkland & Jenkins, 1974). The majority of research efforts in this 

area thus far have been concerned with whether PSMs work in particular circumstances and 

why, and not with how or for whom. However, Gregory et al, and Bell in earlier work, have 

reported on recent research which seeks to adress these questions in the specific case of 

deciding whether the DPSIR1 framework, which is widely used in environmental work, can 

be considered as a PSM (Bell, 2012; Gregory, Atkins, Burdon, & Elliott, 2013). Given the 

need for wide participation in DPSIR modelling Gregory et al have focussed on the necessary 

role of boundary critique (Ulrich, 2003). 

In this paper, we are not concerned with the question of evaluation of performance as in 

the case of e.g. (Midgley et al., 2013; Mingers & Rosenhead, 2004; White, 2006); our focus 

is to find a reliable means of detecting evidence of PSM use when it has not been described 

as such, from which the basis to understand PSM practice can be realised.  

                                                
1 Driving forces, Pressures, States, Impacts, Responses 
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The paper will proceed as follows: First our theoretical position will be outlined. We then 

review a number of existing frameworks and from these develop a proposal for a generic 

constitutive definition of PSM use. We reflect on this proposal through the analysis of three 

case studies of interest to both engineers and the Soft OR community. We follow this with 

our discussion and conclusions. 

2. THEORETICAL POSITION  

In this section, we explore our theoretical position and how this fits in with current 

thinking on OR theory and practice. We start with a discussion on middle range theory, 

causality, and introduce the idea of causal mechanisms and its potential in understanding 

PSM practice.  

There is a burgeoning literature on the underpinning theoretical base for PSM (and OR) 

practice, ranging from scientific determinism to a more critical and emancipatory stance (See 

(Dando & Bennett, 1981; Jackson, 1993a; Keys, 1989; Mingers, 1992; Ormerod, 1996)). 

Recently, it was suggested that inferences about PSM practice requires the working out of 

more middle range theories (and models) (Mingers, 2007; White, 2006). This aligns with a 

general movement in the social sciences that middle range theorizing makes more sense in 

avoiding the pitfalls of agency or structure explanations of social phenomena (Giddens, 1984; 

Merton, 1963). In particular Merton inveighed against both grand theory at one extreme, and 

empiricism at the other, and advanced arguments for middle range theory, which are limited 

and modest in scope. A preference was expressed for theories of limited generalizability, with 

an intermediate position implied on the macro-micro and abstract-concrete dimensions, 

respectively. Middle range theorizing has the potential to be general enough to be relevant 

across a number of settings, but limited enough in its claim of completeness.  In relation to 

OR, it was suggested that adopting a theoretical stance with limited scope helps to explain a 

specific set of phenomena, as opposed to taking a stance based on a grand theory that seeks to 

explain phenomena at a societal level (White, 2006). Middle range theory does not refer to a 

specific grand narrative theory, but is rather an approach to theory construction or theorizing. 

Efforts to deepen our understanding of OR interventions and improve theorising on PSMs are 

certainly welcome. It is, therefore, unsurprising that understanding OR practice as suggested 

by champions of PSMs have found fertile ground in the ideas of critical realism as an 

example of middle range theory. To mention only a few selected examples, Mingers argues 

for critical realism as an underpining philosophy for OR/MS and systems, and Yearworth and 

White have already adopted aspects of critical realism in explicating the use of qualitative 
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coding for systems dynamics modelling (Mingers, 2000; Yearworth & White, 2013). Yet, 

despite this positive resonance in many corners of the discipline, most of the discussion on 

the subject has gravitated towards a narrow programmatic view not related to the broader 

scope of a causal argument. Thus, instead of deliberating on the pertinence or potential 

benefits of a deeper view on causation and causal explanation to guide inquiry into the 

practice of OR, the discussion has been pushed, perhaps inadvertently, into an arena of 

paradigmatic struggles where particular methodological and theoretical issues have displaced 

more general discussion on mechanisms. Thus, we are drawn to ideas such as critical realism 

and as an example of middle range theory and to Little’s notion that suggests a position of 

causal realism as serving the basis for both an ontological notion and an explanation of PSM 

methodology (Little, 2011).  

Our theoretical basis is the turn in social science towards causality. This has had a long 

history. The foundations were laid by Hume and, later, by J. S. Mill (see (Pawson, 1989) for a 

review). Among these, the “method of agreement” and the “method of difference” are the 

most important. The “method of agreement” refers to eliminating all similarities but one: if 

two or more instances of the phenomenon under investigation have only one circumstance in 

common, the circumstance in which alone all the instances agree is the cause (or effect) of 

the given phenomenon. By contrast, the “method of difference” establishes the absence of a 

common cause or effect, even if all other circumstances are identical. Both methods thus are 

concerned with the systematic matching and contrasting of cases in order to establish 

common causal relationships by eliminating all other possibilities. Both procedures are, 

however, somewhat extreme in the sense that they attempt to establish a single common 

cause, or its absence, by controlling all other possibilities and the entire environment. 

Therefore, we must appeal to an essential pragmatism to reflect the messiness of the context 

in which we are attempting to find evidence of non-codified PSM use and this entails two 

further principles; causal asymmetry and equifinality. Firstly, the expectation is that the 

patterns of attributes will exhibit different features and lead to different outcomes depending 

on how they are arranged. As a result, relationships need not be symmetric (Black & Boal, 

1994). This perspective has implications on our understanding on how cause-effect 

relationships combine to achieve outcomes. Such an argument is both attractive and 

important because it implies causal asymmetry (Ragin & Strand, 2008), i.e. that causes 

leading to the presence of an outcome of interest may be quite different from those leading to 

the absence of the outcome. Secondly, the notion of causality stresses the concept of 

equifinality, which refers to a situation where a system can reach the same final state from 
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different initial conditions and by a variety of different paths (Katz & Kahn, 1973). It 

emphasises the idea that several causal paths to an outcome exist. However, these concepts of 

asymmetry and equifinality have not been well translated into empirical settings.  

We also aim to place the concepts of causal necessity and sufficiency at the center of 

theory building and analysis (e.g. (Ragin, 1987, 2000)). Specifically, we suggest that causal 

relations in organizations practices as well as the social world more broadly are usually better 

understood in terms of set-theoretic relations (Ragin & Pennings, 2005). We argue that set-

theoretic methods are uniquely suitable for theory building and analysis because such 

methods explicitly conceptualize cases as combinations of attributes and emphasize that it is 

these very combinations that give cases their unique nature (Ragin, 2000). We need a 

technique grounded in set theory that allows for detailed analysis of our cases and i) 

maximizes the number of comparisons that can be made across the cases under investigation 

(i.e. the technique is scalable), and ii) show how causal conditions contribute to an outcome 

in question. The approach would be suited for analysing non-codified use and test theory 

because it is based in an understanding of how causes combine to bring about outcomes and 

because it can handle significant levels of causal complexity. The technique evaluates the 

relationship between an outcome and all possible Boolean combinations of the casual 

mechanisms. For example, given an outcome set !  the judgments on the belief that 

!"#! ≡ !!"# is true2 for a case and mechanisms sets [!!…!], analysis examines which 

combinations of the elements of !  are most likely to produce the outcome set. The 

approach also provides the possibility to detect necessary and sufficient conditions for certain 

outcomes as well as equifinal and conjunctural causation. The implementation of this 

approach is discussed further in §9, which shows the relationship between sets [!!…!] and 

!  using the case study data analysed in sections 7, 8 and 9. It is only through the collection 

of large data sets that the questions we raise can be answered, and this work sets out a well-

justified approach. 

Figure 1 here 

                                                
2 Note that throughout the text we will use normal text PSM when we mean PSM generically, and 

mathematical text !"# when we mean a specific PSM such as SSM, SCA, SODA etc., and !"# 

when we are observing problem structuring in action that may be labelled as a PSM once the question 

of our belief in the truth of !"# !≡ !"# has been decided. We show the relationship between them 

in Figure 1. 



 

 6 

A key way of organizing the complex webs of cause-effect relationships into coherent 

accounts is by means of typologies or classifications. As Doty and Glick argue, typologies 

are a unique form of theory building in that they are complex theories that describe the causal 

relationships of contextual, structural, and strategic factors, thus offering patterns that can be 

used to predict variance in an outcome of interest (Doty & Glick, 1994). Typologies and 

classifications are theoretically attractive for a number of reasons. Because of their 

multidimensional nature, the causal arguments embedded in typologies acknowledge the 

complexity and interdependent nature of the phenomena or interventions, in which schemes 

frequently rest not on a single attribute but instead on the relationships and complementarities 

between multiple characteristics (Doty & Glick, 1994). Typologies and classifications are 

furthermore helpful because they provide for multiple causal relationships by simplifying 

them into a few typified and easy-to-remember profiles (see (Jackson & Keys, 1984)) 

inviting their use as heuristic tools for researchers and practitioners alike (Jackson, 2000).  

In sum, middle range theory is an approach to theory construction or theorizing, enabling 

efforts to deepen our understanding of OR interventions and improve theorising on PSMs 

more generally. We are also drawn to a position of causal realism as serving the basis for an 

explanation of PSM methodology. We analyse typologies or classification since they are 

complex theories that describe the causal relationships of contextual, structural, and strategic 

factors, thus offering patterns that can be used to explore the outcomes of interest (in our 

case, claims for a constitutive definition of PSM practice). We return to the necessity of this 

approach in the discussion.  

In the next section, we draw on previous attempts at a constitutive definition then from 

these we begin to develop our axioms. 

3. REVIEW AND METHOD 

The purpose of this section is to review previous attempts at finding an adequate 

codification of PSM use. There have been limited efforts. Eden and Ackerman, worried about 

the “purity” of PSM use and “misunderstandings” about the theoretical and practice 

backgrounds, argue that it is in the “similarities” between PSMs that principles can be found; 

if these principles were more widely understood then this would “increase the probability of 

more sympathetic and successful applications” (Eden & Ackermann, 2006). This has led to a 

programme of work exploring the use of scripts, building on the call by Andersen, 

Richardson, Rouwette, and Vennix for a greater sharing of knowledge and experience in 

group model building (GMB) projects (Andersen & Richardson, 1997; Andersen, Vennix, 
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Richardson, & Rouwette, 2007; Richardson & Andersen, 1995; Vennix, 1996). Although 

driven by a different motivation, the desire for identifying underlying principles to PSM use 

aligns well with our purpose and concepts were included in our analysis described in §4. 

White developed a methodology for understanding PSM use where the units of analysis were 

the narratives and networks produced during interventions (White, 2009). Whilst White’s 

proposal to use Actor Network Theory and Narrative Analysis as theoretical underpinnings to 

a coherent description of PSM methodology was very detailed in tackling difficult theory, 

and it does provide excellent explanatory power about what is happening when we use PSMs, 

it offers little towards a means of identifying non-codified PSM use when it occurs. Yet, the 

potential for Actor Network Theory to capture non-codified experience was mentioned. Thus, 

some concepts from White’s analysis were included in our analysis in §4. 

We review other searches for a canonical definition for a PSM starting with Checkland 

and Scholes’ constitutive definition for SSM (Checkland & Scholes, 1999) and from which 

our quote at the start of the paper was drawn. We follow this with a review of a more 

expansive set of constitutive definitions from (Jackson, 2000, 2003) which are positioned 

within the four Burrell and Morgan paradigms (Burrell & Morgan, 1979). We then explore 

relevant ideas from the field of Systems Engineering (Warfield, 1995; Yearworth & Edwards, 

2013). From this review we attempt to generate a more parsimonious definition and to 

explore whether there is a suitable constitutive definition for PSMs in general.  

3.1. As derived from SSM 

As stated, the problem we face as researchers is one of finding an adequate formal 

codification for the phenomenon of PSM use so that we can begin a process of observational 

data collection. This problem is the same as that posed in (Checkland & Scholes, 1999, pp. 

284-289) where they tackle the epistemological task of deciding whether a claim of SSM use 

was legitimate; i.e. dealing with situations, usually in published work, where SSM was 

incorrectly claimed to have been used and thus polluting the knowledge base of known SSM 

cases. The primary motivation from Checkland and Scholes was to make sure that SSM was, 

and is, fairly evaluated. They addressed this problem by providing a constitutive definition 

together with an epistemology, which catalogues the language of SSM and through which 

statements about its use make sense. The constitutive definition of SSM takes the form of 

five definitional statements about SSM use, which by implication must be observed for the 

claim of SSM use to be valid: 



 

 8 

1. SSM is a structured way of thinking about a “real-world situation perceived as 

problematical” with the aim to bring about improvements 

2.  Structured thinking based on systems ideas with an explicit epistemology i.e. 

what is done is expressible in the terms of this epistemology (see Table 10.1 of 

(Checkland & Scholes, 1999)) 

3.  The full claim ought to refer to only instances where 

a. No automatic assumption that the real world is systemic 

b. Careful distinction between unreflecting involvement and conscious 

systems thinking and weaving between the two 

c. Holons (e.g. PAS) are created in the systems thinking phase which 

embody the basic systems ideas 

d. Holons are used to enquire into, interrogate, the real-world in order to 

articulate dialogue, discourse, debate about change 

4. Since SSM likely to be used in different ways, interpreted differently by each 

user, then some conscious thought must have gone into how it was adopted for a 

particular situation 

5.  Use of SSM yields methodological lessons, extracted by conscious reflection 

Whilst these definitional statements are eminently suitable for SSM detection, they beg the 

question of whether they would apply to other PSMs if the explicit SSM epistemology was 

replaced by another, or if the need for an explicit epistemology could be finessed completely. 

The work of Jackson in the next section provides some insight into this. 

3.2. As derived from metamethodology 

Jackson’s work on Critical Systems Practice (CSP) is presented using the four Burrell and 

Morgan paradigms3 as an organising framework (Jackson, 2000, 2003). He provides a set of 

constitutive rules for a generic methodology under each paradigm. The purpose of these rules 

as stated by Jackson is for “guiding and identifying critical systems practice” and therefore 

not designed to provide a definition of what constitutes a specific systems methodology that 

may be employed in a problem context. CSP is in effect fulfilling the role of 

metamethodology. Given that Jackson intended CSP to “protect paradigm diversity and 

encourage critique between paradigms” the constitutive rules for CSP as metamethodology 

provide insight into creativity and choice of methodology. Jackson presents constitutive rules 

for generic systems methodologies against each paradigm (Tables 15.1 to 15.4 in (Jackson, 
                                                
3 Functionalist, interpretive, emancipatory and postmodern theoretical rationales. 
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2003, pp. 308-311)). Therefore, since Jackson would situate PSMs under the interpretive 

stance in his System of Systems Methodologies (SoSM) (Jackson, 1993b; Jackson & Keys, 

1984) presumably the rules for a generic interpretive systems methodology (Table 15.2) 

would apply. It is not a surprise, therefore, that these rules are highly reminiscent of 

Checkland and Scholes and thus add little in insight beyond further detail. They do however 

answer our question about the need for an explicit epistemology. Here Jackson finesses the 

point by an appeal to a simple claim that the methodology “uses systems ideas as the basis 

for its intervention strategy and will frequently employ methods, models, tools, and 

techniques, which also draw on systems ideas”. What these systems ideas are seems quite 

open in Jackson’s definition. 

We have chosen to present here the constitutive rules for Jackson’s CSP 

metamethodology to provide a more general set of concepts from which to work. We have 

tried to capture the essence of each rule rather than the detail: 

1. A structured way of thinking about improving a problem situation which 

understands and respects the uniqueness of each theoretical rationale and draws 

upon them 

2. Uses a variety of creativity enhancing methods and techniques to examine the 

problem situation whilst ensuring it is viewed through the perspective of each 

theoretical rationale 

3. Uses generic systems methodologies, which can be clearly related back to a 

theoretical rationale as a basis for intervention, and the specific rationale may 

change over time 

4. Claims for use of generic systems methodologies according to their particular 

theoretical rationale, to be justified according to appropriate principles and 

guidelines 

5. The generic systems methodologies called for in CSP will also employ methods, 

models, tools, and techniques which also draw on systems ideas 

6. Choices in 5 will rest on appreciation of their different strengths and weaknesses 

discovered through action research 

7. To ensure responsiveness to the complexity and heterogeneity of the problem 

situation attention to be placed on pluralism – client, theoretical, methodological, 

representational modes, and facilitation 

8. Conscious thought applied to how CSP metamethodology and generic systems 

methodologies are adapted 
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9. Each use of CSP metamethodology and generic systems methodologies should 

yield research findings as well as improving the problem situation 

The main contribution over Checkland and Scholes is the appeal to methodological pluralism, 

at multiple levels, underpinned by rigorous attachment to the theoretical rationale behind 

specific systems methodologies and in response to the complexity and heterogeneity of the 

problem situation, which we return to later. Jackson’s rigorous attachment to the theoretical 

rationales of the underlying systems-based methodologies imposes a very specific ontological 

framing according to the theories of social science and social change that constitute the two 

axes of Burrell and Morgan’s framework. This is different from the turning away from an 

ontological commitment (Zhu, 2011) and towards the epistemic shift that is explicit in 

Checkland’s work summarised in Table 3.1 and Figure 3.2 of (Checkland & Holwell, 2004, 

pp. 56-57). However, we have returned to such an ontological commitment, but this time not 

to the four Burrell and Morgan paradigms but to causal realism. Of worthwhile note is that 

sense making at this metamethodology level also requires an essential creativity in approach. 

3.3. As derived from Systems Engineering 

Following the lead of earlier work in the Engineering Department at Cambridge 

University (CUED, 2011), Yearworth and Edwards attempted to find a constitutive definition 

for SSM referring to the set of definitional statements for SSM use as an axiomatic 

formulation (Yearworth & Edwards, 2013). This was motivated by a desire to introduce 

engineering into the essential principles of SSM based on the belief that engineers would, 

pragmatically, prefer to consume this knowledge as principles or axioms rather than specific 

method. The definitional statements for the Yearworth/Edwards (ex CUED) formulation of 

SSM are as follows: 

1. Problems are constructs of an individual’s mind and therefore do not exist 

independently of human thought. These constructs are defined by an individual’s 

“world view”; therefore it is important to look at worldviews as a basis for 

understanding any individual’s statement of a problem, 

2.  The problem field is invariably messy – many potentially related problems and 

sub-problems can interact in any given system, 

3.  World views mean that different but equally valid interpretations of the real 

world can exist among individuals, 

4. As a corollary of the first axiom – solutions to problems are also intellectual 

constructs and no problem exists “in isolation”, 
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5. Improvements and beneficial interventions in any system problem are most likely 

to come through sharing of “perceptions, persuasion and debate”. 

Analysts/researchers/problem solvers should be “interactive/therapeutic, not 

expert”, and 

6.  Furthermore, analysts cannot be “divorced from the problem” and they cannot act 

as objective “outsiders” as in engineering hard-systems research. 

This formulation concentrated far more on the messiness of the problem context and 

invariableness of differing worldviews, thus characterising SSM as methodology concerned 

with both complexity and pluralism; i.e. corresponding to the middle column of Jackson’s 

SoSM (Jackson, 1993b; Jackson & Keys, 1984). In addition to the strong dose of subjectivity 

in accepting worldviews and lack of an objective standpoint from which to tackle messy 

problems perhaps the most challenging component is Statements 5, which is an exhortation 

away from expertise and towards more interactive and therapeutic approaches (see also 

(Taket & White, 2000)).  

Emerging from the systems science community, Warfield coined the term “spreadthink”, 

a neologism to label the phenomenon of groups ineffectually dealing with complex issues 

(Warfield, 1995). We have interpreted Warfield’s definition as describing the behaviour of 

groups dealing with problems to do with complexity and pluralism in the absence of a 

suitable of PSM, and therefore provides useful discrimination in our set theoretic approach. 

Despite the reversed logic, something akin to both the constitutive definitions and axiomatic 

formulation can be seen in the following definitional statements (laws in the original paper): 

1. Inherent conflict; the complexity of the context entails conflict between actors, 

2. Diverse beliefs; the complexity of the context means that there will be differing 

worldviews, 

3. Limits; actors’ rationality is bounded (Simon, 1991), 

4. Organizational linguistics, the organizational language to supply conceptual 

terminology is inadequate, 

5. Structural underconceptualization; actors apply non appropriate methodology to 

complex issues, and 

6. Requisite saliency; the problem of groups getting off the point, “spurious 

saliency” or more simply, losing the plot. 

The first two statements align well with the concept of worldviews expressed above. 

However, the remaining statements 3-6 flag possible inadequacies in the conceptual thinking 

of the participants in a structured intervention and can be used as a test – have these 
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limitations been addressed in any way? They are thus a useful addition to the preceding 

definitions. We can therefore invert the definitional statements 3-6 into the equivalent of a 

constitutive definition by merely requiring evidence that the users of the putative PSM are 

aware of these issues and have taken appropriate steps to mitigate for them.  

3.4. Synthesis 

Based on these starting points and the problem situation, the challenge we have addressed 

in our work has been to establish the foundations for these two proposals: 

1. A proposal for a suitable constitutive definition that is generic for all PSMs; 

presented as a set of testable propositions based on analysis of existing 

definitional statements, and a method of testing for their presence in a putative 

PSM intervention, and 

2. A proposal for dealing with the epistemology problem, avoiding the trap that the 

testable propositions sit within one specific epistemology (e.g. SSM) by using 

Jackson’s CSP metamethodology finesse that stipulates “uses systems ideas”. This 

also includes cross referencing to an analysis of PSM review literature, which is 

discussed further below, and incorporation of key systems concepts into the set of 

testable definitional statements. 

  Given that the wider ambition is to theorise about PSM use we also go on to address the 

following issues: 

1. Revisiting the structure/agency debate in the light of a strong commitment to 

causal realism, 

2. Understanding the role that pragmatism has played when we observe non-codified 

PSM use, 

3. Exploring the notion of expertise in PSM practice, 

In addition to the foundations built on causal realism (Little, 2011), we have grounded 

our analysis firmly in a realist evaluative approach (Pawson & Tilley, 1997), with reference 

to critical realism as described in (Mingers, 2000), and a realist approach to research methods 

(Sayer, 1992). 

4. TOWARDS A SET OF AXIOMS 

We take as a base for our approach key ideas from realist evaluation and causal 

mechanisms in the social realm (Little, 2011). Specifically, the observation that “causal 

outcomes follow from mechanisms acting in contexts” (Pawson & Tilley, 1997) and the 

assertion that “causal connections between events and conditions are real” i.e. causal realism 
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(Little, 2011). This assertion requires a credible hypothesis about the underlying causal 

mechanism that connects the events. In Little’s words: 

“A causal mechanism is (i) a particular configuration of conditions and processes 

that (ii) always or normally leads from one set of conditions to an outcome (iii) through 

the properties and powers of the events and entities in the domain of concern” (Little, 

2011). 

Causal realism serves the dual purpose here of both our ontological foundation and a guide to 

methodology.   

From this base we can state that the outcomes from PSM use are a set of purposeful 

activities !  arising from the application of a putative PSM4, which we have labelled !"# 

(the mechanism), in an appropriate context (Ormerod, 2013b) e.g. complex-plural (!"), 

based on Jackson’s SoSM classification (Jackson, 1993b; Jackson & Keys, 1984). 

Methodological choice – according to SoSM, CSP, or any other framework or 

metamethodology – is the intentional act of agents “socially situated in embodied social 

relations” and referred to as methodological localism following (Little, 2011). Thus context 

and choice go hand in hand. 

The formulation we have stated here has similarities with the basis for evaluating PSMs 

in (Midgley et al., 2013), although we have decided that questions of purpose are essentially 

existential, and we are less concerned about why a particular intervention was initiated. In 

addition, as we argue later, there is an essential relationship between outcomes and purpose 

when evaluating PSM use, however, for identifying non-codified PSM use outcomes have 

little relevance and we can concentrate on mechanisms and context. 

The concept of middle range theorising is crucial here. We can state that !"#!use is a 

middle range theory about the mechanisms that link the potential for human resources and 

reasoning in a !" context to resolve a problem situation through a set of purposeful activities 

[!] (Little, 2011; Pawson & Tilley, 1997). PSM use is a real social process, an activity that 

takes place above the level of isolated individual actions, but below the level of full theories 

of whole social systems (Merton, 1963). Again, in Little’s words: 

“general enough to apply across a wide range of institutional settings, but restricted 

enough in its claim of comprehensiveness to admit of careful empirical investigation.” 

(Little, 2011)  

                                                
4 See footnote 1 and Figure 1 for a reminder of our notation. 
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The question of whether the putative PSM is actually a PSM, i.e. whether we hold the 

belief that !"# !≡ !"# is true, becomes the problem of implementing a testing process over 

the set of propositions [!] in the observation of the use of the !"#. This happily pushes 

evaluation out to a subsequent question (i.e. did the !"# work?) as discussed in the 

introduction and thus outside the scope of this analysis. We return to the question of 

observation, and the role of primary and secondary data, in the analysis of the case studies. 

This realist formulation of the problem requires a number of concepts; the explanatory 

mechanism, stratified reality, the context, and regularities, which we discuss in the following 

sections. 

4.1. Explanatory Mechanism 

What does it mean to view a PSM as an explanatory mechanism? The PSM in use fulfils 

the role of an explanatory mechanism (a middle range theory) in that it formally links the 

problem and its context (the problem situation) to the set of purposeful activities taken to 

intervene in the problem situation. Therefore, using our approach we can state our middle 

range theory of PSM use as follows: 

We can verify PSM use when we have evidence that some or all of a specific well 

defined set of behaviours are observed whenever a facilitated group has the task of 

agreeing a set of purposeful activities in order to intervene in a situation that is deemed 

to be problematic. 

4.2. Stratified Reality 

Taking a critical realist position on the explanatory mechanism provides us with a 

stratified view of reality, which is necessary given our focus on engineering organisations 

and the relationship between the artefacts of engineering and the problem contexts. For 

example, the following process views at different layers make the point 

1. Designing a gas turbine engine to meet a certain set of requirements | Improving 

Systems Engineering practices in an engineering organisation (case study 1) 

2. Sizing a wind turbine for a given location | Achieving planning approval to locate 

a wind farm at that location  

3. Designing a vehicle shuttle wagon for the channel tunnel | Dealing with litigation 

arising from changes to the specification and delay in providing approval to 

design documents (case study 2) 

4. Sizing a data centre for a required operational load | Dealing with inadequately 

conceived procurement processes for buying ICT services 
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5. Designing a levee to withstand certain standardised storm criteria | Deciding the 

National Standardised Storm Criteria (case study 3) 

Each view at a different layer reveals the constant interplay between technical artefacts, 

which are a consequence of implementing [!], and the !"# use which gives rise to [!]. The 

case study used in §5 specifically illustrates the point (Yearworth et al., 2012). Recent work 

from Ormerod, based on the concept of the mangle of practice from the sociologist Andrew 

Pickering, seems to support this idea in that it places emphasis on the need to consider the 

interactions over time of the human, conceptual, and material components of a project 

(Ormerod, 2013a). Furthermore, Ormerod argues that authors of “technical” OR case studies 

rarely focus on writing about the “process” of OR to the detrement of our collective learning 

about practice.  The essence of our approach, as we further elaborate in this section, is that it 

is regularities in the mechanism of PSM use, the [!], that we are interested in (i.e. the process 

of OR in Ormerod’s paper), not the technical outcomes of intervention, the [!].  

4.3. Context 

The question of deciding whether the context for the !"# use was meaningful is also 

important (Sayer, 1992). As a starting point, we have used Jackson’s SoSM as a means of 

categorising context (Jackson, 1993b; Jackson & Keys, 1984). The SoSM clearly states that 

the use of PSMs is appropriate in Simple-Plural (!") and Complex-Plural (!") contexts, but 

not in Simple-Coercive (!") or Complex-Coercive (!!). Checkland also asserts that SSM is 

appropriate in ‘hard’ Systems Engineering contexts too (in the sense of Table 3.1 in 

(Checkland & Holwell, 2004, p. 56)), i.e. also applicable to Simple-Unitary (!") and 

Complex-Unitary (!"). Ormerod makes a similar suggestion in his proposal for Critical 

Rationlism in Practice (CRP) (Ormerod, 201x). Therefore, we suggest that it makes more 

sense that the testable propositions include determinism of context explicitly as part of the 

process of deciding the truth of !"# !≡ !"#. To a certain extent, the axiomatic formulation 

of (Yearworth & Edwards, 2013) already does this by definitional statements that pertain to a 

(!!) context. However, we believe that the use of the SoSM is too limiting for this to be a 

final determinant of context in the formulation of ! .!Since PSM use is a form of “organized 

finding out” it is likely that knowledge of the problem situation is not static but dynamic 

throughout the engagement (Mingers & Rosenhead, 2004), Jackson’s CSP also supports this 

view (Jackson, 2001), as does Ormerod in his description of the mangle of OR practice and 

the dynamic nature of the interplay of human, material, and conceptual components 

(Ormerod, 2013a). This also echoes the notion of boundary critique (Midgley, 2000, pp. 103-
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104,131-133; Ulrich, 2003) and its role in determining the context for evaluation in (Midgley 

et al., 2013). We have also referred to the classification schema from (Mingers, 2003) as a 

means of improving our definition of appropriate context for PSM use in [!].  

4.4. Regularities 

If we use a PSM consistently within a given context then we might expect there to be 

some regularity in the outcome. Of course the difficulty we have to deal with in social 

science is that the presenting problem and its context, the problem situation, are almost 

certainly not repeatable, which means that we get a different set of purposeful activities [!] 
every time. However, the goal of a realist explanation is to point to an explanatory 

mechanism that is responsible for generating the regularities we do observe in PSM use 

(Pawson & Tilley, 1997). In this case, that PSM use in an appropriate context leads 

consistently by a process of generative causality to a set of purposeful activities (Pawson & 

Tilley, 1997) i.e. PSM use is not just sufficient, it is the necessary middle range theory that 

links the problem situation to purposeful activities. Therefore, although it is tempting to view 

the purposeful activities [!] as the regularity we observe as a result of applying our PSM (the 

explanatory mechanism), it is in fact the observation of certain problem structuring 

behaviours, that belong to the set of testable propositions [!], that constitute the regularity. 

This means that when faced with a specific problem within a particular (!") context we 

consistently and repeatedly see some or all of [!], and we can therefore completely disregard 

[!] from any consideration. 

4.5. A generic constitutive definition 

This analysis leads us to the conclusion that to formulate a generic constitutive definition 

for PSMs the set [!] needs to have the following properties: 

1. It needs to be agnostic with respect to any specific PSM i.e. the statement 

!"# !≡ !"# is considered to be true because sufficient evidence of !  has 

been found regardless of whether the PSM is SSM, Journeymaking (SODA), 

SAST, or anything else that has the same properties of a PSM e.g. the case of 

non-codified PSM use described in (Gregory & Atkins, 2012), and subsequently 

declared as a PSM in (Gregory et al., 2013), 

2. As a corollary of 1, [!] must be divorced from any epistemology that constrains 

the !"# to be any specific, known, PSM i.e. it must allow for the pragmatic 

expansion of the set of possible PSMs, including ad hoc, one-off use, to be 

included in the data set of PSM use, 
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3. As an adjunct to 2, although the epistemology must be divorced from any 

specific PSM language it must still include concepts relating to a structured way 

of thinking based on systems ideas cf definition #2 in (Checkland & Scholes, 

1999) and the constitutive rules #3, #4 and #5 of CSP (Jackson, 2000, 2003). We 

also draw on Midgley’s theory of systemic intervention, which places boundary 

critique, and theoretical and methodological pluralism central to action to 

improve (Midgley, 2000; Ulrich, 2003). 

4. [!] must be testable and include both propositions and any extra information that 

is needed to help a researcher decide if a definitional statement !! has in fact 

been observed in !"# use. Whilst judgement is currently required on deciding 

how much of ! !needs to be observed for the relationship !"# !≡ !"# to be 

evaluated true, our set-theoretic approach enables us to use a large data set to 

refine our criteria and move away from judgment to a more objective 

assessment,  

5. To avoid a separate determination of appropriate problem context e.g. that (!") 

pertains, the set [!] must also include definitional statements that relate to 

context i.e. as they do in (Warfield, 1995; Yearworth & Edwards, 2013). 

In order to meet the 2nd and 3rd properties above we have reviewed literature about PSMs 

to elicit generic linguistic concepts that apply to all PSMs, not just specific ones, and ensured 

that systems concepts are included as well as common concepts not already included in the 

starting constitutive definitions. The analysis was conducted by a basic qualitative data 

analysis (Strauss & Corbin, 1998) using QSR NVivo v10. The document sources used in the 

analysis were review articles on PSMs starting with Rosenhead’s 1996 paper and working 

forward in time (Ackermann, 2012; Eden & Ackermann, 2006; Keys, 2006; Mingers, 2011; 

Mingers & Rosenhead, 2004, 2011; Rosenhead, 1996, 2006; White, 2009). We also included 

two articles (Midgley et al., 2013, and White, 2006) that explicitly address evaluation of 

PSMs since these also included insight into what actually constitutes a PSM. The document 

sources were loaded into NVivo and we then proceeded to analyse the data through a process 

of creating and refining codes, and looking for meaningful patterns in terms of theorising 

what might be a constitutive definition of PSMs. We began to exclude articles when we 

began to sense theoretical saturation in our analysis – we have not cited these sources. We 

conducted the process of memoing outside of NVivo by writing drafts of this paper 

concurrently with analysis. A number of top-level themes emerged from the analysis –   
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1. Characteristics, 

2. Contexts,  

3. Evaluation,  

4. Issues in use, and 

5. Theoretical basis. 

Of these themes, it is the Characteristics, Contexts, and Issues in Use which had the most 

relevance to the definition of [!]. We present the full coding tree of the concepts elicited 

from these sources in Appendix 1 (available online).  

5. THE SET OF TESTABLE PROPOSITIONS 

Based on the requirements presented at the end of §4.5 and the analysis of PSM literature 

we have presented our proposal for a generic constitutive definition of a PSM, i.e. the set [!], 
in Table 1.  
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! !!  Constitutive Definition Cross-References 
1 Improvement 

Activity 
A structured way of approaching systemic intervention has been taken, which was designed to lead 
to improvements in a problematic real-world situation through a set of purposeful activities 

#23, #35, 53, #126, 
#161, #173, #303 

2 Systemic 
Approach 

The problem structuring approach used systems ideas (including boundary, hierarchy, 
communication and control), which i) are appropriate to context, ii) theoretically adequate, and iii) 
supported by appropriate systems modelling 

#52, #54, #56, #126, 
#160, #203, #219, #376 

3 Adaptation/ 
Creativity 

Conscious thought and creativity must have gone into how the problem structuring approach was 
adapted or elements combined for the particular problem situation 

#41, #57, #106 

4 Methodological 
Lessons 

Use of the  problem structuring approach yielded methodological lessons, extracted by conscious 
reflection 

#20, #27, #41, #255, 
#358 

5 Worldviews The process of problematisation recognised that problems are construct of an individual’s mind, 
they do not exist independently of human thought. These constructs are defined by an individual’s 
“worldview”, the problem structuring approach acknowledged these and worked with them 

#29 , #119, #120, #128, 
#134, #154, #190, #224, 
#238, #365 

6 Messiness The problem context in which the problem structuring approach was used was recognised as 
messy|wicked|swampy following definitions such as contained in (Ackoff, 1979, 1981; Rittel & 
Webber, 1973; Rosenhead, 1992; Vennix, 1999) 

#22, #24, #40, #239 

7 Interactive/ 
Iterative/ 
Therapeutic 

The intervention in the problem situation has come about through sharing of “perceptions, 
persuasion and debate” in a participative group setting using an interactive and iterative approach. 
The facilitator or owner of the problem structuring approach adopted a stance that was 
“interactive/therapeutic, not expert” 

#16, #32, #37, #44, 
#115, #161 

8 Subjectivity In the approach taken it has been recognised that the stakeholders of the problem situation are not 
“divorced from the problem” and that they could not act as objective “outsiders” as in ‘hard’ 
Systems Engineering 

#15, #381, #394 

9 Limits  Approaches to problem structuring might unwittingly suffer from inter alia bounded rationality, 
inadequacy of organizational language to supply adequate conceptual terminology, application of 
non-appropriate methodology, “spurious saliency” etc. The approach used demonstrated that it dealt 
with such conceptual limitations including building expertise in the use of problem structuring  

#10, #34, #42, #48, #49, 
#73, #65, #123, #325 

Table 1. The set of testable propositions to evaluate belief in the truth of !"# !≡ !"#. The numbers in the cross-references column 

refer to the category code numbers in Appendix 1 (available online), which in turn reference the original source documents. These 

category codes are at the highest relevant level and include all sub-categories too – codes with sub-categories are shown in bold.
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The Cross-References column refers to the category code numbers from the NVivo 

coding tree produced from the analysis described in §4.5 above and as shown in Appendix 1 

(available online). These category codes are at the highest relevant level and are meant to 

include all sub-categories too. For example, category code #10 refers to the concept <as$

opposed$ to$ standard$ OR$ methods> and Appendix 1 (available online) shows the sub-

categories associated with this concept, such as <managerialism>, <mathematically$

sophisticated$ but$ contextually$ naïve> etc.  As another example, category code #73 is the 

concept <Drawbacks>, as a characteristic of PSMs, and contains 32 sub-categories, all of 

which refer to different limitations facing PSM practitioners. Not all of these sub-categories 

are conceptual limits – e.g. categories 88 and 93 refer to problem of lack of recognition of 

PSMs in the US academic community – and illustrate the need for interactivity in working 

with the NVivo data. Our set-theoretic approach requires that the decision making process 

cross-references to these categories to ensure that full consideration of the element !! has 

been seen in the putative PSM use, !"#.  Ideally Appendix 1 (available online) should also 

include the link to the original source material from which the codes were derived, as the 

coding tree does in NVivo. Whilst access to NVivo enables the authors to quickly search for 

the original text to clarify understanding of a category during the process of determining the 

veracity of !"#! ≡ !!"# other researchers will struggle to use the results in the same way. 

For this reason the NVivo project file is available from the authors on request. 

Below we explore the axioms in relation to a number of case studies. Cases can be 

understood as theoretical constructs or as empirical units, and their relationship to the 

underlying phenomena may be conceptualised in a formative or reflective way. Rather than 

attempting a formal definition of a case here, we focus on the underlying aspect of cases that 

is most relevant to the questions at hand, namely the process of delimiting the real world 

phenomena of interest within time and space. Thus, one has to be able to identify and delimit 

the case from the multitude of phenomena and aspects that will not be studied.  

The process of delimiting is necessary because it goes along with a contextual 

understanding of cases, which holds that a case combines certain characteristics or features 

that appear together within it and give the case its essential character.  Thus, cases come 

swathed in theories (Weick, 2007). Also, much of the social world comes to us in lumpy 

form, and often the boundaries of a case will be intuitively plausible and useful due to social 

convention (e.g. an organisation, a subunit, a team).  Thus, the process of delimiting is an 

essential part of the normal conduct of social science research.  
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Because the case studies approach aims to maintain the holistic nature of the case or 

cases, it is not limited to any particular form of evidence or data collection, and it can involve 

single or multiple cases, various methods of data collection and several types and levels of 

analysis (Eisenhardt, 1989). In fact, combining evidence from multiple sources, such as 

interviews, archival data, and surveys frequently leads to the most successful case studies. 

Finally, The case studies tend to be comparative in nature, if only in the way in which 

observations from a case may inform knowledge about organisations and interventions in 

them. The case-study approach is thus more dynamic in nature, and the researchers will 

constantly compare theory and data in order to achieve a fit between both (Eisenhardt, 1989; 

Ormerod, 2013a). 

6. CASE STUDY 1 – GAS TURBINE ENGINE MODIFICATION 

This case study presents the re-design of a structural element within a gas turbine engine 

as an example of a problem from an engineering organisation that sits within a (!") context 

and where the re-design is the actual set of purposeful activities that are carried out to resolve 

the problem. The case was originally presented in 2012 at the European OR conference 

(Yearworth et al., 2012). Since this case is an example of the situation we wish to research, 

the PSM use is explicitly non-codified, i.e. we are dealing with !"#, and the problem for the 

researchers is to decide the truth of !"# !≡ !"#.  

When originally presented (Yearworth et al., 2012), the case study focussed on the 

specific problem of deciding whether the !"# corresponded to SSM by attempting to 

reconstruct a root definition. The main assumption made in the analysis was that a gas turbine 

engine (the engineering artefact), together with its design, manufacture, and maintenance 

constituted the boundary of our interest, and is manifested commercially as the whole-life 

cost of the engine. It could thus be considered as a (!") context and a fruitful place to look 

for !"# data. We identified the following issues as additional sources of evidence that the 

context was indeed (!"): 

1. Highly interconnected and interdependent engineering components, 

2. Contested purpose – conflicted at multiple levels, 

3. Deep expertise – origin of worldviews, 

4. Ambiguity – lack of clarity about customer needs, and 

5. Cutting-edge engineering, ahead of the science, operating empirically and 

experientially. 

We list the actors involved in the use of the !"# in Table 2. 
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Actor Role 

Chief Project Engineer Representing the customer viewpoint 

Programme Engineer Responsible for deciding whether delivery to overall 
cost and schedule can be achieved 

Design Engineer Responsible for producing drawings for 
manufacturing 

Performance Engineers Representing appropriate aero, thermal, mechanical, 
electrical… expertise 

Manufacturing Engineer Providing input on questions about how to make any 
required components, or whether it is possible to 
make them. Also resolving issues about volume, 
supplier capabilities, and protecting IP 

Cost Engineer Able to supply estimates of manufacturing costs and 
supply chain issues 

Development Engineer Responsible for the verification process 

Project System Engineer Facilitates the process of bringing all the engineering 
competencies listed above together in a process of 
problem structuring to resolve the situation 

 

Table 2. The actors involved in the use of the putative PSM. 

 We can describe this as a system owned by Rolls-Royce that was brought into existence 

in order to reduce whole-life cost by a focussed re-design of an essential engine component 

whilst keeping within the performance constraints defined by the customer. The CATWOE 

derived from the case study was as follows: 

• Customers – Rolls-Royce 

• Actors – engineering roles identified in Table 2 

• Transformation – more profitable business by reducing whole-life cost  

• Weltanschauung – an engineering-led solution to the transformation exists 

• Owner – development function operating review gates on the re-design 

• Environmental Constraints – performance (weight, fuel burn, thrust, noise…), 

laws of physics, current engineering practice, budget, schedule  

The case study at this stage (Yearworth et al., 2012) demonstrated some evidence that the 

statement !"# !≡ !!" is true, at least for the narrow question of whether the PSM is SSM. 
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The case is now further analysed in Table 3 against the set of propositions [!] to show how 

we have applied the testing mechanism.  

! !!  Observed Analysis 

1 Improvement 
Activity 

Yes A structured approach was taken to the Front Bearing Housing 
Support Re-Design problem. Problematization was the need for 
a reduction in unit cost through a simplified manufacturing 
process given the functionality desired from the component in 
order to meet the overall whole-life cost target. 

2 Systemic 
Approach 

Yes Interdependence between sub-system elements was modelled 
using conventional systems engineering techniques (systems 
context diagram, functional viewpoint diagram). This was ‘hard’ 
systems modelling in the sense of Table 3.1 (Checkland & 
Holwell, 2004, p. 56) 

3 Adaptation/ 
Creativity 

Probably There seemed to be some amount of “reverse engineering” 
required in order to undo what had been done already reflecting 
a need to achieve “Stripping back to key elements”. 

4 Methodological 
Lessons 

Probably Within the organisation there is a constant reflection on how 
tools and techniques are working, e.g. (Parsley, York, Dunford, 
& Yearworth, 2013). A reflection was carried out at the end of 
the process. One key-learning point was the need to get around 
risk-adverse nature of design, and the problem of “read-across 
constraints” from previous designs.  

5 Worldviews Yes Based on experience of working with teams of this kind the roles 
of stakeholders present suggest that the actors’ worldviews 
would be sufficiently diverse/conflicted to be consistent with a 
!" problem situation.  

6 Messiness Yes Given that the problem originated from whole-life cost drivers  
it is reasonable to view this as a messy problem, not one that 
could be ‘solved’ through a conventional Systems Engineering 
technique e.g. it was not possible to find an optimal solution 
using MCDA and this sort of thinking was not applied. 

7 Interactive/ 
Iterative/ 
Therapeutic 

Yes There was no right or optimal answer to this problem but a 
compromise based on trade-offs was achieved through debate 
and consensus in a facilitated workshop. The PSE led the 
intervention but was not providing domain expertise or solution 
ideas. 

8 Subjectivity Probably The stakeholders listed in Table 2 do not sit outside the 
organisation. Their reputational capital within the organisation 
and rewards (company incentives) suggest that positions taken 
in the workshops would lead to subjective positions being taken. 
Had the approach failed there would have been reputation risk to 
the PSE. 

9 Limits  No The team recognised in the end that they could not control the 
interfaces to their design, and opportunity for innovation was 
constrained. Conceptual thinking was constrained by previous 
experience – the read-across constraints mentioned in 
methodological lessons.  

Table 3. The use of [!] to decide the belief in the truth of !"# !≡ !"#. The example 

case of non-codified PSM use from this engineering organisation has been determined 

as True. 
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7. CASE STUDY 2 – DESIGN CHANGES AND DELAYS ON ENGINEERING PROJECT COSTS 

The Bombardier case study has been widely cited in the literature (Ackermann, Eden, & 

Williams, 1997; Mingers & Rosenhead, 2004; Williams, Eden, Ackermann, & Tait, 1995) 

and is thus reasonably well known in the PSM community. Like case study 1 it represents 

another project where an engineered artefact was the ostensible output, in this case a 

specialized rail vehicle to transport motor vehicles through the Channel Tunnel, but the 

complex problem context led to significant delay and disruption in the design process, and 

subsequent litigation by the engineering organisation, Bombardier, against its clients. The 

substantive core of the legal claim related to cost overruns arising from design changes, 

which bears strong parallels with case study 1 in that customer/client originating design 

changes have significant impact on business profitability for engineering organisations. The 

case study describes the use of cognitive mapping and systems dynamics modelling to 

support the legal case, in effect using the models to categorise the dynamics of the situation 

in order to assess the impact of the delays on the design process. The authors of the case 

study (Ackermann et al., 1997; Williams et al., 1995) represent the modelling expertise called 

in by Bombardier to support their legal action.  

The presentation of the case is implicitly from within the PSM community, as determined 

by authors’ publication record, and to the PSM community, as suggested by target journal in 

the case of (Williams et al., 1995). There is little doubt therefore, that the combination of 

modelling techniques in the approach to problem structuring and the problem context itself 

would suggest anything other than the fact that, despite no explicit claim to PSM use in 

(Williams et al., 1995), we should be confident in asserting that !"# ≡ !"# is true. We 

therefore use this case study to reflect on the veracity of the testable propositions [!] we have 

developed. The analysis is presented in Table 4 and our discussion follows below. 

! !!  Observed Analysis 
1 Improvement Activity Yes A structured approach is clearly described in 

(Ackermann et al., 1997). The improvement 
intervention is clearly one of improving the position of 
the clients in justifying their claims for substantial 
damages in a court case. 

2 Systemic Approach Yes The use of cognitive mapping to produce influence 
diagrams and system dynamics modelling –  “model 
was developed and validated…with groups of senior 
members of the project team” (Williams et al., 1995) – 
definitely indicates a systemic approach was taken.  

3 Adaptation/ 
Creativity 

Yes The approach taken mixed different methods into a 
multimethodology, and specifically modified a standard 
PSM approach (SODA) to meet the needs of this 
specific intervention. 
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4 Methodological 
Lessons 

Yes Although not laboured in (Ackermann et al., 1997) the 
significant methodological reflections were focussed on 
the benefits of integrating ‘hard’ and ‘soft’ methods in 
the sense of (Checkland & Holwell, 2004). Further 
methodological lessons were drawn concerning the 
richness of the data available that ensued from the 
mixed-methods approach. The benefits of cycling 
between modelling approaches was also flagged. 

5 Worldviews Yes “views of corporate managers often differed from those 
of plant managers…verbal reports seemed to contradict 
much of the hard data” (Ackermann et al., 1997) 

6 Messiness Yes The problem context is undoubtedly messy, the case 
originates from litigation 

7 Interactive/ 
Iterative/ 
Therapeutic 

 Although there seemed no one coherent lead in 
facilitating interaction with stakeholders the process 
was undoubtedly interactive and iterative. Evidence of a 
cyclical approach is shown clearly in (Ackermann et al., 
1997, p. Figure 1) 

8 Subjectivity X The case was unclear on this point. 
9 Limits  Yes The choice and application of the systemic approaches 

described in the papers reflects the deep PSM expertise 
of the authors. There is no evidence to suggest that the 
team failed to deal with conceptual limitations. 

Table 4. The use of [!] to decide the truth of !"# !≡ !"# for case study 2. In our 

judgement, PSM use by the engineering organisation in this case has been determined 

to be True.  

The JORS paper (Williams et al., 1995) focuses on presenting numerical results from the 

system dynamics model and implications for the network planning of projects. The 

significant reflections in the paper say nothing about methodological lessons learned (!!), 

interactivity/therapeutic skills (!!), subjectivity (!!), or limits (!!). The implications of this 

work are focussed on network planning and not back on the methods used. The System 

Dynamics modelling was essentially positivistic and functionalist, and designed to provide 

numerical predictions that would be tested for “validity” by the appellants in the case. It was 

considered to be a “forensic model” that had to “demonstrate the same general patterns of 

behavior as the real system” (Ackermann et al., 1997). Taken by itself, the case as described 

in the JORS paper would not be viewed as a PSM in use. However, the Interfaces paper 

(Ackermann et al., 1997) describes the interaction between the System Dynamics modelling 

and the other systems modelling approaches within the overall approach adopted with the 

clients. Our conclusion based more on this source is that the definitions in [!] were sufficient 

to discriminate between a report of a fairly conventional use of System Dynamics modelling 

and the overall problem structuring approach that used the results of this modelling; the 

former was not evidence of PSM use, but the latter was. 
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8. CASE STUDY  3 – NEW ORLEANS STORM SURGE PROTECTION 

Our third case study is more speculative and is derived from an original claim by Little 

that the  

“…breaking of the Levees in new Orleans was the result of circumstances that 

included both natural and social components – the occurrence of the storm but also the 

institutional breakdown of the Army Corp of Engineering that had led to the poor 

condition of the levees in 2005” (Little, 2011).  

Whilst general knowledge of the disaster provides ample evidence that this was no doubt 

a wicked problem we still need some point of intervention located in the time leading up to 

the failure of the levees on the 29th August, and beyond into the subsequent events arising 

from the 53 breaches that occurred as the Hurricane Katrina storm surge hit New Orleans, in 

which to locate our analysis. A literature review revealed the existence of a legal case in 1976 

that led to an injunction against the Army Corp of Engineering’s hurricane protection system 

project for New Orleans (Kysar & McGarity, 2006). Speculation had arisen after the 

hurricane that this earlier environmental lawsuit had in some sense caused the destruction of 

New Orleans in 2005 – the “lawsuit that drowned New Orleans”. Whilst the conclusion from 

the analysis by Kysar and McGarity dismisses the injunction as not causally relevant to the 

disaster, they do provide a useful history of the “decision processes that eventuated in the 

New Orleans storm surge protection system” as they existed at the time of the hurricane. It is 

this sequence of decision processes presented in the history that we consider as our putative 

PSM. Further supporting data are gleaned from i) a realist, engineering perspective on the 

failure of the levees and what might have been done to improve them (Sattar, Kassem, & 

Chaudhry, 2008), ii) analysis from a sociologist who considers the unfolding disaster from 

the perspective of a number world views (war zone, tragedy, crime scene, anarchy…) (Miller, 

2012), and iii) a report from the National Hurricane Centre in the USA (Knabb, Rhome, & 

Brown, 2005). We present our analysis in Table 5 and our discussion below. 

! !!  Observed Analysis 
1 Improvement Activity No There was no specific identifiable systemic 

intervention that could be used for analysis as the data 
sources gave broad time histories of the events leading 
up to the Katrina disaster. This illustrates the need for 
access to primary data. 

2 Systemic Approach No There was no evidence in any of the sources analysed 
that a systemic approach, at any time, was used. 

3 Adaptation/ 
Creativity 

No No evidence. 

4 Methodological 
Lessons 

Yes “What often will be required… is collective judgement 
regarding the degree of moral and political 
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commitment that citizens desire to express, both to 
their fellow citizens within the present generation and 
to the generations to come, through public prevention 
and mitigation projects that may have highly uncertain 
long-term payoffs….through familiar tools of risk 
assessment and policy analysis the planning process 
seems to have inadvertently obscured the need for 
precisely that brand of judgment” (Kysar & McGarity, 
2006). There is further analysis in (ibid) pointing out 
deficiencies in the “murky blending of science and 
policy” in the revisions to the Standard Project 
Hurricane (SPH) technical model in 1979, used by the 
Army Corp of Engineers as a requirement 
specification for design of hurricane protection 
measures. However, although this reflection has taken 
place it is unclear what impact it has had in decision 
making in the on-going problem context. Have these 
process lessons been learned? 

5 Worldviews No The stakeholders involved – Congress, Army Corp 
leaders and staff, local residents and officials, 
scientific and engineering experts, government 
contractors, local and national political interests – 
represent a vast range of possible worldviews (Kysar 
& McGarity, 2006). However, there was no evidence 
that these were acknowledged or worked with in any 
meaningful way. 

6 Messiness Yes The problem context was undoubtedly wicked, which 
once Katrina struck led to “a wide swath of 
catastrophic damage and inflicted large loss of life.” 
(Knabb et al., 2005) “the systems that drive the 
incidence and severity of disaster consequences…are 
characterized by enormous complexity and 
uncertainty” (Kysar & McGarity, 2006) 

7 Interactive/ 
Iterative/ 
Therapeutic 

No The quote in row 4 above suggests there was a failure 
to do this over the years.  

8 Subjectivity No The analysis in (Kysar & McGarity, 2006) focused on 
the complexity of the modelling task to better predict 
performance of the flood defences. The techniques 
discussed are undoubtedly functionalist and realist and 
suggest a dogged objectivity – a “normative 
reification” of the SPH technical model (ibid) 

9 Limits  No The Corp of Engineers view of the problem context 
and interventions seems to have dominated leading to 
the impression of structural under-conceptualisation 
and inadequate organisational linguistics. The 
quotation in the introduction to (ibid) says “There are 
only two kinds of levees, those that have failed and 
those that will fail”. Spreadthink seems to have 
blinded the Corp of Engineers to this homily. 

Table 5. The use of [!] to assess the truth of !"# !≡ !"# for case study 3. In our 

judgement, PSM use in the decision processes that eventuated in the New Orleans storm 

surge protection system has been deemed False.  
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Our framework fails to identify the on-going processes behind the construction of the 

New Orleans levees as a PSM, i.e. we believe !"# !≡ !"#!to be false. This is not 

surprising. Our framework has been designed with an organisational setting in mind and 

around a specific point of intervention. Whilst in this case the problem context is undoubtedly 

a complex social setting and involves an engineering organisation in the on-going 

maintenance and construction of levees as the engineering artefact. Unlike the previous case 

studies the decision making process extended over a considerable period of time with no one 

intervention standing out as leading to a set of outcomes that changed the course of events; 

the 1970s lawsuit having already been dismissed as not causally relevant.  

However, our analysis here is somewhat limited and a far more in-depth investigation of 

some of the planning events that led to specific protection initiatives being undertaken, e.g. 

the “High Level” and the “Barrier” option considerations post Hurricane Betsy in 1965, 

would be required. Our experience of trying to analyse this case has revealed the difficulty of 

obtaining data about processes and behaviours, the [!], when the historical record is 

primarily concerned with the outcomes of decisions, the [!], i.e. what was actually built and 

what failed. This suggests that for our framework to be useful, researchers using it require 

access to primary data, e.g. through interviewing the stakeholders involved in decision 

making, rather than using the historical record in reports or academic texts. Although on the 

specific point of methodological lessons learned, !!, there is some clarity in (Kysar & 

McGarity, 2006) and thus primary data may not always be required to learn the lessons from 

failure. 

Although the conclusion from our, albeit limited, analysis was that we could find no 

evidence of PSM use, the lingering doubt about detection arising from inadequate access to 

data means that questions about PSM evaluation, as a consequent action to PSM detection, 

are rarely likely to be clear cut. In the case of the levee failures when Katrina struck we can 

be categorical that PSMs were never in the “dock” (Ackermann, 2012). Would a similar 

conclusion be obtained in the case of other high cost failures e.g. the UK National 

Programme for IT in the NHS procurement (House of Commons Committee of Public 

Accounts, 2013)? 

Another concern is the question of context. Despite the initial reference to the SoSM and 

use of the SP/CP contexts as relevant for PSM use, our framework relies on judgement of the 

messiness of a problem context and evidence that it is at least not unitary (SU/CU). However, 

in the case of the levee failure in New Orleans power structures undoubtedly played a role in 
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the decision making processes that took place in the years running up to the disaster. In which 

case PSMs would have been inadequate in this situation (Midgley, 1997; Ulrich, 2003; Ulrich 

& Reynolds, 2010). The recent work from Gregory et al in the use of the DPSIR framework 

points towards a PSM that is perhaps more appropriate in this context. Had PSMs been in the 

dock in this case, would evaluation subsequently have decided that they had been used 

inappropriately? We can only speculate here, but it is clearly an area for further work as 

move into analysis of larger data sets rather than the limited case studies here. 

9. SCALING THE METHOD TO LARGE DATA SETS 

The three case studies analysed provide the starting data set for the much more ambitious 

task of using the set theoretic approach we outlined in §2 to scale the method to very large 

data sets in order to improve the quality of our set [P] for use in the task of detecting non-

codified PSM use. The initial data for analysis are laid out in Table 6. 

 

[!] !! !! !! !! !! !! !! !! !! Judgement of 

!"# !≡ !"# i.e. 

outcome set [!] 

Notes 

!! 1 1 PT PT 1 1 1 PT 0 PT PT – Probably True  

!! 1 1 1 1 1 1 1 X 1 1 X – Unknown  

!! 0 0 0 1 0 1 0 0 0 0  

…            

!! 0 0 0 0 0 0 0 0 0 0 Added for completeness 

Table 6. Beginnings of the truth table to scale the method to large data sets 

(1=True|Yes, 0=False|No). Note the addition of Row N to capture the perfect rejection of 

!"# !≡ !"# and that the second case study was the perfect acceptance of the truth of 

!"# !≡ !"#. Note that the method extends to fuzzy sets by the inclusion of “don't 

know” values shown as X, and the possible fuzzification of the judgments as in case 1 

which uses PT (Probably True) 

This table illustrates the first stages in building the truth table for a large data set, which is 

required in order to scale the method we describe. Note that the addition of Row N captures 

the perfect rejection of the belief that !"# !≡ !"# and that the second case study was the 

perfect acceptance in the belief that !"# !≡ !"# was true. The method extends to fuzzy sets 

by the inclusion of “don't know” values shown as X, and the possible fuzzification of the 

variables and the judgment itself i.e. we have used “Probably True”, but a confidence 
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estimate expressed as a percentage could have been used too, or even extended to use interval 

probabilities (Hall, Blockley, & Davis, 1998). In this way the contribution of !! to the overall 

judgment process of evaluating belief that !"# !≡ !"# can be assessed. Likewise new !! ! 
can be added and existing ones rejected. Analysis of more case studies like Case 2, by 

making use of published case studies from established practitioners in the Soft OR 

community e.g. (Ormerod, 2005), do not add to our knowledge of what makes a PSM, unless 

we are considering new !! (and the case studies refereed to in (Ormerod, 2005) are yet to be 

analysed for such), it is actually the fuzzy cases that help improve our knowledge in how to 

spot non-codified PSM use. We would welcome communication with fellow researchers 

willing to contribute further rows to the data set, or indeed provide suggestions for new !! !. 

10. DISCUSSION 

The proposed constitutive definition for PSMs developed in §4,5 and the analysis in the 

case studies in §6,7,8 lead us to reflect on a number of questions about of non-codified PSM 

use. Our reflections concern i) the practical problem of a means for pre-screening an 

organisation for discovering cases of possible PSM use prior to full use of our framework, ii) 

exploring the notion of expertise in PSM practice, iii) understanding the role that pragmatism 

has played when we observe non-codified PSM use, and iv) revisiting the structure/agency 

debate in the light of our strong commitment to causal realism. 

10.1. Pre-screening 

We have concerns about the practical steps needed to deploy the framework in searching 

out examples of non-codified PSM use as candidates for future analysis. From the regularity 

view developed in §4 we make use here of an alternative conceptualisation of a PSM from 

the systems science community. We use the notion of a Problem Suppression System (PSS) 

articulated by (Ring, 1998). In this schema, the PSS constantly acts to make the problem “go 

away”, a cybernetic theory control-system view of the PSS as a means of nulling the error 

signal (the problem). The reason it is interesting here is that we have removed from 

consideration the purposeful activities [!] as a sign of regularity, but have instead asserted 

that it is the testable propositions [!] that are important. Since we can reduce these to a list of 

problem structuring behaviours by removing the systemic epistemology and problem-context 

propositions i.e. the sub-set !! =![Improvement* Activity,* Adaptation/Creativity,*
Methodological* Lessons,* Worldviews,* Interactive/Iterative/Therapeutic,* Subjectivity,*
Limits], we have a ready made set of behaviours to look for in a PSS. The point is that we 
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can view the PSS as co-aligned with the notion of an organisational unit, such as the re-

design team in the case study #1, which exhibits PSM use behaviours. This suggests that we 

can first go and look for evidence of PSSs in an organisation by conducting surveys looking 

for the behaviours [!!]. Having identified PSSs we can then conduct detailed analysis over 

[!] to make a determination of the truth of !"# !≡ !"# for each example we find. 

10.2. Expertise 

The second question arising from our analysis also sheds light on a debate in engineering 

organisations relating to the role of the Systems Engineer (the PSE in case study #1). We 

have concluded that we have observed the use of a non-codified PSM in this case study based 

on the propositions !  we have developed i.e. our judgement is that the statement 

!"# !≡ !"# is true. Based on this determination do we conclude that since the individual 

PSE was not using a recognised PSM did the PSE have some sort of natural gift for problem 

structuring? Is the Systems Engineer an exemplar of what some people would call a systems 

thinker? We leave this question open since there is little evidence in the literature for any 

formal or agreed definition of the term and therefore how to identify it; see for example 

(Buckle-Henning, Wilmshurst, & Yearworth, 2012; Cabrera, Colosi, & Lobdell, 2008; 

Henning & Chen, 2012; Sterman, 2002). 

On the other hand, is there something about the availability of tools, processes, or culture 

within the organisation that led the Systems Engineer towards adopting a problem structuring 

approach that is recognisably a PSM? In this case, this was probably true – see for example 

(Parsley et al., 2013). The question is vexing because this cuts to the heart of a strategic 

question in engineering organisations; do we devote effort to finding candidate System 

Engineers with the right mental attributes for the job, some sort of problem structuring 

preference or thinking style, or do we put effort into training candidate System Engineers in 

the use of PSMs? Alternatively, and more bluntly, do we recommend that engineering 

organisations engage in profiling, especially in recruitment? Of course, this dichotomises the 

possible answer and in reality it is likely to be a mixture of both i.e. train those with a 

demonstrated tendency (or preference) towards problem structuring behaviours; although this 

still begs the question of how to identify them. Keys offers some clarity here; he argues that 

achieving expertise in PSM use is a learning activity based on a “complex process of 

knowledge acquisition” in progressing from novice status through many client engagements 

(Keys, 2006); there is no mention of any shortcut to expertise through possessing innate 

thinking styles. Ormerod has developed a competency model of PSM use underpinned by the 
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resource based view and consisting of three broad competencies – conducting analysis, 

designing and managing process, and appreciating context (Ormerod, 2013b). His analysis on 

how soft OR skills are developed is relevant to our discussion. His personal view is that 

practioners emerging from mathematics departments favour the analytical, and that 

management schools encourage understanding of the context. Presumably, engineers would 

also tend align with the analytical. However, it seems from Ormerod’s experience that the 

central core competence, manging process, can only be developed through practice; there is 

no innate competence, instead there are craft skills that have to be developed. Finally, we 

would certainly agree with the number of authors who point out that an appropriate learning 

environment is required for progress to be made from novice to expert in PSM use 

(Ackermann, 2011; Eden & Ackermann, 2006; Keys, 2006; Mingers, 2011).  

10.3. Pragmatism 

The question of training leads us to further reflections. Do we recommend that 

engineering organisations train their System Engineers in established PSMs such as SSM, or 

do we recognise that the proposition !! (Adaptation/Creativity) is in fact something that is 

likely to be strongly prevalent amongst engineers and needs to be encouraged? The latter is 

suggested in (Yearworth, Edwards, Davis, Burger, & Terry, 2013) where this quality of 

adaptation is reflected in an ad hoc PSM approach coupled with an essential engineering 

pragmatism. This mirrors Ormerod’s argument for pragmatism being “attractive” to OR 

practitioners (Ormerod, 2006) and Key’s observation that adaptation is an essential quality of 

moving from novice to expert use (Keys, 2006). However, if there is an abundance of 

pragmatic ad hoc use then the size of the problem for PSM researchers in deciding the truth 

of !"# = !"# is likely to get worse. However, the point of this paper is to suggest a way 

forward here.  

10.4. Causal realism and the structure/agency debate 

Causal mechanisms are fundamental and permit us to hold that the task of research is to 

arrive at (empirically) justified theories and hypotheses about those causal mechanisms. The 

general nature of the mechanisms that underlie social causation has been the subject of 

debate. Several broad themes may be identified: agency versus structural theories. Lane 

attempted to link causality and agency structure issues within a System Dynamics frame 

(Lane, 1999, 2001a, 2001b). Further understanding we think could be achieved through 

adopting causal mechanisms, i.e., the causal processes and causal interactions, that provide 
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the mechanisms by which the world works; to understand why certain things happen, we 

need to see how they are produced by these mechanisms. 

10.5. Extension of our work 

Further analysis can be conducted for a number of case studies. In particular we may find 

that despite the number of possible permutations of the configurations in the analysis, a 

relatively small number of combinations may account for a relatively large share of all 

interventions studied. This phenomenon, which is known as limited diversity (e.g. (Ragin, 

1987)), presents an important issue. With more cases the situation of limited diversity can be 

explored by means of the truth table shown in §9 – an analytical tool for listing all possible 

combinations of causal conditions. The truth table lists all the characteristics and if possible 

one outcome. It would then be possible to identify the conceivable configurations of the 

intervention characteristics that show empirical instances.  

11. CONCLUSIONS 

We have developed a set of testable propositions to address the problem of non-codified 

PSM use in engineering organisations. This has been motivated by the need to be able to 

detect PSM use when it has not been described as such so that we enlarge the data set 

available to us for PSM evaluation and also for PSM development. We have also been 

motivated by the desire to reinterpret PSM methodology into a set of principles or axioms, 

which would be valuable in motivating the engineering community to more widely use PSMs 

and/or formalise existing use of non-codified PSMs in order to fully engage in the necessary 

activity of methodological improvement.  

The process of developing the set of testable propositions led us from an analysis of 

existing attempts at constitutive definitions for PSMs through a review of the PSM literature. 

The analysis of three cases studies using our framework led us to a number of reflections 

about the need for pre-screening to speed up the processes of finding possible PSM use, the 

nature of expertise in PSM use and the essential pragmatism that must lie behind the 

important property of adaptation. Underpinning our framework has been an appeal to causal 

realism as both an ontological basis for our work and a guide to methodology. This is in 

contrast to the ontological basis on theories of social order and change from Burrell and 

Morgan, or of the attempt to sidestep these by Checkland in his proposal for an epistemic 

shift. 

We believe that the results from the work presented here can be viewed as an approach to 

demystifying PSMs by our proposal for a generic constitutive definition. Having arrived at 
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this definition we have provided a method for evaluating claims of PSM use, i.e. a method of 

PSM detection, as a set of testable propositions about practice. This method of PSM detection 

avoids the difficulties arising from the irregularities associated with the existential question 

of purpose and specific outcomes of PSM use – these are more properly the concern of PSM 

evaluation. We have shown how these testable propositions can be used to assess cases of 

non-codified PSM use in the presentation of the three case studies. The future prospect for 

our method is that it enables analysis over large numbers of cases of PSM use and this is 

where our programme of work takes us next. 

We recognise that colleagues in the field of PSM research are likely to contest the 

elements of [!] but we welcome the debate and an opportunity to improve [!] in order to 

effectively contribute to methodology development. We have started with the thesis that non-

codified PSM use is prevalent in engineering organisations because this reflects the selection 

bias of the authors in the organisations in which they happen to be working. We would expect 

this thesis to also hold in any other organisation dealing with problem contexts that are 

roughly !" . One thing is sure; bringing to the attention of the PSM community more data 

from non-codified PSM use can only be good. 
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195) Monitor)progress)of)the)strategy)and)gain)organizational)learning) )) )) )) )) )) )) 1) )) )) )) ))
196) related)areas) 1) )) )) )) )) )) )) )) )) )) ))

197)
Surface)the)emergent)strategy)of)the)organization)in)terms)of)

strategic)issues,)aspirations)and)taken]for]granted)beliefs) )) )) )) )) )) )) 1) )) )) )) ))

198)
This)strategic)map)provides)the)framework)for)facilitated)

discussion)in)a)stakeholder)workshop) )) )) )) )) )) 1) )) )) )) )) ))

199)
Undertake)intensive)group)discussions)and)negotiations)to)

develop)agreements)for)action) )) )) )) )) )) )) 1) )) )) )) ))
200) uses)cognitive)mapping)as)a)modelling)device) )) )) )) )) )) 1) )) )) )) )) ))
201) widening)the)number)of)alternatives)generated) 1) )) )) )) )) )) )) )) )) )) ))
202) works)towards)consensus)as)much)as)is)possible) 1) )) )) )) )) )) )) )) )) )) ))
203) SSM) 3) 2) )) 1) 6) 2) 3) 2) )) 1) 1)
204) a)continual)process)of)learning)about)the)system)that)is)of)benefit) 1) )) )) )) )) )) )) )) )) )) ))

205)

adopts)a)systems]theoretic)framework)to)problem)situations)for)
which)there)are)different)perceptions)based)on)contrasting)world)views)
held)by)stakeholders) )) )) )) )) )) 1) )) )) )) )) ))

206) aims)to)generate)debate)about)alternative)system)modifications) )) )) )) )) )) 1) )) )) )) )) ))

207)

an)action]oriented)process)of)inquiry)into)problematic)situations)
in)which)users)learn)their)way)from)finding)out)about)the)situation,)to)
taking)action)to)support)it’’) 1) )) )) )) )) )) )) )) )) )) ))

208)
approach)uses)the)notion)of)a)‘system’)as)an)interrogative)device)

that)will)enable)debate)amongst)concerned)parties’’) 1) )) )) )) )) )) )) )) )) )) ))
209) Develop)systemic)models)of)purposeful)activity) )) )) )) )) )) )) 1) )) )) )) ))
210) Discover)as)much)as)possible)about)the)problem)situation) )) )) )) )) )) )) 1) )) )) )) ))

211)
Exploration)of)these)world)views)leads)to)the)generation)of)

definitions)of)alternative)systems) )) )) )) )) )) 1) )) )) )) )) ))

212)
Gain)agreement)on)changes)to)the)situation,)which)the)different)

perspectives)or)worldviews)could)accommodate.) )) )) )) )) )) )) 1) )) )) )) ))

213)
generates)a)range)of)contrasting)alternatives)for)the)modification)

of)the)system)that)is)used)to)generate)constructive)debate) )) )) )) )) )) 1) )) )) )) )) ))
214) groups)need)to)move)towards)accommodation) 1) )) )) )) )) )) )) )) )) )) ))

215)
the)analysis)of)complex)situations)where)there)are)divergent)

views)about)the)definition)of)the)system’’) 1) )) )) )) )) )) )) )) )) )) ))

216)

Use)the)models)as)a)way)of)questioning)and)exploring)the)
situation)to)structure)a)debate)between)involved)parties)about)~~desirable)
and)feasible)changes.) )) )) )) )) )) )) 1) )) )) )) ))

217) Standard)PSM)techniques) )) )) )) )) 1) )) )) )) )) )) ))
218) Viable)System)Diagnosis) )) )) )) 1) )) )) )) )) )) )) ))
219) Use#of#diagrammatic#form#of#knowledge#(aka#models)# )) )) )) )) )) )) )) 1) )) )) ))
220) Boundary)object) 1) )) )) 1) )) )) )) )) )) )) 1)
221) Can)be)used)as)structure)for)guiding)more)numerical)modelling) )) 1) )) )) )) )) )) )) )) )) 1)
222) Cognitive)accessibility)by)participants) 2) )) )) )) 1) 1) 1) )) )) 1) ))

223)
decoupling)allows)for)participants)to)change)their)mind)without)

penalty) 1) )) )) )) )) )) )) )) )) )) ))
224) Enables)sharing)of)perspectives) 3) 1) )) 1) )) 1) )) )) )) 1) 1)
225) enables)the)separation)of)an)idea)from)the)proponent) 1) )) )) )) )) )) )) )) )) )) ))
226) Explicit)modelling)of)cause]effect)relationships) 1) )) )) )) )) )) )) 1) )) )) 1)
227) Knowledge)acquisition) 1) )) )) )) 2) )) )) 2) )) )) ))
228) Making)constructive)improvements)through)facilitation) 1) )) )) )) )) )) )) )) )) 1) ))
229) Model)as)knowledge)repository) 1) 2) )) )) 3) )) )) 2) )) )) ))
230) More)important)in)the)process)than)in)the)final)report) )) 1) )) )) )) 1) )) )) )) )) ))
231) Purposeful)organization)of)knowledge) )) )) )) )) 4) )) )) 1) )) )) ))
232) Qualitative)models) )) )) )) 1) )) )) )) )) )) )) ))
233) Representation)of)relationships) 3) )) )) )) )) )) )) 1) )) )) ))
234) Representing)alternative)scenarios) )) )) )) )) )) )) )) )) )) 1) ))
235) Representing)complexity)graphically) 1) )) )) )) )) )) )) 1) )) )) ))
236) Software)support)for)modelling) )) )) )) 1) 1) )) )) 1) )) )) ))
237) Symbolic)manipulation,)amenable)to)analysis) )) 2) )) )) )) )) )) 1) )) )) ))

238)

the)model)plays)a)key)role)in)driving)the)process)of)negotiation)
towards)agreement)through)discussion)and)the)development)of)a)common)
understanding’) )) )) )) 1) )) )) )) )) )) )) ))

239)
Contexts*for*using*PSMs*4*the*nature*of*swamps,*messes,*

wicked*problems* 3) )) )) )) 1) 2) 4) 4) 5) 1) 1)

240)
Cannot#be#resolved#using#less#resource#intensive#

approach# )) )) )) )) )) )) )) )) 2) )) ))
241) Characteristics#of#unstructured#problems# )) )) )) )) 2) )) )) )) )) )) ))
242) Context#is#not#traditional#OR# )) )) )) )) )) )) )) 1) )) )) ))
243) Formal#descriptions#of#context# )) )) )) )) 2) )) )) )) )) )) ))



 

244) Ill#structured#problems# )) )) )) )) 1) )) )) )) )) )) ))
245) Issue#is#of#significance# )) )) )) )) )) )) )) )) 2) )) ))
246) Lack#of#consensual#formulation#of#the#problem# 1) )) )) )) 1) )) )) )) )) )) ))
247) No#single#rationality# )) )) )) )) )) )) )) 2) )) )) ))
248) No#typical#applications# )) )) )) )) )) )) )) 1) )) )) ))
249) Non#static#nature#of#problem#situation# 1) )) )) )) 1) )) )) )) )) )) 1)
250) Organised#finding#out# )) )) )) )) 1) )) )) )) )) )) ))
251) Perplexing#uncertainties# 1) )) )) )) )) )) )) )) 2) )) ))
252) Significant#intangibles# 1) )) )) )) )) )) )) )) 2) )) ))
253) Social#decision#making# )) )) )) )) )) )) )) )) 1) )) ))
254) Swamp# )) )) )) )) )) 1) )) )) )) )) ))
255) Evaluation*of*PSMs* )) )) )) )) 1) )) )) )) )) 1) ))
256) How#to#conduct#evaluation# 1) )) )) 1) )) )) )) )) )) 1) ))

257)
consideration)be)given)to)developing)effective)ways)for)evaluating)

PSMs)but)done)so)appropriately) 1) )) )) )) )) )) )) )) )) )) ))
258) Desirability) )) )) )) )) )) )) )) )) )) 2) ))
259) Feasibility) )) )) )) )) )) )) )) )) )) 2) ))
260) Formal) )) )) )) )) )) )) )) )) )) 1) ))
261) author]gene)rated)(resulting)from)personal)experience)) )) )) )) 1) )) )) )) )) )) )) ))
262) Being)conclusive) )) )) )) )) )) )) )) )) )) 1) ))

263)
claiming)universality)for)knowledge)about)systemic)PSMs)would)

suggest)that)this)knowledge)will)remain)stable)over)time) )) )) )) 1) )) )) )) )) )) )) ))
264) Experimental)approaches) )) )) )) 2) )) )) )) )) )) 3) ))
265) Experimental]type)measurement)interferes)with)the)PSM) )) )) )) )) )) )) )) )) )) 1) ))
266) Impossibility)of)experiments) 1) )) )) )) )) )) )) )) )) )) ))

267)
impracticality)of)finding)two)situations)that)are)sufficiently)

alike)to)make)a)comparative)study)robust.) )) )) )) 1) )) )) )) )) )) )) ))
268) Quasi]experiment) )) )) )) 4) )) )) )) )) )) 3) ))
269) expert]based)(drawing)on)the)views)of)an)advisory)panel)) )) )) )) 1) )) )) )) )) )) )) ))

270)

For)both)epistemological)and)methodological)reasons,)we)do)not)
accept)that)it)is)possible)to)generate)universally)applicable)knowledge)
about)methods) )) )) )) 1) )) )) )) )) )) )) ))

271) Generalizable) )) )) )) 1) )) )) )) )) )) 4) ))

272)
knowledge)(or)understanding))is)always)linked)to)the)purposes)

and)values)of)those)producing)or)using)it) )) )) )) 1) )) )) )) )) )) )) ))
273) literature])based)(deriving)from)a)review)of)other)authors’)work)) )) )) )) 1) )) )) )) )) )) )) ))

274)
local)evaluations)comparing)between)a)subgroup)of)methods)or)

intervention)types) )) )) )) 4) )) )) )) )) )) )) ))
275) practice])based)(deriving)from)explicit)reflections)on)case)studies)) )) )) )) 1) )) )) )) )) )) )) ))
276) Realistic)Evaluation) )) )) )) 2) )) )) )) )) )) )) ))
277) Context) )) )) )) 6) )) )) )) )) )) )) ))

278)
Generic)questions)for)adaptation)and)use)in)reflective)

workshops)bringing)together)researchers)and)stakeholders) )) )) )) 1) )) )) )) )) )) )) ))
279) Method) )) )) )) 4) )) )) )) )) )) )) ))

280)

no)pretence)that)it)is)possible)to)evaluate)a)method)
independently)from)the)purposes)it)is)put)to,)its)outcomes)and)the)context)
in)which)it)is)applied) )) )) )) 1) )) )) )) )) )) )) ))

281) outcomes.) )) )) )) 3) )) )) )) )) )) )) ))

282)
perceived)‘fit’)between)purpose)and)method)that)is)important)

to)evaluate) )) )) )) 1) )) )) )) )) )) )) ))
283) Purposes) )) )) )) 5) )) )) )) )) )) )) ))

284)
relationships)between)the)method,)purposes,)outcome)s)and)

context) )) )) )) 1) )) )) )) )) )) )) ))
285) Repeatable) )) )) )) )) )) )) )) )) )) 1) ))
286) researcher)reflections)alone)can)be)problematic) )) )) )) 1) )) )) )) )) )) )) ))

287)

seeking)knowledge)about)the)supposedly)generic)strengths)and)
weaknesses)of)methods)ignores)legitimate)questions)that)can)be)asked)
about)the)effectiveness)of)those)methods)in)particular)local)circumstances)) )) )) )) 1) )) )) )) )) )) )) ))

288) specific,)this)means)focusing)on)only)one)method)or)intervention.) )) )) )) 3) )) )) )) )) )) )) ))

289)

survey]based)(finding)out)from)potential)participants,)either)
through)interview)s)or)a)mail)survey,)what)their)most)widely)held)
expectations)are)) )) )) )) 1) )) )) )) )) )) )) ))

290) Theoretical)validity) )) )) )) )) )) )) )) )) )) 1) ))
291) Theory)based) )) )) )) 1) )) )) )) )) )) 6) ))

292)
‘emergent’)methodologies,)ones)where)criteria)for)evaluation)

emerge)through)engagement)with)stakeholders) )) )) )) 1) )) )) )) )) )) )) ))
293) Mid]range)theories) )) )) )) )) )) )) )) )) )) 1) ))

294)

triangulation)across)two)or)more)evaluation)methods,)such)as)
interviews,)focus)groups,)participant)observations,)surveys,)literature)
reviews)and)document)analyses) )) )) )) 1) )) )) )) )) )) )) ))

295)
unethical)to)use)a)control)when)dealing)with)real)community)

issues) )) )) )) 1) )) )) )) )) )) )) ))

296)
universal)evaluations,)ones)claiming)to)produce)knowledge)that)

is)applicable)across)all)types)of)participative)method)and)intervention) )) )) )) 2) )) )) )) )) )) )) ))

297)

is)it)possible)to)develop)a)single)evaluation)approach)that)can)
support)both)locally)meaningful)evaluations)and)longer]term)comparisons)
between)methods) )) )) )) 1) )) )) )) )) )) )) ))

298)
key)question)is)what)kind)of)evaluation)is)both)necessary)and)

possible~) )) )) )) 1) )) )) )) )) )) )) ))
299) Lack)of)consensus) )) )) )) )) )) )) )) )) )) 2) ))



 

300)
post])intervention)debriefings)or)interviews)with)project)

participants) )) )) )) 2) )) )) )) )) )) )) ))
301) Questionnaires,)pre])post])interviews) )) )) )) 10) )) )) )) )) )) 2) ))

302)
very)few)attempts)at)evaluating)across)methods)and)across)

interventions)undertaken)by)different)people) )) )) )) 2) )) )) )) )) )) )) ))
303) Measuring#Success# )) )) 1) )) 4) )) )) )) )) )) ))

304)

based)on)explicit)criteria)reflecting)the)researcher’s)experience,)a)
given)theory,)a)literature)review)andor)stakeholder)expectations)generated)
through)a)consultative)exercise) )) )) )) 1) )) )) )) )) )) )) ))

305) Clear)success)criteria) )) )) )) )) )) )) )) )) )) 1) ))
306) Coding)and)analysing)data) )) )) )) 1) )) )) )) )) )) 1) ))
307) Collecting)data) )) )) )) 1) )) )) )) )) )) 1) ))
308) Confounding)effects) 1) )) )) )) )) )) )) )) )) )) ))
309) Efficacy)can)be)established)through)accumulation)of)evidence) )) )) )) 1) )) )) )) )) )) )) ))
310) It)is)necessary)to)distinguish)outcome)criteria)from)process)criteria) )) )) )) 1) )) )) )) )) )) )) ))
311) Limited)scope) )) )) )) )) )) )) )) )) 1) )) ))
312) Longitudinal)studies) )) )) )) 3) )) )) )) )) )) )) ))
313) Not)possible)to)measure)meaningfully) )) )) )) )) )) )) )) )) )) 1) ))

314)
quantitatively)compared)broad)classes)of)methods)using)a)standard)

set)of)variables) )) )) )) 3) )) )) )) )) )) )) ))
315) Real)world)lived)experience) )) )) )) 2) )) )) )) )) )) 1) ))

316)
use)of)standard)criteria)for)com])paring)methods)is)therefore)made)

problematic)by)the)need)to)consider)what)is)unique)in)each)intervention) )) )) )) 1) )) )) )) )) )) )) ))
317) Weak)evidence) )) )) )) )) )) )) )) )) )) 1) ))
318) Purpose#of#evaluation# )) )) )) )) )) )) )) )) )) 1) ))
319) Evaluating)effectiveness) 1) )) 1) 1) 4) )) 2) )) )) )) 2)
320) Is)it)better)than)doing)nothing) )) )) )) )) )) )) )) )) )) 1) ))
321) Is)one)method)better)than)another) )) )) )) 1) )) )) )) )) )) 1) ))
322) Leading)to)improvement)in)PSMs) )) )) )) )) )) )) )) )) )) 1) ))
323) Leading)to)increased)uptake)in)PSM)use) )) )) )) )) )) )) )) )) )) )) 1)
324) Providing)explanation)about)an)intervention) )) )) )) )) )) )) )) )) )) 1) ))
325) Issues*confronting*practitioners*using*PSMs* )) )) )) )) 1) )) )) )) )) )) ))
326) Anxieties# )) )) )) )) 1) )) )) )) )) )) ))
327) Attention#to#detail#in#workshops# )) )) )) )) 1) )) )) )) )) )) ))
328) balance#has#to#be#struck#between#rigour#and#relevance# )) )) )) 1) )) )) )) )) )) )) ))
329) Becoming#an#expert#in#PSM#use# )) )) 1) )) )) )) )) )) 1) )) ))
330) Experience)leading)to)effective)use,)or)perceived)as)successful) )) 1) 1) 1) )) )) )) )) )) )) ))
331) Gaining)insights)for)practical)learning) )) )) 1) )) )) )) )) )) )) )) ))
332) Infrastructure)to)support)learning) )) 1) 1) )) )) 2) )) )) )) )) ))
333) Age)profile)of)key)originators) )) )) )) )) )) )) )) )) 1) )) ))

334)

In)an)academic)climate)characterized)by)competitive)evaluation)
of)research)output,)faculty)posts)are)vulnerable)to)the)higher)publication)
rate)possible)in)traditional)OR,) )) )) )) )) )) )) )) )) 1) )) ))

335) Training)in)PSMs) 1) 1) 1) )) )) )) 1) )) )) )) ))
336) Achieving)expert)status) )) )) 2) )) )) )) )) )) )) )) ))

337)

discover)how)the)conditions)for)student)learning)can)be)
discovered,)given)the)particular)and)potentially)elusive)nature)of)the)
subject)matter.) )) )) )) )) )) 1) )) )) )) )) ))

338) experiential)learning)is)the)basis)of)the)teaching)approach) )) )) )) )) )) 1) )) )) )) )) ))
339) extra)work)having)to)teach)facilitation)as)well)as)the)methods) 1) )) )) )) )) )) )) )) )) )) ))

340)
giving)students’)confidence)in)not)having)to)have)the)‘right’)

answer) 1) )) )) )) )) 1) )) )) )) )) ))

341)
helping)students)appreciate)the)implications)of)the)socio]political)

world)on)the)implementation)of)any)recommendation) 1) )) )) )) )) )) )) )) )) )) ))
342) helping)students)manage)complexity,)uncertainty,)and)holism) 1) )) )) )) )) )) )) )) )) )) ))
343) involvement)in)“real”)learning)situations) )) )) )) )) )) 2) )) )) )) )) ))
344) meaningful)learning) )) )) )) )) )) 1) )) )) )) )) ))
345) Moving)from)novice)to)expert) )) )) 1) )) )) 1) )) )) )) )) ))
346) Developing)a)personal)modelling)style) )) )) 2) )) )) )) )) )) )) )) ))
347) Engaging)in)a)complex)process)of)knowledge)acquisition) )) )) 1) )) )) )) )) )) )) )) ))
348) Learning)to)be)adaptable,)combining)methods,)variations) )) )) 2) )) )) )) )) )) )) )) ))
349) Working)at)the)margins,)encountering)difficulties) )) )) 1) )) )) )) )) )) )) )) ))
350) What)does)it)mean)to)be)expert) )) )) 1) )) )) )) )) )) )) )) ))
351) Modelling)expert)behaviours) )) )) 1) )) )) )) )) )) )) )) ))
352) Knowledge)as)the)basis)for)expertise) )) )) 1) )) )) )) )) )) )) )) ))
353) Relationship)between)knowledge)and)expertise) )) )) 1) )) )) )) )) )) )) )) ))
354) Theoretical)view)based)on)ANT) )) )) )) )) )) )) )) )) ))

)
))

355)
Types)of)knowledge,)forms)of)embodiment,)actor)networks,)

and)expertise) )) )) 1) )) )) )) )) )) )) )) ))
356) Buy@in#from#stakeholders# )) 1) )) 1) 1) )) )) )) )) )) ))
357) Client#system# )) )) 1) )) 1) )) )) )) 1) )) ))
358) Improving#PSMs# )) )) 1) )) )) )) )) )) )) )) ))

359)
Methodology)development)requires)codification)and)

documentation) )) )) 1) )) )) )) )) )) )) )) ))
360) Reflecting)on)PSM)use) )) )) 1) )) )) )) )) )) )) )) ))
361) Strengths) )) )) 1) )) )) )) )) )) )) )) ))
362) Weaknesses) )) )) 1) )) )) )) )) )) )) )) ))
363) Managing#relationships#with#clients# )) )) 1) )) 2) )) )) )) )) )) ))



 

364) Negotiating#entry# )) )) )) )) 1) )) )) )) )) )) ))
365) Power,#dealing#with#issues#arising#from#(and#politics#too)# 2) 3) )) )) )) )) )) )) )) 2) ))
366) Institutional)analysis) )) )) )) 1) )) )) )) )) )) )) ))
367) Restrictions#from#logistics# )) )) )) )) 1) )) )) )) )) )) ))
368) Robustness#of#outputs# 2) )) )) )) )) )) )) )) )) )) ))
369) Selection#of#appropriate#method# )) )) 1) 1) 3) )) )) 1) )) )) ))
370) Is)this)tacit)or)can)it)be)made)explicit) )) )) 1) )) )) )) )) )) )) )) ))
371) Selection#of#workshop#members# )) )) )) )) 1) )) )) )) )) 2) ))

372)

the#importance#of#publications#in#the#top#journals#is#
clear#for#without#this#its#status#and#validity#will#remain#
questionable# )) )) )) )) )) )) 1) )) )) )) ))

373) Transferring#outputs#to#non#participants# )) )) )) )) 1) )) )) )) 1) 1) ))
374) Trust# )) )) )) 1) 1) )) )) )) )) 2) ))
375) Unpredictability#of#outputs# 1) )) )) )) )) )) )) )) 1) )) ))

376)
Theoretical*basis*of*PSMs*and*their*analysis*and*

evaluation* 1) )) 1) )) 2) )) )) )) )) )) ))
377) Actant#Analysis# )) )) )) )) )) )) )) )) )) )) 2)
378) Actor#Network#Theory# )) )) )) )) )) )) )) )) )) )) 5)
379) Boundary#critique# )) )) )) 3) )) )) )) )) )) )) ))
380) Emancipatory#and#critical#approaches# )) )) )) )) )) )) )) )) )) )) 1)
381) Interpretivist#view# )) 1) )) 2) 2) )) )) )) )) 7) ))
382) Narrative#Theory# )) )) )) )) )) )) )) )) )) )) 9)
383) Narrative) )) )) )) )) )) )) )) )) )) )) 2)
384) Objectivity# )) )) )) 2) )) )) 1) )) )) )) 1)
385) Positivist#view# )) )) )) )) 1) )) )) )) )) 4) 2)
386) Postmodernism# )) )) )) )) )) )) )) )) 1) )) ))
387) Pragmatism# )) )) )) 2) 1) )) )) )) )) 3) ))
388) Qualitative# )) )) )) 2) )) )) )) )) )) )) ))
389) Quantitative# )) )) )) 4) )) )) )) )) )) )) ))
390) Realist# )) )) )) )) )) )) )) )) )) 3) ))
391) Social#constructivism# )) 1) )) )) )) )) )) )) )) 1) 2)
392) Sociology#of#Scientific#Knowledge# )) )) )) )) )) )) )) )) )) )) 2)
393) Soft#Hard#characterisation# )) )) )) )) )) 1) 1) )) )) )) ))
394) Subjectivity# 2) )) )) 2) )) )) )) )) 2) )) ))
395) Technological#determinism# )) )) )) )) )) )) )) )) )) )) 2)
396) Theories@in@use#in#terms#of#PSM#interventions# )) )) )) )) )) )) )) )) )) 1) ))

 

Note that the numbers in the cells refer to the number of times the category is coded in 

each source document. 

 


