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ABSTRACT 

Anthony A. Casey: An Algorithmic Theory of the Policy Process 

(Under the supervision of Professor Niamh Hardiman) 

 

With a few exceptions, current theories of the policy process do not model or measure 

the policy process using the graphical process notations that are common within information 

science, business administration and many natural sciences. The reason is that in the post-war 

period the needs of business process analysis came to dominate social science applications of 

process science whilst the needs of public policy process analysis remained largely 

unaddressed. As a result, modern graphical process notations can encode and quantify the 

instrumental properties of cost and efficiency of a business process, but not the normative 

properties of transparency, accountability or legitimacy of the much more complex policy 

making process.  

There have been many other unfortunate consequences. Business process modelling 

evolved into business process reengineering and became a critical enabler of a period of 

unprecedented hyper-globalization commencing in the 1990’s. However, it did so by encoding 

and quantifying the instrumental dimensions of cost and efficiency of globalized production 

processes and not their normative dimensions of domestic employment and social welfare 

transfers. We live with the consequences to this day of the emergence of destabilizing populist 

national movements and rising security and defense tensions between former trading partners. 

However, in recent years, there have been several important new developments. Firstly, 

a new class of process modelling tools has emerged at the juncture of the disciplines of 

information science and business administration that can model much more complex 

governance and policy-making processes as rules based declarative process graphs instead of 

sequence based imperative process graphs. Secondly, information science is now introducing 

a capacity for normative reasoning and moral dilemma resolution into a range of technologies 
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from multi-agent systems and artificial societies to self-driving vehicles and autonomous battle 

drones. This creates new opportunities for a collaboration between policy process analysis and 

information science to reengineer legacy policy making processes and organizations in terms 

of normatively driven declarative processes.  

Not only must these reengineered policy making processes score better against 

instrumental criteria of cost and efficiency but also against the normative criteria of 

transparency, accountability, and legitimacy. Consequently, the metrics presented in this 

dissertation re-connect public policy process analysis with the tools and results of decades of 

process research in the fields of information science, business administration and many natural 

sciences, and supports a new theory of the public policy process as an algorithm whose purpose 

is the generation of solutions to public goods allocation problems. To illustrate the principles 

of the techniques involved and the utility of the approach, a case study analysis and prediction 

of Chinese public health policy response to the COVID-19 pandemic of 2020/21 is presented. 
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COLLABORATIONS 

 

Very few metrics measuring the properties of declarative processes currently exist. No 

agreed methods or open source or commercial computer tools exist that can make the 

calculations required in the case study chapter 7. Dr. Mark Dukes1 , a leading enumerative 

combinatorics researcher at the UCD School of Mathematics and Statistics was responsible for 

developing the SageMath based software underlying the calculations presented in chapter 7. 

However, I confirm that the principles, theorizing, writing, modelling and interpretation of the 

results are all mine. Mark was also responsible for the definition of a declarative process in 

section 1.2, repeated again in section 7.2, although I played a small part in alerting him to this 

previously unknown application area of enumerative combinatorics. 

 

 
1 Enumerative combinatorics is that part of combinatorics that deals with identifying or enumerating all 

possible sequences, patterns, combinations, and permutations encoded by a function or constraint set. A need for 

foundational research into this general category of mathematical problems has started to arise in many application 

areas, not just declarative public policy process analysis. Recently Mark was appointed an inaugural Managing 

Editor to a new journal Enumerative Combinatorics and Applications dedicated to publishing foundational 

research in this field. 
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PREFACE 

Half a century ago, in a Pre-View of the Policy Sciences, Harold D. Lasswell glimpsed 

into the future and speculated on the inter-disciplinary career path of what he called a policy 

scientist. Those starting as political scientists or public lawyers, he thought, would be most 

likely to come to the study of public policy via a theoretical analysis of the decision processes 

involved. Only later in their careers were they likely to acquire an expert knowledge of the 

practical content of specific policy domains. Those starting as scientists and engineers on the 

other hand were most likely to come to the study of public policy in the opposite direction via 

a practical knowledge of specific policy domains, only later “acquiring expertise in the decision 

process as they went along” (Lasswell, 1971, p. 58). However, there would soon arise another 

possibility that Lasswell could not have possibly been aware of. What of the career path of 

political scientists who transferred early on into careers as information systems engineers only 

returning to a study of political science much later in their professional lives? What would a 

study of public policy look like through their eyes? 

In 1981 along with an unwitting group of other fellow graduate students I was ushered 

into a darkened room at the then Polytechnic of North London. There we were shown one of a 

handful of IBM PC’s that had newly arrived in the UK from Boca Raton in the US. I had 

recently graduated in Government from the University of Essex, but my timing was off, and it 

was the first of Margaret Thatcher’s recessions. Jobs were very thin on the ground for recently 

minted social scientists. Despite the severity of the recession, though, there was plenty of public 

funding to re-train redundant heavy industry and auto workers and even recent liberal arts 

graduates into computer science and I felt lucky to have landed on my feet. Although I had no 

idea what it meant I thought I would weather the storm with well-paid computer programming 

work and resume my career as some sort of political scientist a few years later. Little did I know 

I was going to be swept up in an unparalleled re-structuring of the global economy and 
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workforce that would be driven by relentless advances in information technology. For the next 

30 years on projects in Europe, Middle-East, Russia, Africa and Asia, I would work as a 

systems engineer in the information and communications technology (ICT) industry as part of 

a global workforce that by 2020 would swell to an estimated army of 55.3 million (Statista, 

2021).  

However, although I now worked primarily in a systems engineering capacity, social 

science continued to cast its spell and it was in any case impossible to ignore the social effects 

of the restructuring of the global economy I was seeing all around me. I worked on telecoms 

privatization projects in Germany in the mid 1990’s whilst Deutsche Telecom was laying off 

200,000 workers. Later, in the mid-2000’s, battling through traffic to call-center projects in 

down-town Dubai, I was trying to avoid eye contact with Bangladeshi construction workers 

sheltering from the blistering heat in the lee of the giant skyscrapers they were raising out of 

the desert sand. By the early 2010’s I was working for the Chinese telecoms equipment giant 

Huawei in Lagos, Nigeria and witnessing firsthand the rise of a newly ascendant China and the 

social consequences to the South of their policy of debt diplomacy. My personal journey as an 

accidental systems engineer only ended in 2012 on the Thailand/Myanmar border on one of 

the last remaining GSM mobile network roll-outs some 30 years after seeing an IBM PC for 

the first time. By that time, my job too, as what had come to be called a solution architect, had 

in turn become commoditized and offshored just the same as the heavy engineering and 

manufacturing jobs that it had replaced all those years earlier. 

Soon after, choosing to resume my career in political science after my 30-year detour 

in ICT, I arrived at University College Dublin on its Master of Public Policy program. There, I 

felt confident, I would find answers to the questions of what was driving such a far-reaching 

re-configuration of the global economy. What was the link between the policy changes of the 

Margaret Thatcher and Ronald Reagan years and the profound economic and social changes I 
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had been a witness too? How was it possible for Huawei, a small, Shenzhen based rural 

telecoms sales agent established in 1987 to grow so fast that by the 2020’s it would come to 

dominate the global mobile telecommunications 5G market and rise to the top of the security 

and defense policy agenda of almost all Western governments? Why did policy makers not 

measure the social costs of the commoditization of zero hour contract service sector jobs that 

was now following on from the commoditization of the industrial jobs of a previous 

generation? What were the obstacles to the cross-border taxation of the Apple, Facebook and 

Google and other ICT megaliths that this restructuring of the global economy was producing? 

I never did find answers to these questions, or at least answers that could be quantified in 

anyway, and quickly concluded that it was the lack of modelling tools available to the discipline 

of public policy analysis that was the major obstacle to progress. What modelling tools though, 

exactly, would be required? Surely, process tools of some sort were the most appropriate tools 

for the analysis, study, and quantification of the public policy process? Bafflingly, I could not 

find them. Surely this was so obvious as to be self-evident. What had I missed?  

As it happens during my 30 years as a small part of the long march to the internet, I had 

been a solution architect with several large telecommunications companies and the tools of my 

trade were process diagrams. The process diagramming conventions I was required to use were 

usually subject to international standardization and were of many different sorts. Luckily, there 

was a pattern. A modern telecommunications network, certainly in terms of the international 

standards that define them, is best thought of in three dimensions. This includes the two 

dimensional physical network of cables, switches, routers and radio masts that most of us think 

of as a “network”. Equally important, though, is a third dimension of computer software and 

human administration on top of that physical network which manages not only the physical 

components of the network but also the products and services, customers, partnerships, and the 

business model that is the whole point of the considerable investment that is a modern 
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telecommunications network. As you move up this third dimension into the more socially 

abstract layers of a telecommunication network, the diagramming conventions used subtly 

changes from network based to process based. For example, to model the physical transmission 

network, my network planning and design colleagues used a variety of software visualization 

tools that could produce ITU-T compliant network diagrams.2  However, the utility of such 

diagrams quickly breaks down in the product and service layers of the network when modelling, 

for example, the interactions between the physical components involved in the very human 

activity of the setting up, maintenance and termination of a telephone conversation. Instead, a 

sequence diagram, a simple type of process diagram, was commonly used by my product and 

service network colleagues. By the time you got to the business abstraction layer of a modern 

telecommunications network, where I worked, it was necessary to model the interactions of 

human customers and human workers with each other and with the physical components of the 

network using much more sophisticated process diagraming conventions such as EPC and 

BPMN. It was obvious to me, at least, that if you were to keep going further up into the political 

and public administration abstraction layer of telecommunications policy making and 

regulation where spectrum allocation or net neutrality is being decided then even more 

sophisticated process diagraming conventions must be being used. 

Much to my surprise this was not the case. 3  I had been a solution architect and 

understood the explanatory power and quantification potential of a diagram, but the dominant 

diagraming approach within political science had become the most machine like and the least 

human like. It had become a network diagram, not a process diagram. How could it possibly 

 
2 Strictly speaking, network diagrams that comply with ITU-T recommendation Z.371 of the Z.360-

Z.379 series recommendations for human to machine management of telecommunications networks. 
3Telecommunications policy making is not modelled using the declarative process modelling techniques 

presented in this thesis. However, it is often the case that telecommunications radio spectrum auctions that are the 

result of policy making decision processes are modelled using algorithmic game theory (AGT). Although game-

theoretic approaches to policy making are out of the scope of the present thesis, the principles of AGT and its 

intersection points with the process oriented approach of this thesis are briefly discussed in section 3.2. 

. 
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be that something as abstract as the “collective puzzlement on society’s behalf” (Heclo, 1974, 

p. 305), that I thought best conceptualized the process of public policy making could be 

represented as a network diagram? It has been the working out of the consequences of this quite 

unexpected discovery that has driven much of the thesis presented here. This would prove to 

be a difficult and a rather long and winding path. Curiously though, that path would take me 

all the way back to Lasswell, the man who is normally credited with the birthing of public 

policy as a distinct, applied, political science sub-discipline with his seminal paper The Policy 

Orientation (Lasswell, 1951). What I found on the path I had taken was that not only, as 

Lasswell explained, must the content of effective policy advice be problem oriented, inter-

disciplinary and normative or value based (cf. DeLeon and Vogenbeck, 2007, pp. 4-5) but so 

too must be the process by which that policy advice is decided. In other words, the development 

of effective policy making processes will require the interdisciplinary input of at least, political 

science (public problem solving and institutional analysis), political philosophy (normative 

concepts of legitimacy, accountability, and modes of societal coordination), law (instruments 

and regulation) information technology (algorithms and BPM) and mathematics (graph theory 

and enumerative combinatorics). Some readers will find the wide-ranging manner of this inter-

disciplinary approach disorienting. However, the fact is that the policy literature from a content 

perspective is already used to straying into various literatures and this is not usually commented 

on or considered disorienting in anyway. For example, a public policy paper with a case study 

of climate change will naturally stray into the scientific global warming or oceanography 

literature. Similarly, a public policy paper with a case study on global pandemic management 

will naturally stray into the medical epidemiology literature or the economic shock and cyclical 

contraction literature. It should therefore come as no surprise that if I conceptualize the policy 

process in terms of a problem solving algorithm that I will stray into the computer science, 

mathematics, business administration, organizational and political philosophy literatures where 
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collective problem solving, and social choice has usually been examined in much greater depth 

than is commonly seen in the public policy process literature. 

This then is the journey that has brought me here with the conviction that the singular 

value add that a policy scientist can bring to the policy making table, above and beyond the 

contribution of their economist and other policy subject-matter expert colleagues, is an inter-

disciplinary, information theoretic and above all a normative study of the policy making 

process itself. In many ways then, much like Lasswell before me, the thesis presented here can 

be considered my glimpse into the future and my speculation on what the career path of future 

policy scientists should be.
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And what beat you, he thought. “Nothing”, he said aloud. “I went out too far.” 

-Ernest Hemingway, The Old Man and the Sea 

“Alright Hobbs, knock the cover of the ball.” 

-Wilford Brimley as Pop Fisher, The Natural 

 

 

 

 



 

1 

 

1 Introduction 

Processes are common in nature, information systems and business and a large literature 

has arisen since the 1960’s to graphically model and quantify their properties.4 However, with 

a few exceptions current theories of the policy process do not model or measure the public 

policy process using the graphical process notations developed in this literature. Why is this 

and what are the consequences?  

A closer examination of the results of what might be called process science reveals a 

partial answer. For the purposes of this dissertation, I will define process science as the 

framework of formal process conceptualizations, graphical notations and results that have 

emerged at the juncture of information science and business administration since the 1960s.5 

Simply put, a process is a sequence of interconnected activities that produces an outcome and 

the graphical notations that have been developed to model them within this process science 

literature can be more or less formal and even subject to international standardization (Lee et 

al., 2009). Many graphical notations have been developed which for the most part follow an 

imperative paradigm by which all possible activity sequences are prohibited unless explicitly 

modelled by the process. A simple flowchart is an example of an imperative process notation 

but there are many others such as EPC, BPMN, UML, Petri Nets, and YAWL (van der Aalst, 

2016, p. 55-88, Weske, 2019).  

 
4 Famously, Alfred North Whitehead, who was the joint author with Bertrand Russell of Principia 

Mathematica (Whitehead and Russell, 1962), would go on to build an entire metaphysics around the notion “that 

the actual world is a process, and that the process is the becoming of actual entities” (Whitehead, 1979, p. 22). 

Although not strictly true, many have interpreted Whitehead’s process philosophy as meaning all reality is in an 

act of becoming, or in other words, all reality is a process. More prosaically, Whitehead, just like Harold D. 

Lasswell after him, greatly admired John Dewey and the other pragmatists (Whitehead, 1979, p. 12). Although 

Harold D. Lasswell would later draw on Dewey, and although Lasswell has inspired much of this thesis and there 

are interesting parallels between Whitehead’s process metaphysics and Dewey’s pragmatist metaphysics, any 

further discussion is out of the scope of this thesis. For further discussions of Whitehead’s process philosophy and 

his links with the pragmatists see Johnson (1945), Dewey (1951), Basile (2013), Myers (2015) and Myers (2020). 
5 Wil van der Aalst defines process science similarly. “We use the umbrella term “process science” to 

refer to the broader discipline that combines knowledge from information technology and knowledge from 

management sciences to improve and run operational processes” (van der Aalst, 2016, p. 15). 
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There have been many important results within this process science literature, and these 

have found a wide application in information systems, business administration and several 

natural sciences. An important early result, for example, has been that any imperative process 

that can be represented graphically as a combination of sequences, iterations and branches is a 

problem-solving algorithm (Böhm and Jacopini, 1966). Strikingly of course, the public policy 

process, too, has often been conceptualized, at least implicitly, as a problem-solving social 

exercise whose purpose is the solving of public goods allocation problems (Turnbull, 2018). 

As there is no obvious reason why the public policy process should be different, at least 

conceptually, to any other category of process, this observation naturally begs the question. If 

the public policy process could also be represented imperatively as a combination of sequences, 

iterations, and branches, is the public policy process itself also an algorithm?  

However, with a few exceptions, results like these, from the process science literature, 

have not led current theories of the policy process to model or measure the public policy process 

using common imperative process notations. Prominent examples of recent policy process 

handbooks lacking any treatment in terms of common imperative process notations include 

Moran et al. (2006), Fischer et al. (2007), Cairney (2012), John (2012), Peters and Zittoun 

(2016), Weible and Sabatier (2017), Colebatch and Hoppe (2018) and Capano and Howlett 

(2020). Even where the imperative process concepts of process design, process architecture 

and process management have been placed at the front and center of a theoretical account of 

the public policy process, process notations and process measurement are absent (cf. de Bruijn 

et al., 2010). As we shall see in chapters 3 and 4, there are several reasons for this but arguably 

the most important one is that the public policy process, ranging across thematic domains as 

diverse as Social Policy, Public Health, the Economy, Security and Defense and many others, 

is far more complex than any natural, information system or business process. As a result, not 

only is there no obvious way of modelling the policy process using the currently available 
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imperative process modelling tools, but there is also no obvious way in which the policy 

process could be considered an algorithm in the imperative Böhm and Jacopini sense. One 

consequence is that public policy process research has become detached from the results of the 

large body of process analysis research in the information science and business administration 

literatures. Another consequence is that much of current business process management (BPM) 

research does not address the concerns of the public administration and public policy process 

research agenda.  

Nevertheless, in recent years, a new class of process modelling tools has emerged at the 

juncture of the disciplines of information science and business administration that can model 

more complex processes using a declarative process paradigm instead. By contrast to an 

imperative process a declarative process allows all possible activity sequences unless explicitly 

prohibited by the model. Borrowing recent techniques and tools from the fields of information 

science and business administration I therefore conceptualize the policy making process 

graphically as a declarative process that encodes all possible decision paths available to public 

officials. This approach confers many benefits. For example, it is by this means, using 

techniques of graphical analysis like those developed in the social network analysis (SNA) 

literature that I construct objective measures of the public policy process. These measures 

include resilience, transparency, and mode of governance co-ordination and can be used both 

as a basis for the comparative study of public policy processes and practical recommendations 

for the procedural content of any public policy. In addition, this approach implies an alternative 

declarative rather than imperative definition of an algorithm, primarily due to Robert Kowalski 

(1979), as a more appropriate conceptualization of the policy making process. Unlike 

imperative definitions of algorithms, this declarative definition, I will argue, can be used as the 

basis for a new algorithmic theory of the policy process. However, this approach certainly 

creates many challenges, and several questions naturally arise. Most notably: 
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1. Can the public policy process be modelled formally as a process graph? 

2. Is the imperative or declarative process modelling paradigm more appropriate to the 

analysis of the public policy process? 

3. Why is the public policy process not modelled formally as a process graph? 

4. What are the gaps in the process science literature that do not address the concerns of 

the policy process research agenda? 

5. What are the benefits of modelling the public policy process formally as a process 

graph? 

6. Can a system of public policy process metrics be constructed to quantify the properties 

of any public policy process so that they can be objectively compared? 

7. Is the public policy process an algorithm in either the imperative or declarative sense? 

I will delay a more formal working definition of a declarative process until section 1.2, 

but first, however, why are the central concerns of this thesis important? 

1.1 Motivation 

Theories of the Policy Process, now in its fourth edition, has served for more than two 

decades as a barometer of the frameworks, theorizations and models, that are most frequently 

used in the modern day literature to compare alternative public policy decision-making 

processes (Sabatier, 1999b, Sabatier, 2007b, Sabatier and Weible, 2014, Weible and Sabatier, 

2017). Nowhere is the disconnect between current theories of the policy process and process 

science, more apparent than in these four editions. Although the criteria of selection (and de-

selection) of policy process theories have subtly changed as the edited volumes have evolved 

over the years, the absence of one criterion has remained remarkably consistent. Nowhere is it 

a criterion that theories of the policy process should converge with the conceptual framework, 
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notations, and modelling techniques being developed elsewhere in the process science 

literature.  

This oversight has many consequences. For example, although the later editions are 

more even handed, the earlier editions tend to dismiss or sideline Lasswell’s policy cycles, 

Kingdon’s multiple streams (and by extension Cohen et al.’s garbage can) in favor of 

alternatives such as Ostrom’s institutional analysis and development framework (IAD) or 

Sabatier’s own advocacy coalition framework (ACF) (Sabatier, 2007a). However, if the policy 

process is instead considered to be a special case of a more generally defined category of 

processes, then the presence of such a selection criterion would imply an opposite conclusion. 

The IAD and the ACF now become the problematic policy process theories as they do not 

explicitly conceptualize process science categories such as activities, sequences, iterations, and 

branches whereas the policy cycle, garbage can, and multiple streams do. Indeed, it is not a 

coincidence that as the garbage can started life as a FORTRAN computer simulation that there 

have subsequently been repeated attempts, as the available technology advanced, to re-imagine 

both artificial intelligence (AI) and agent-based model (ABM) versions of it. More importantly 

though, for the purposes of this thesis, the specification of these re-imagined garbage cans has 

typically been done either in terms of simple flow chart process notations (Fioretti and Lomi, 

2008, Masuch and LaPotin, 1989) or the more mathematically precise petri net process 

notation (Heitsch et al., 2000, Kaneda and Hattori, 2006). The same cannot be said for any of 

the other commonly cited theories of the policy process.  

Notwithstanding, a much more important consequence is that this disconnect means 

that the techniques and tools, developed over decades, that could plausibly provide a basis for 

objective measurement and the prediction of the likely outcomes of alternative policy making 

processes are now absent from the policy process research agenda. This was not always the 

case, so the question arises how did this disconnect come about? As Peter John (2018, p. 2-3) 
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has observed, in the first age of public policy theorization, extending from the mid 1950’s to 

the late 1970’s, the classic works by Lasswell (1951, 1956a), Simon (1947, 1957, 1997) 

Lindblom (1959), Allison (1971), Wildavsky (1975), and many others, focused on the policy 

decision making process itself. As such, it is not difficult to find in a close reading of these 

texts, that early policy process theorists often deployed a vocabulary, that would be easily 

recognizable by modern day process science theorists. In the case of Lindblom (1965, pp. 26-

7), and Allison (1971, p. 256), for example, there were even rudimentary graphical schematics 

that illustrated the internal detail of the public policy making black box. However, these early 

schematics were never extended and converged with the graphical process notations of process 

science. Instead, in a second stage of more complex synthetic works, beginning in the mid 

1980’s and extending into the early 1990’s, policy process theorists began to blend decision 

making into accounts of agenda setting (John, 2018, p. 3-4). It was at this point, with a few 

exceptions, most notably Kingdon’s multiple streams, that policy process theories such as the 

IAD and ACF began to diverge from the process science being developed in other disciplines.  

As we shall see in section 2.3, one reason for this was that the process science being 

forged at the juncture of information science and business administration was being driven by 

the technocratic needs of globalizing capital rather than the public policy process research 

agenda. Indeed, a case can be made that it was the process conceptualizations, notations and 

technologies being developed by a largely unregulated information technology sector that was 

the key enabler of the hyper-globalization so characteristic of the 80’s, 90’s and early 00’s.6 

Many of the seminal business process theory texts from this time, for example, were entirely 

explicit concerning the goal of globalizing the division of labor and trans-national production 

 
6 The term hyper-globalization was first coined by Rodrik (2012, p. 23). It was subsequently elaborated 

on by Subramaniam and Kessler (2013) as the underlying mechanism driving the unprecedented restructuring of 

global employment patterns and domestic welfare distributions that began in the 1990’s. Hyper-globalization 

would eventually be acknowledged by Krugman (2019) as a key driver of US domestic manufacturing 

unemployment. The consequences of hyper-globalization as they relate to several of the key arguments of this 

thesis are briefly returned to again in section 2.3.  
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processes (cf. Davenport, 1993, Hammer and Champy, 1993). By contrast, the normative 

impacts of institutions and ideas on social processes such as the agenda setting phase of the 

public policy process and the political process more generally was not being considered by this 

literature and consequently the policy process research agenda took a different turn. 

We need not look far for contemporary illustrations of the consequences of this 

disconnect. For example, large parts of this dissertation were completed under the 

circumstances of an unprecedented global quarantine and economic lock-down caused by the 

Covid-19 pandemic of 2020/21. Ultimately the application of the relevant Chinese public 

health emergency response rules did lead to a mainland China epidemic containment but 

arguably the application of those rules also led beyond Chinese borders to the truly shocking 

consequences of the global Covid-19 pandemic of 2020/21 (Gao and Yu, 2020). The question 

arises could such an outcome have been predicted from an analysis of the epidemic 

containment process mandated by official Chinese public health emergency policy and 

subsequently avoided? As a declarative process diagram can encode all possible decision paths 

in any public administration or public policy process, the techniques presented in this 

dissertation are designed precisely to make public health predictions such as this (cf. Dukes 

and Casey, 2021, chapter 7, this thesis).  

Dramatically, however, as the dissertation drew to a close, the even more shocking 

specter of war returned to continental Europe with the invasion of Ukraine by President 

Vladimir Putin’s Russian Federation on the 24th of February 2022. Just as Dewey and Lasswell 

found themselves defending the values of liberal democratic systems of government in the face 

of the existential Fascistic threats of the 1930’s and 1940’s, it now falls to a new generation of 

political scientists to do the same in the 2020’s. Consequently, although the events unfolding 

far away in the Donbas region of Ukraine are strictly outside the scope of this thesis, I will 

instead in section 8.9.1.1 make the allegorical case for the weaponizing of the ideas presented 
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in this thesis to disrupt the rise to power of Lord Sheev Palpatine that resulted from the far, far 

away Confederation of Independent States (CIS) secession crisis in the Outer Rim of the 

Galactic Republic.7 

1.2 A Working Declarative Process Definition 

Modelling the public policy process declaratively is key to the arguments presented in 

this dissertation. Although more formal definitions will be presented later, for now we need a 

working definition of a declarative process to proceed. Informally, we will use this definition. 

 

A declarative process encodes the (potentially) infinite walk on the complete graph (G = A, C) 

whose set of vertices is the set of activities A. This walk must satisfy all constraints in a 

constraint set C whereby these constraints are declared over the activities in A.8 

Defined this way the declarative modelling paradigm permits all activities in a process and any 

combination or ordering of those activities unless explicitly prohibited by the constraints. This 

contrasts with the more traditional imperative process modelling paradigm which prohibits 

everything unless explicitly specified by the workflow (Laurent et al., 2014, p. 1126). This 

definition implies a requirement to model potentially large numbers of possible activity 

sequence permutations. In fact, as we shall see in the case study chapter 7, depending on the 

constraints imposed on the model, the number of permutations can be very large indeed. 

Nevertheless, the key advantage of this declarative paradigm from the perspective of this 

dissertation is that it allows for a very compact encoding of social processes such as the public 

policy process that exhibit extreme combinatorial diversity.  

 
7 As fictionally chronicled in Episode 2: Attack of the Clones in the Star Wars cinematic saga. 
8 Previously unpublished. Due to Dr. Mark Dukes, School of Mathematics and Statistics, University 

College Dublin.  
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1.3 Declarative Process Modelling Principles 

What exactly, however, does a declarative process diagram look like and how do we 

construct and measure one?  

1.3.1 Natural Language 

The analysis always starts with a natural language description of the policy making 

process or policy making episode of interest. This could be derived from interview or survey 

or other primary sources, but more commonly it would be derived from a secondary expert 

description of the relevant policy process or episode. This metaphorical example will be 

explored in much greater detail in the worked example in section 6.5. However, in order to 

orient ourselves, I think it is worthwhile repeating the example here. After all, there is a long 

tradition in political science from Hobbes to Rawls and of Hardin to Ostrom of the re-cycling 

of metaphorical thought experiments such as the state of nature or the tragedy of the commons. 

As an illustrative example, let us start with a much simplified natural language description of 

the policy making style of the 12 gods of the ancient Greek Olympian pantheon. Much of this 

natural language description of the Olympian’s decision-making approach would be easily 

recognizable by modern day public administration and public policy practitioners. 

 

“The council of the Olympian gods and goddesses made collective decisions with input from 

an expert panel, which consisted of Zeus (the president of the gods), Athena (the goddess of 

wisdom), Hermes (the god of information and commerce), and any other god whose area of 

expertise would be pertinent to the subject in question. These meetings were problem-oriented 

participatory sessions, characterized by intense discussions and searches for best solution. The 

gods' decisions were persuasively communicated to mortals and powerfully implemented with 

follow-up reports.” (Zanakis et al., 2003)  
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1.3.2 Step-wise Refinement 

The next step is the extraction of a structured declarative process model from the semi-

structured natural language text. Often called step-wise refinement this step has similarities 

with process tracing which is discussed further in section 4.6. The objective is to produce a 

more structured diagrammatic representation of the original unstructured natural language text 

which can be seen in Fig. 1.1. This has been done using the declarative process modelling tool  

 

Fig. 1.1: Greek Pantheon Declarative Policy Process Model 
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DECLARE and this is the modelling tool that is used throughout the thesis. The reasons for 

choosing DECLARE instead of other declarative process modelling alternatives are discussed 

in section 6.1.1.  

1.3.3 Measurement 

Some readers may be familiar with Social Network Analysis (SNA) metrics that 

measure the size or centrality or other properties of network graphs. These metrics are usually 

constructed in terms of counts of the ratios of the nodes and edges of the graphs. However, 

when constructing a declarative process metric, a very different procedure is involved. A 

declarative process is a very compact encoding of very complex processes indeed and can with 

only a few nodes and edges encode many millions of possible process paths. The declarative 

process graph in chapter 7 represents Chinese State response to the Covid-19 outbreak with 

just 21 nodes and 38 edges. However, it encodes more than 37.5 million process paths. In a 

very compact form, this much simpler declarative process, encodes exactly 7,366 decision 

paths available to the mythological process participants of the Geek Pantheon (Dukes and 

Casey, 2021, p. 372).  

In general then, the metrics constructed to compare the properties of alternative 

declarative process models will need to make counts of valid process paths rather than counts 

of nodes and edges and this creates a considerable methodological challenge in the field of 

enumerative combinatorics. Nevertheless, is a central claim of this thesis that such metrics 

could be used to make concrete recommendations for change to policy making processes that 

improve their predicted outcomes.  

1.4 Problem Statement 

Having identified a puzzling gap in the public policy process literature and laid out a 

possible resolution in terms of the techniques of declarative process analysis we are finally in 
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a position to ask the core question driving this thesis. How can current theories of the public 

policy process be synthesized with process science? This simple question raises several inter-

disciplinary challenges. 

1.4.1 An Inter-Disciplinary Synthesis 

It has been long acknowledged that no one public policy process theory offers a 

comprehensive explanation of the public policy process and that a synthesis that ensures 

cumulative theory building would be preferable (Real-Dato, 2009, John, 2012, p. 154-77, 

Goyal and Howlett, 2020). Existing policy process theories, however, do not necessarily share 

a common vocabulary, conceptualizations or even objectives and goals. As such, any potential 

intra-disciplinary policy process theory synthesis would be extremely challenging (Cairney, 

2013). Asking the question ‘how can current theories of the public policy process be 

synthesized with process science’, on the other hand, implies the seeking of an inter-

disciplinary synthesis. Such a synthesis will be much more challenging. As we shall see, this 

involves an inter-disciplinary study at the juncture of political science (policy analysis), 

political theory (normative concepts of legitimacy, accountability, and modes of societal 

coordination), information technology (algorithms and BPM) and mathematics (graph theory 

and combinatorics). The manner of this wide-ranging inter-disciplinary synthesis is the core 

problem addressed by this thesis. Fortunately, its challenges can be reduced to the answering 

of just two clusters of inter-related theoretical and methodological questions. Both clusters of 

questions are based on the questions raised in the introductory remarks above. Grouping these 

questions under theoretical and methodological heads is the simple strategy that will be 

deployed to unravel the core problem being addressed by this thesis.  
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1.4.2 Theoretical Questions 

Firstly, how, even in principle, are current theories of the policy process to be 

synthesized with process science? In some cases, the connection is clear. For example, the 

policy cycle explicitly models activities, sequences, and iterations (cycles), and even uses a 

rudimentary graphical notation. However, the policy cycle does not model branching logic. In 

other cases, the connection is more subtle. For example, although the IAD does not explicitly 

model activities, sequences, iterations, and branches, the IAD concept of institutional 

constraints certainly mirrors the declarative process concept of a procedural constraint. Under 

this heading we will therefore put the following theoretical questions. 

1. Why is the public policy process not modelled formally as a process graph? 

2. What are the gaps in the process science literature that do not address the concerns of 

the policy process research agenda? 

3. What are the benefits of modelling the public policy process formally as a process 

graph? 

4. Is the public policy process an algorithm in either the imperative or declarative sense? 

To the extent defined in the scoping section 1.6 below all these theoretical questions 

will be addressed in this dissertation. However, before a more detailed analysis of the gaps in 

the relevant literatures, that an inter-disciplinary synthesis should fill, it will be useful to orient 

ourselves with an initial assessment of the theoretical question 1 above. Why is the public policy 

process not modeled formally as a process graph? It will be a theme of this thesis that in large 

part this resistance can be traced to the poor fit of traditional imperative BPM tools to the 

challenges of modelling the public policy process. Traditional imperative BPM tools are highly 

prescriptive and lend themselves well to the modelling of routine and predictable business 

processes such as those involved in the manufacture of an automobile or the assessing of an 
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insurance claim. All the activities and sequencing involved in such a process, all the 

responsibilities of the actors and stakeholders involved, all the alternative branching and 

exception handling must be defined in detail in advance. This is what is meant when we say 

that within the imperative process paradigm all possible activity sequences are prohibited 

unless explicitly modelled by the process.  

However, although modelling simple clerical and production processes imperatively in 

this way can work well, extending the approach to the modelling of the more complex activities 

of knowledge workers 9 in the professions quickly becomes unfeasible. The activities of 

knowledge workers are usually much more abstract and far less linear and routine. Often, with 

such processes, the sequence of activities can be performed in any order or at the discretion of 

the participants who may be constrained only by institutional rules and norms, political 

orientation, and professional and ethical guidelines (van der Aalst and Berens, 2001). In 

addition, the permutations of possible decision paths of such processes will typically also be 

so large in number that their explicit modelling would make any resulting imperative process 

graphs unreadable. For example, in chapter 7, the 24 activities used to model Wuhan 

municipality’s public health response to the Covid-19 outbreak of 2020 implies that there were 

more than 37.5 million valid decision paths available to the involved public officials. Clearly, 

a meaningful representation of a social process as complex as this in terms of an imperative 

process graph is not possible.  

It is for this reason, in recent years, that several completely different declarative process 

modelling paradigms have emerged. One such example is an artefact-based process modelling 

 
9 The concept of a knowledge worker, although in common usage, is notoriously difficult to define. 

Further elaboration is not strictly within the scope of this thesis. However, the term does recur throughout the 

thesis. My understanding is after Surawski (2019, pp. 126-27) for whom knowledge work is not an occupation 

but instead a property of the occupations of specialist, professional and manager defined in the International Labor 

Office (ILO) ISCO-8 standard. Further, I understand the sub-set of knowledge workers engaged in the policy 

making process as the legislators, stakeholders and public administrators also defined in the ILO ISCO-8 standard. 

I return to this theme briefly in section 5.2.1. 
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paradigm that is based on the intuition that knowledge workers, for example in the legal or 

medical professions, often have a wide discretion in the handling of a ‘case-file’. Rather than 

specifying the precise sequence of activities that the knowledge worker must perform, only the 

contents of their case-file, the constraints on their activities, the goals they must accomplish 

and the artefacts such as reports, recommendations, and decisions they must produce are 

‘declared’. Artifact based process paradigms such as this can encode the highly flexible and 

adaptable processes by which a wide range of professions accomplish their tasks and are part 

of the class of process paradigms called a declarative process (Hildebrandt and Mukkamala, 

2010, Schonenberg et al., 2008, van der Aalst and Berens, 2001). 

It is the poor fit, then, of traditional imperative BPM tools to the challenges of 

modelling complex policy making activities, such as agenda setting, policy formation and 

policy implementation that is the reason why the public policy process is not modelled formally 

as an imperative process graph. However, there is an opportunity to model the public policy 

process as a declarative process graph instead. It is the modelling of public governance, in this 

way, as a declarative process constrained only by institutional rules and norms, I propose, that 

will ultimately enable the quantification of the properties of a wide range of socio-political 

phenomena including, the subject of this dissertation, the public policy process. However, this 

approach raises several methodological challenges not least of which is the modelling of the 

very large number of valid permutations of activities that result from even the simplest 

declarative process. 

1.4.3 Methodological Questions 

Given our working definition in section 1.2 any metrics that we develop will need to 

take account of the large number of process traces that can be encoded by a declarative process. 

In fact, as we shall see, the number of permutations of the decision paths of a policy making 

process when represented as even the simplest declarative process can be very large indeed. It 
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is this characteristic of the declarative process approach that creates a significant 

methodological challenge. Fortunately, this turns out to be a problem that can be reformulated 

in terms of enumerative combinatorics and Shannon information entropy so this dissertation 

will rely in part on the basic results derived in Dukes and Casey (2021). Under this heading we 

will therefore put the following methodological questions. 

1. Can the public policy process be modelled formally as a process graph? 

2. Is the imperative or declarative process modelling paradigm more appropriate to the 

analysis of the public policy process? 

3. Can a system of public policy process metrics be constructed to quantify the 

properties of any public policy process so that they can be objectively compared? 

Similarly to section 1.4.2 and to the extent defined in the scoping section 1.6, this 

dissertation will also address all these methodological questions. However, it will also be useful 

to orient ourselves with an initial assessment of the methodological question 3 above. Can a 

system of public policy process metrics be constructed to quantify the properties of any public 

policy process so that they can be objectively compared? To understand what the definition of 

a declarative process in section 1.2 is telling us we will consider an example fragment of a 

simple public policy process that requires public officials to perform three arbitrary activities, 

a, b and c. Those activities might be information gathering, public consultation and media 

management. A simple process like this could be represented imperatively as a process block 

diagram as follows in Fig. 1.2. 

 

a b c

 
 

Fig. 1.2: Simple Imperative Process Block Diagram 
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There is only one valid process path or trace and that is the sequence of activities <abc>. 

However, depending on the policy domain, none, one, or all these activities may need to be 

performed in any order. These are the possible traces with such an unconstrained process:  

<null, a, b, c, ab, ba, bc, cb, ac, ca, abc, acb, bac, bca, cab, cba>. Representing all these 

possible process traces imperatively is already a difficult task with such a simple process. It 

could be drawn as in Fig. 1.3.  

a b c

 
 

Fig. 1.3: Complex Imperative Process Block Diagram 

 

On the other hand, with many declarative process notations such a simple unconstrained 

process would be represented as a disconnected, undirected, and edgeless graph as follows in 

Fig, 1.4. 

a

b

c

    

 
Fig. 1.4: Simple Unconstrained Declarative Process Block Diagram 

 

However, now let us consider a more realistic unconstrained process with just 10 

activities. In this case there would be (1011 − 1) 9 ≈ 11,111,111,111⁄  valid traces. This is 

11.1 billion traces which is a very large number and calculating metrics on the basis of a trace 

set of this size would require significant computational resources (Dukes and Casey, 2021, p. 

4). As additional activities are added to a declarative process model the resulting trace set will 
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consequently grow exponentially and this is what I mean when I say that a declarative process 

modelling approach presents considerable methodological challenges. 

1.5 Case Study: A Declarative Analysis of Chinese Covid-19 Response 

To illustrate the principles of the techniques involved and the utility of the approach an 

analysis of the Chinese institutional factors that contributed to the global Covid-19 pandemic 

of 2020-21 is presented. It is difficult to imagine a more powerful case study to demonstrate 

the utility of the ideas being presented in this theses. Published analysis of the impact of public 

health policy making and public administration on Covid-19 outcomes has been slow to come 

through in most jurisdictions across the globe. However, in China the response from the public 

administration research community was almost in real-time. Consequently, I have been able to 

construct and measure declarative process models that draw on several unique natural language 

descriptions of the crisis in the February 2020 special edition of the Journal of Chinese 

Governance (Yu, 2020). The sobering results of that analysis are presented in chapter 7.    

1.6 Scope of the Dissertation 

1.6.1 In Scope 

This dissertation proposes declarative process tools and techniques and an algorithmic 

theoretical framework for a completely general comparative study of the public policy decision 

making process. In other words, the primary scope of the thesis is what Lasswell called 

knowledge of the policy making procedural process rather than knowledge in the content of 

any particular policy domain. 

1.6.2 Out of Scope 

Although an in-depth case study will be presented in chapter 7, this thesis is not 

primarily a study of the content or effectiveness of public policies. In other words, this 

dissertation is a general study of the problem-solving capacity of the State to produce any 
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public goods allocation solutions (policies) in any public goods allocation domains (policy 

domains). The topic of this thesis is also extremely broad, so to introduce practical limits to its 

scope many other important topics have also been placed out of scope.  Two particularly notable 

topics that I have placed out of scope are mechanism design and algorithmic game theory 

(AGT). This literature brings up to date the classic investigations of the tragedy of the commons 

and other collective choice social dilemmas from the 1970s and 1980s (Nisan et al., 2007, 

Maskin, 2008, Brandt et al., 2016, Roughgarden, 2016). Like the process oriented inter-

disciplinary synthesis that I propose in this thesis, the AGT literature is also highly inter-

disciplinary (Nisan et al., 2007, p. xiii, Roughgarden, 2016, p. xi). AGT converges mechanism 

design (institutional economics), game theory (mathematics), algorithms (computer science) 

and public policy and collective choice (political science). However, the key difference 

between the AGT literature and the ideas being presented in this thesis is that I consider 

institutionally driven processes much more general in their explanatory power than 

institutionally driven games. In other words, a much broader range of policy making 

phenomena can in principle be modelled using processes constrained by declarative design 

rules rather than games constrained by mechanism design rules. I will briefly come back to this 

point in section 3.2 and again in chapter 8 where several of the topics, that are out of the scope 

of this thesis, including AGT, are briefly returned to in terms of open questions and a proposal 

for a new declarative process-oriented research agenda. To summarize, all the following items 

are out of scope of the thesis: 

• Mechanism Design 

• Algorithmic game theory (AGT).  

• Modeling of actors, for example, strategic role playing, staying in office, achieving 

specific “good policy” goals, advancing on a career ladder and/or rent seeking. 
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• Application of modal logics other than LTL. For example, the DTL (defeasible 

temporal logic).  

• Assessment of rational choice theories of the policy process. 

• Weighted constraints. 

• Automated extraction of declarative process models from natural language text. 

• Normative Electronic Institutions (Future Internet). 

• Quantum algorithms. For example, Grover’s algorithm. 

1.6.3 Major Limitations 

Nevertheless, there are limitations to the declarative approach presented here. By far 

the most significant limitation is the absence of a declarative process calculator that could 

measure the properties of declarative process models. Constructing one, perhaps along the lines 

described in section 8.2 will undoubtedly be challenging. As we have seen, even the simplest 

of declarative models may encode tens of millions of decision paths and more complex, more 

realistic models will undoubtedly encode orders of magnitude more decision paths. A 

normative as opposed to a utility maximizing model of the actor that is proposed in section 

5.2.4 is also missing from this dissertation. This will be required to quantify any genuinely 

normative properties of declarative processes that are of interest in public policy process 

research and political science more generally. This is largely because of the business focus of 

current declarative modelling tools where a utility maximizing model of the actor is usually 

assumed. However, this does not mean that useful contributions to public policy process 

analysis cannot be made with current declarative modelling tools. 

1.7 Contributions of the Dissertation 

One way of interpreting the thesis is as part of the long tradition of problem-solving 

theorizations of the State (Dewey, 1927, Lasswell, 1951, Heclo, 1974, Chisholm, 1995, Scharpf, 
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2003, Turnbull, 2006, Hoppe, 2011, Lodge and Wegrich, 2014, Thomann et al., 2019). However, 

this dissertation takes several further steps. A classical proposal from the early days of AI 

research is that a computational algorithm is best understood declaratively as a combination of 

logical constraints and process procedures (Kowalski, 1979). I therefore theorize that the public 

policy process when modelled as a declarative process also meets Kowalski’s criteria for an 

algorithm. Not only that, rising to Peter John’s challenge that there have been few innovations 

in the theory of the public policy process since the 1990’s (John, 2018, p. 4) I theorize that the 

public policy process is an algorithm whose purpose is the generation of solutions to public 

goods allocation problems. This thesis also reconnects with Lasswell’s original 

recommendations that the study of both the content and form of the policy making process 

should be problem oriented, inter-disciplinary and normative. The focus here has been on the 

form of public policy making which I conceptualise as algorithmic (problem oriented), inter-

disciplinary (social science, mathematics, ethics and information science) and normative 

(public values). 

1.8 Dissertation Structure 

The thesis is structured as follows: 

Chapter 1: Introduction 

Overview, problem statement, contributions and a definition and distinction between 

imperative and declarative processes. An initial discussion of the core research questions 

arising from the disconnect between policy process theory and process science. 

Chapter 2: Process Science 

A review of several literatures, especially within computer science and business 

administration that are not normally associated with the policy process theory literature. A 

linking of the contemporary problem-solving orientation found in the public administration and 
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policy process literatures to the much longer tradition of an algorithmic orientation found in 

the mathematics and computer science literatures. A discussion of the contribution of the tools 

evolved in the process science literature to the reconfiguration of the global labor force and the 

consequences of unregulated globalization. 

Chapter 3: Normative Theories of the Governance Process 

A contrasting of the distinctively normative orientation of governance as a process 

found in the political science literature compared to the value-free business process 

management orientation found in the business administration literature. A discussion also of 

political science’s normative critique of the emergence of managerial NPM policy making 

regimes and the growing dominance of value free rational choice models of policy making 

actors.   

Chapter 4: A Babble of Policy Making Theory 

A review of the classic policy process theory literature in terms of Lasswell’s criteria 

of problem orientation, an inter-disciplinary approach, and a normative intent. In general, it is 

found that Lasswell’s criteria are under theorized although there is a great deal of variation in 

how these criteria are treated by the alternative theories. After Howlett et al.  (2015, 2017) and 

Goyal and Howlett (2020), a demonstration that an intra-disciplinary synthesis of the major 

theories is possible using multiple-streams theory (MST) as an integrating umbrella theory. 

Nevertheless, the chapter concludes that an intra-disciplinary synthesis has many shortcomings 

and that it is time for a much bolder inter-disciplinary synthesis around the declarative process 

paradigm.  

Chapter 5: An Algorithmic Theory of the Policy Process 

The case is made for a bold new algorithmic theory of the policy process built around 

an inter-disciplinary convergence of information science, process science and policy process 
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theory. Includes a discussion of how well an algorithmic approach to theorizing about the 

policy process meets Elinor Ostrom’s criteria of a framework, theory, and a model.  Draws a 

distinction between declarative process theory and the alternative mechanism design and 

algorithmic game theory approaches. 

Chapter 6: Tools & Resources 

A brief overview of popular declarative modelling tools such as DECLARE, DCR 

Graphs, and CMMN. A justification for the use of the DECLARE tool to support the empirical 

parts of the thesis. Discussion of the combinatorial diversity metrics developed in Dukes and 

Casey (2021) and the various tools and computational processes involved in making the 

calculations. A worked example of the declarative process modelling techniques proposed in 

this thesis based around the policy making processes of the mythical Greek pantheon. 

Chapter 7: Case Study: The COVID-19 Global Pandemic 

A declarative analysis of a significant public policy episode is presented for the first 

time. It is found that of the more than 37.5 million decision paths available to the public officials 

confronting the Covid-19 breakout in Wuhan, Hubei province, central China, 37 million 

decision paths would have resulted in a global pandemic. In addition, no support for remedies 

that include increased transparency or meta-governance of the public health emergency 

response process is found. However, qualified support for remedies that include strict control 

of social media access by government scientists, evidence-based decision making guided by 

the best available scientific and other advice, and effective lock-down procedures is found. 

Chapter 8: Open Questions & Future Work 

Several methodological and theoretical questions were placed out of scope in sections 

1.6.2 and 1.6.3. It is shown that addressing these open questions would greatly expand the 

future breath of empirical public policy issues that could be addressed. Similarly, it is shown 
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that expanding the declarative process approach has future implications for many other political 

science sub-disciplines beyond public policy research. 

Chapter 9: Conclusion 

A discussion of the findings of the dissertation in terms of the two sets of theoretical 

and methodological questions laid out in the introduction, chapter 1. How successfully were 

these questions addressed? In general, it is concluded that the divergence between the process 

science and policy process theory research agendas has been to the detriment of both. However, 

there is an opportunity for convergence. Inspired by the hidden connections the dissertation 

uncovered between algorithmic information science and problem-solving theorizations of the 

State the dissertation ends by proposing a new research agenda and asking the question, is 

information science a social science? 

 

.
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2 Process Science 

The application of the tools of declarative process analysis to public policy process 

analysis will be addressed in the case study chapter 7. However, at this point it will be useful 

to take an inventory of the many intersecting literatures that have brought us here. Necessarily, 

this will be a complex and at times unfamiliar story. Ultimately, though, a consideration of all 

of these literatures will make a truly inter-disciplinary synthesis of the policy making process 

possible. Not only that, but a synthesis of these literatures opens up a path for the quantification 

of the distinctively normative problem-solving character of many public policy processes.  

However, such a synthesis is undoubtedly very challenging. As we shall see in chapter 

5, this will involve an inter-disciplinary synthesis at the juncture of political science (policy 

analysis), political theory (normative concepts of legitimacy, accountability, and modes of 

societal coordination), information technology (algorithms and BPM) and mathematics (graph 

theory and enumerative combinatorics). As a simplifying device therefore, I will divide my 

treatment of the relevant literatures into three chapters. In this initial chapter 2, I will primarily 

address the general value-free conceptualisation of the problem solving process as it was 

evolved in the post-war period in the computer science and business administration literatures. 

In chapter 3 I will address the much less general but distinctly normative theory of the 

governance process evolved within political science, also in the post-war period. Finally, in 

chapter 4 I will address the much more specific conceptualisation of the public problem solving 

process that were evolved in parallel, also in the post-war period, in the public policy process 

literature. For readers coming from a public policy or public administration background the 

story presented here in chapter 2 will be much less familiar than the accounts laid out in 

chapters 3 and 4. I will therefore begin by grounding the discussion with a few opening remarks 

contrasting the nature of the concept of problem-solving in the policy process literature with 

the nature of the concept of algorithms in the computer science literature. 
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2.1 The Algorithmic Basis of Public Choice 

What may be termed the problem-solving theory of the policy process, has deep roots 

in the origins of the study of public policy as a distinct discipline. It was, after all, Harold D. 

Lasswell, in the immediate post-war period, who first coined the phrase “problem orientation” 

to capture the essential essence of the public policy making process (Turnbull, 2006, pp. 3-5). 

Later, in a landmark study, Hugh Heclo (1974, p. 305) would observe that “policy-making is a 

form of collective puzzlement on society’s behalf”. To this day the Policy Sciences journal that 

Lasswell founded more than half a century ago even requires its contributors to take a “problem 

oriented . . . approach” (The Editors, 2020). Nevertheless, it takes only the most cursory reading 

of the policy process literature to conclude that problem-solving as an independent theory of 

the policy process has never been fully worked out in the same sense as other policy process 

theories such as the advocacy coalition framework (ACF) or punctuated equilibrium theory 

(PET). Nor have any real links been drawn between it and the process diagramming and 

quantification techniques that have been pioneered in other disciplines.10 Rather, its status is 

more that of a self-evident axiom of common sense that the goals of public policy making are 

public solutions to public problems. It is not a coincidence, for example, that Sabatier finds no 

need for any further explanation when opening the first edition of Theories of the Policy 

Process with a declaration. 

 
“In the process of public policymaking, problems are conceptualized and brought to 

government for solution: governmental institutions formulate alternatives and select policy 

solutions; and those solutions get implemented, evaluated and revised.” (Sabatier, 1999a, p. 3) 

 

 
 

10 Early on, during the evolution of policy analysis as an independent discipline, rudimentary graphical 

schematics were not unusual. See Lindblom (1965, pp. 26-7), and Allison (1971, p. 256). However, these early 

schematics were never taken forward or converged with the diagramming notations being evolved in process 

science. 
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Unfortunately, this pattern of under-theorization now means that the conceptualization of 

problem-solving within the discipline of policy analysis remains “somewhat fuzzy and 

metaphorical” (Thomann et al., 2019, p. 39). This is not the case, however, in what is usually 

considered to be the unrelated discipline of computer science. 

Computer science, which also had its origins as an independent discipline in the 

immediate post-war period, has evolved several much more precise understandings of the 

meaning of problem-solving using a very different vocabulary, perspective and set of tools and 

priorities. In particular, the links between the nature of computational problem solving and 

process diagramming had been drawn as early as 1947 by John von Neuman, one of the key 

figures who founded the modern discipline of computer science, (Goldstine, 1972, p. 267). 

There are, of course, major differences between the disciplines of computer science and public 

policy process analysis. Computer science does not usually use the term problem-solving, for 

example, when referring to computational procedures. Many of the foundational figures of 

modern computer science, including von Neuman, were mathematicians so instead the term 

algorithm, inherited from mathematics, is used. Indeed, as a discipline, computer science has 

often even defined itself as the study of algorithms (Knuth, 1974, p. 323, Denning et al., 1989, 

p. 16). In addition, following centuries of research, there remain major unsettled controversies 

surrounding the precise meaning of the term algorithm (Blass and Gurevich, 2006). 

Nevertheless, at least minimally, an algorithm within computer science is usually understood 

to be an unambiguous sequence of instructions designed to effectively compute a solution to a 

mathematical or computing problem in a finite number of steps (Berlinski, 2000).11  The 

question therefore arises, can the meaning of the term algorithm be extended to the study of 

problem-solving as it relates to public policymaking? In other words, is there a sense in which 

 
11 For the purposes of this thesis, I retain only the effective computation element of this common 

imperative understanding of an algorithm. Instead, I will be using the declarative understanding of an algorithm 

due to Kowalski (1979). 



An Algorithmic Theory of the Policy Process 

28 

 

the public policymaking process can also be said to be an algorithm whose purpose is the 

generation of solutions to public goods allocation problems?  

Of course, in a computational sense, rapid advances in artificial intelligence (AI), 

machine learning and big data computing technologies means that the use of algorithms is 

already widespread as a decision making and solution aid in public life. For example, in the 

UK it is estimated that one third of all local authority public services, from benefit claims to 

child abuse prevention to school place allocation are now delivered using computer algorithms 

(Marsh, 2019). Nevertheless, although the lack of political oversight of this development has 

raised considerable ethical concerns, this use of computer algorithms is still largely 

instrumental and confined to the implementation phase of Lasswell’s famous policy cycle. This 

dissertation, on the other hand, reaches back into a pre-computer age to ask the much larger 

question, can all stages of Lasswell’s policy cycle be best conceptualized as an algorithm? That 

is, can agenda setting or the process of policy making itself also be conceptualized, at least in 

principle, as algorithms?  

An even partial answer to this question will require the weaving together of the decades 

long results from at least three distinct disciplines which rarely collaborate and whose 

literatures do not cross-reference each other. A review of these three literatures and the ways in 

which they have intersected (and failed to intersect), forms the structure of chapters 2, 3 and 4. 

These reviews are first of computer science where, in chapter 2, I will discuss different 

understandings of what algorithms are and their relationship to various process diagraming 

conventions and notations. Secondly, also in chapter 2, I will consider business administration 

where I will discuss this discipline’s co-evolution of process notations and quantification in a 

symbiotic collaboration with information technology. Finally, in chapters 3 and 4 I will address 

various governance and public policy process literatures from political science where I will 

discuss the consequences of a failure to converge a distinct political science theory of process 
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with the diagramming conventions and conceptual components of process science. So, with 

this plan of action in mind, how exactly does computer science understand an algorithm? 

2.1.1 Computer Science Defines an Algorithm 

The advent of the computer age has led to a certain popularization of the term algorithm. 

For some, algorithmic decision making pre-dates the computer age and is “just a finite sequence 

of steps used to solve a problem” (Christian and Griffiths, 2016, p. 3). Others have even claimed 

that not only is the Darwinian evolutionary process an algorithm but “any [natural] process at 

the abstract level [is] an algorithmic process” (Dennett, 1996, p. 59). However, for the purposes 

of this thesis I will not be able to use definitions of an algorithm at such a high level of 

generality. If I am to satisfy my objective of quantifying the policy making process, I will 

require a much more precise formulation instead. Neither will I be able to use any of the highly 

deterministic, imperative definitions of an algorithm common in the mathematics and computer 

science literature. For example, I cannot usefully apply a definition of an algorithm as an 

unambiguous sequence of instructions designed to effectively compute (in a finite number of 

steps) a solution to mathematical or computing problems. Clearly, social processes as complex 

as the policymaking process do not even approximate such a deterministic and imperative 

paradigm. Instead I will retain the notion of an algorithm as effective computation12 but argue 

that a policy making algorithm is best considered to be an adaptation of Kowalski’s (1979) 

rules-based definition of an Algorithm = Logic + Control. This essentially declarative 

definition of an algorithm was conceived at a time when the first AI computer languages were 

being developed and provides the conceptual bedrock for approaches to declarative models of 

computation to this day. It differs from imperative definitions of algorithms in that to arrive at 

an effective computation the problem domain rules that must be satisfied by the computation 

 
12 The notion of effective computation is at the heart of mathematical understandings of algorithms from 

the early 20th century onwards. Investigations of the properties of effective computation would result in Turing’s 

(1936) conceptualisation of a paper-tape processing machine and the dawn of the modern computer age. 
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have now been split from the problem-solving process of the computation itself. It is this 

declarative definition of an algorithm, I will argue, that can provide a formal, quantifiable basis 

for an institutional and problem-oriented approach to theorizing about the policy process in the 

social sciences. It is in this more precise and limited sense that I mean that the public 

policymaking process can be said to be an algorithm whose purpose is the generation of 

solutions to public goods allocation problems. What, though, did Kowalski mean by saying 

Algorithm = Logic + Control and how did computer science get there? 

2.1.2 An Imperative Definition of an Algorithm 

The meaning of the term algorithm has been very fluid over the course of more than a 

millennium and across several disciplines. It first originated as a Latinization of the surname 

al-Khwārizmī of the 9th century Persian mathematician Muḥammad ibn Mūsā al-Khwārizmī.13 

Al-Khwārizmī became very widely read in Medieval Europe, initially with his treatise on the 

Hindu-Arabic numeral system. Consequently, far into the late Medieval period the initial 

mathematical understanding of an algorithm was simply the decimal number system (Evans, 

2014, pp. 74-75). It was only in the late 19th century that the first of its modern meanings, as 

an unambiguous sequence of instructions designed to calculate the solution to a mathematical 

problem in a finite number of steps, emerged. However, several paradoxes in the foundations 

of mathematics would soon lead to re-formulations of algorithms in terms of what was called 

effective calculability. Ultimately this would lead to Alan Turing’s formulation of effective 

computation in terms of his abstract mathematical model of an infinite tape processing machine 

(Turing, 1937). In a further step, with what has come to be known as the Church-Turing 

hypothesis, an algorithm was considered to be an effective computation that can be 

programmed on any Turing complete machine (Homer and Selman, 2001, p. 34). 

 
13 Technically, al-Khwārizmī is not a surname but a ‘nisba’ or place of origin name. 
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Notwithstanding the paradox of the halting-problem whereby many computer programs do not 

satisfy the definition of effective computation by terminating in a finite number of steps, the 

Turing-Church definition of an algorithm remains popular to this day.14  

Nevertheless, a quite different conceptualization would emerge in the immediate post-

war period. At this time, the first practical realizations of Turing’s abstract mathematical model 

began to emerge. These early electronic computers used a distributed architecture of basic 

building blocks such as a man-machine interface, a processor, memory, and storage. The 

physical architecture of such a computer was called a von Neuman architecture after its 

inventor and its basic blueprint provides the basis of the modern computers that we all now use 

on a daily basis. However, programming the flow of logical instructions through the inter-

connected components of such a distributed architecture would prove to be quite a challenge. 

Consequently, von Neuman and his collaborator Herman H. Goldstine had by 1947 evolved 

their initial crude diagrammatic scrawls into “a highly-sophisticated [graphical] notation still 

in use today” (Goldstine, 1972, p. 266). This graphical notation they called a flow diagram 

which they considered “essential to the task of programming” (Goldstine, 1972, p. 267). By 

the mid-1960’s the nascent computer science discipline would eventually turn this post-war 

engineering pragmatism into a deep insight. In a remarkable result from the theory of schematic 

computation, Böhm and Jacopini (1966) would prove that every algorithm can be encoded as 

a flowchart of sequence statements, if-conditions and while-loops. In other words, any 

algorithm is equivalent to an imperative process diagram. 

 
14 Although Turing’s famous 1937 paper is now often cited in terms of its foundational contribution to 

the origins of computer science and I have drawn out the links to algorithmic theory, this was not Turing’s 

intention. Deep paradoxes in the foundations of mathematics had led David Hilbert (1929) to ask the questions is 

mathematics complete, consistent, and decidable. Kurt Gödel (1931) had already shown that mathematics was 

both incomplete and inconsistent. Turing showed, by means of his universal machine, that the answer to Hilbert’s 

final question, also known as the Entscheidungsproblem, was that mathematics was also undecidable.  

https://www.historyofinformation.com/expanded.php?id=721
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2.1.3 A Declarative Definition of an Algorithm 

In a further twist, the 1970’s would see the rapidly developing discipline of computer 

science introduce a rival declarative formulation of what is an algorithm, and it is this 

formulation that provides the focus for this thesis. The Böhm and Jacopini result had evolved 

out of the structured programming paradigm where the basic building blocks of programs were 

sequences, branches, and loops. Programmers had to encode all the allowed behaviours of their 

programs prior to the run-time execution of their programs. Languages such as FORTRAN, 

COBOL and PASCAL fitted this paradigm well and they found a wide application in business, 

science, and engineering. However, such languages proved to be a poor fit when applied in the 

emerging field of artificial intelligence (AI). Encoding all the possible behaviours of a 

computer expert system using structured programming techniques prior to the execution of the 

program at run-time, for example, proved to be unrealistic. Instead, Robert Kowalski and others 

proposed a new declarative paradigm whereby the knowledge domain rules of an expert system 

could be encoded separately from the control flow of the program. It would simply be necessary 

for the programmer to declare the rules or constraints that the program should satisfy, and it 

would be the computer, not the programmer that worked out the allowed behaviours at run-

time. This new paradigm led to the development of several new programming languages such 

as LISP and PROLOG. In a now famous paper Kowalski (1979) laid out the principles of this 

new declarative approach to the construction of an algorithm and titled the paper Algorithm = 

Logic + Control to underline the difference between the declarative and imperative approaches. 

2.1.4 Modal Logic, LTL and its Limitations 

For the purposes of this thesis, we must address one remaining contribution from the 

discipline of computer science. Temporal logic is one of a class of logics called modal logic, 

all of which qualify in some way classical modes of reasoning. There are many possible modal 

logics, but temporal logic allows reasoning about propositions qualified in terms of time and 
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this has proven very powerful in several disciplines. It was Arthur Prior, a logician and 

philosopher, who first extended the familiar classical propositional connectors such as implies 

(→), and (∧), or (∨), not (¬). He wanted to reason more formally about free will and 

predeterminism and to do so he introduced the first formal temporal logic by including two 

new temporal connectors F and P, corresponding to ‘it will be the case that’ and ‘it has been the 

case that’ (Prior, 1957). Several decades later, Amir Pnueli, would extend Prior’s ideas and take 

them out of the realm of metaphysics and into computer science by proposing a system of logic, 

he called Linear Temporal Logic or LTL. This he used for the formal verification of the highly 

concurrent operating systems of the mainframe computers of his day (Pnueli, 1977). For 

example, if an application made a request for some resource then the operating system should 

eventually grant access to that resource. However, if two applications make a request 

simultaneously for the same resource then access to that resource should be denied. LTL made 

it possible to reason about these and other systems level temporal interactions. Later in the 00’s 

as the first declarative process modelling notations and tools emerged it was realized that LTL 

could be used for temporal reasoning not only of systems interactions but also the process 

interactions of more complex business rules, business actors and business activities than was 

possible with imperative business process modeling tools. That is the origins of the DECLARE 

business process modeling language (Pesic et al., 2007, van der Aalst and Pesic, 2006), a 

business oriented declarative process modelling tool.  

In a further step I propose that the DECLARE tool, underpinned by LTL modal logic 

can also be used to model not only more complex business processes but, also in a public 

administration and political science context, several stages of Lasswell’s policy cycle. For 

example, when modelling the implementation and policy making stages of the policy cycle, 

instead of saying that if Ministry x decides A then Department y does B, we might want to say 

more realistically that if Ministry x decides A then Department y eventually does B. In this way 
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we can introduce a certain temporal contingency on events and multiplicity of decision paths 

which is so characteristic of a decision-making process as complex as the policy cycle. Further, 

temporal reasoning is also useful when comparing the effects of widely varying governance 

styles on the conduct and outcomes of the implementation and policy making stages of the 

policy cycle. For example, for comparative purposes we may want to place governance styles 

on a continuum from regimes dominated by flexible but fully enabled and effective 

metagovernance, through ineffective regimes that are the dominant mode of governance in 

areas of limited statehood, through inflexible but highly effective command-and-control 

regimes that are the dominant authoritarian governance style. In this context, we might want to 

say, respectively that Department y is fully enabled to do B without waiting for an order A from 

Ministry x (metagovernance), or Ministry x can decide A with no realistic expectation that 

Department y eventually does B (limited statehood), and even the variation that we started with 

that if Ministry x decides A then Department y eventually does B (command-and-control). 

Tools such as DECLARE, underpinned by LTL temporal logic, allow us to reason about and 

model and quantify the effects of widely differing governance styles on several stages of 

Lasswell’s policy cycle in precisely this way. 15  In chapter 7 I expand on this point and 

demonstrate its utility using the concrete example of Chinese public health policy response to 

the Covid-19 pandemic of 2020/21.  

However, there are limits to this approach. For example, in the highly politicised agenda 

setting stage of the policy cycle, model logics, built around concepts such as argumentation 

and persuasion such as those proposed by Toulmin (1958), Searle (1969), (Walton and Krabbe, 

1995) and (Dung, 1995) may be more appropriate than, or at least compliment LTL. For 

 
15 Another possible application is the modeling and quantification of political order in international 

relations. For example, in principle Abbott at al.’s (2015) concept of “orchestration” by which international 

organizations maintain a global rules based order, could be formally modelled, and quantified in terms of 

declarative LTL rule sets. 
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example, we might want to say, if Interest Group z using their arguments C can persuade 

Ministry x to decide A then department y eventually does B.  Although this is out of scope of 

the present thesis, it is substantially this claim I will be making in section 5.2.4 that a similar 

technique but using other modal logics, either in combination with LTL or alone, can be used 

to model all parts of Lasswell’s policy cycle. Whatever modal logic is used, however, a 

declarative approach to policy process analysis, or algorithmic construction for that matter, is 

not without its technical challenges. A declarative process diagram can encode a very large 

number of policy process decision paths indeed and it is this characteristic of the declarative 

process approach that creates such a significant methodological challenge. Fortunately, an 

effective calculation of this large number of policy process decision paths turns out to be a 

problem that can be reformulated in terms of enumerative combinatorics and Shannon 

information entropy so this dissertation will rely in part on the basic results derived in Dukes 

and Casey (2021). 

2.1.5 Algorithm = (Modal) Logic + Control 

We have come full circle. In a remarkably similar definition to Lasswell’s separation of 

knowledge in and knowledge of the public policy problem-solving process, Kowalski defines 

an algorithm as: 

 
“An algorithm can be regarded as consisting of a logic component, which specifies the 

knowledge to be used in solving problems, and a control component, which determines the 

problem-solving strategies by means of which that knowledge is used.” (Kowalski, 1979, p. 

424) 

 

However, Lasswell also tells us that there is a separation of the logic of the policy domain 

subject matter whether, for example, it be social or economic policy, from the control of the 
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policy decision making process through constitutional, electoral, ministerial, and 

administrative procedures. As Lasswell himself puts it: 

 
“We say that the policy sciences are concerned with knowledge of and in the decision processes 

of the public and civic order. . . . Knowledge of the decision process implies systematic, 

empirical studies of how policies are made and put into effect. . . . No one doubts that the 

realism of a decision depends in part on access to the stock of available knowledge [in] . . . 

political security, economic stability, public health . . . mass communication, education, family 

planning, human rights, the prevention of criminal conduct, or whatever.” (Lasswell, 1971, pp. 

1-2). 

In other words, Lasswell’s near contemporaneous definition of knowledge in the 

problem solving policy process can be said to equate with Kowalski’s definition of logic in the 

problem solving algorithmic process. Similarly, Lasswell’s equally contemporaneous 

definition of knowledge of the problem solving policy process can be said to equate with 

Kowalski’s control of the problem solving algorithmic process.16 Further, if we can find a way 

of making an effective calculation of a declarative process model that terminates in a finite 

number of steps, then we can extend Kowalski’s computer science insight into the nature of 

algorithms to make the claim that a declarative model of the public policy process can be 

considered an algorithm of the form Algorithm = (Modal) Logic + Control. Not only that, but 

we can also make the further claim that the graphical representation of such an algorithm in a 

declarative notation such as DECLARE is equivalent. It is out of the scope of this thesis to 

provide a mathematical proof for this declarative case similar to Bohm and Jacopini’s proof for 

 
16 Kowalski’s (1979) definition of an information science algorithm and Lasswell’s (1971) definition of 

the process of public policy problem solving could be considered even more contemporaneous if consideration is 

taken of the references on which they drew. Kowalski for example refers to Codd’s (1970) seminal paper on 

relational databases (the technology on which Oracle Corporation was founded) as a clear example of the 

algorithmic separation of logic and control. “Database systems should be regarded as consisting of a relational 

component, which defines the logic of the data, and a control component, which stores and retrieves it” (Kowalski, 

1979). 
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the imperative case. For the time being this must remain a conjecture. Nevertheless, whilst we 

have addressed the algorithmic and modal logic components of this conjecture there remains 

the graphical process notations component. Where did these graphical process notations come 

from and why did their deployment become so tightly bound to the needs of globalizing capital? 

To answer that question, we must review the business administration literature. 

2.2 Business Administration Limits the Scope of Process Science 

The evolution of process science was driven by practical men and women. They were 

a largely anonymous army of unregulated engineers, business consultants, computer scientists 

and standards bodies. As such, their central concerns were for the most part the instrumental 

ones of the operational cost, profit, and efficiency of industrial engineering and business 

production processes. In an applied sense, process science has proven to be extraordinarily 

successful. It has been instrumental in re-shaping the global economy and most of our 

experiences of the modern work-place. However, its theoretical impact has been largely 

confined to social science disciplines such as operational research, industrial engineering, 

information technology and business administration. Traditionally, process science has not led 

to the modelling or quantification of the usually much more normative concerns of other social 

science disciplines such as political economy, public administration, and public policy. For 

example, although process science provides a means of quantifying the productivity 

improvements brought by a new division of labor in the internet age, it does not provide a 

means of quantifying its social effects. Neither does it provide a means of quantifying the 

normative properties of legitimacy, accountability, or transparency of the highly fragmented 

public governance processes of public administration and public policy making that are so 

characteristic of the internet age.  

It is tempting to blame this limiting of the scope of process science entirely on the 

technical challenges that would be involved in extending its scope to the requirements of 
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disciplines such as public policy process analysis. Indeed, this is a core argument of this thesis. 

However, this argument can provide only a partial explanation for the current exclusion of 

many social sciences from the scope of process science. Commencing in the 1930’s there has 

also been an increasing specialization in the disciplines of political economy, economic theory, 

political science and business administration. Lionel Robbins, for example, in a highly 

influential essay from that period, advocated the splitting of the technical arts such as business 

process analysis,17 and even the traditional study of the division of labor, from the economic 

theory curriculum (Robbins, 1935, pp. 31-7). This trend towards intra-disciplinary 

specialization has had many unfortunate consequences. Traditionally, for example, a shared 

vocabulary and conceptual framework from the Victorian age of mechanized industrialization 

had made it possible for political economists such as Karl Marx to balance arguments that 

quantified the productivity improvements brought by the division of labor with counter 

arguments that quantified its worst social effects. By the 1990s with an increasing divergence 

in the vocabulary and conceptual framework of the disciplines of political economy, economic 

theory, political science and business administration, this was no longer possible. Consequently, 

the social effects of the unprecedented re-organization of the global labor force that was 

ushered in by the internet age, went without an effective challenge by both mainstream 

economic orthodoxy and what would come to be called new political economy. For the time 

being, we will put this theme to one side, but we will return to it again in section 2.3. First 

though, what exactly have been the technical obstacles to broadening the scope of process 

science to the needs of the public policy process research agenda? To answer that question, we 

must first review the symbiotic process by which process science became embedded in the 

business administration literature. 

 
17 Robbins called business process analysis motion study after Taylor which was how business process 

analysis was understood in Robbins’s day. 
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2.2.1 The Evolution of Imperative Process Modelling Tools 

The increasing complexity of the management of large-scale public works in the US 

had already resulted in the first graphical project management tools in the form of Gantt charts 

by the 1910s. However, it would not be until the 1920s that Flow Charts that could graphically 

model the more general production processes that were accompanying rapid US 

industrialization were first formally introduced. In his prison writings in the Fascist Italy of the 

1930’s, Antonio Gramsci famously became an early critic of these American and Fordist 

production techniques that would be subsequently introduced in Europe. However, despite 

Gramsci’s ire for Taylorism’s “mechanization of the worker” (Gramsci, 1971, pp. 308-10) it 

was not Taylor that would be first to standardize the process charts and process symbols that 

would be at the heart of the time and motion efficiency drives that Gramsci so forcefully 

critiqued. Instead, it would be Taylor’s erstwhile colleagues and subsequent rivals, the husband 

and wife team of Frank and Lillian Gilbreth who presented the first systematic set of workplace 

process modelling symbols to the American Society of Mechanical Engineers (ASME) 

(Gilbreth and Gilbreth, 1921). Neither did the Gilbreths 1921 presentation to the ASME 

represent a simple professional break with Taylor but instead something conceptually much 

deeper. Taylor’s stopwatch and clipboard emphasized management’s role in reducing worker 

time to improve efficiency and profit in time and motion studies. The Gilbreths instead 

emphasized the reduction in worker motions that would accomplish the same goal, but at the 

same time safeguard the dignity and well-being of workers in a collaborative effort with 

management. Consequently, in contrast to Taylor’s stopwatch the Gilbreths original symbol set 

even had a seated stick-man pictogram that could represent worker-rest or break-time during 

complex engineering production processes. 

Notwithstanding the fundamental differences in approach to scientific management 

between the Gilbreths and Taylor, the Gilbreths' process diagramming conventions quickly 
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found their way into industrial engineering curricula. By the late 1930’s, anticipating a shift in 

the American work-force from blue to white collar occupations, the Gilbreths’ industrial 

process diagramming conventions also found their way into mainstream office work practice.18 

For example, in 1937, an industrial engineer, Allan H. Mogensen joined forces with Lillian M. 

Gilbreth and began to train business managers in the use of the Gilbreths’ industrial engineering 

process modelling tools at his Work Simplification Conferences in Lake Placid, New York. 

Two 1944 graduates of Mogensen’s conferences would be instrumental in the re-engineering 

of American office work. On the one hand, Art Spinanger took the Gilbreths’ diagramming 

conventions and techniques back to Procter and Gamble where he developed their Deliberate 

Methods Change Program. On the other hand, Ben S. Graham, in his role as director of 

paperwork simplification at the Standard Register Industrial company, adapted the Gilbreths’ 

industrial techniques to the needs of corporate information processing with his development of 

the multi-flow process chart (Graham, 2004, pp. 1-7).  

Soon after, in 1947, the same year that von Neuman & Goldstine had independently 

invented the flow diagrams that they considered essential to the task of programming early 

electronic computers, ASME finally adopted a standardized process modelling symbol set 

derived from the Gilbreths’ original 1921 presentation. It was called the ASME Standard: 

Operation and Flow Process Charts. Building on the Gilbreths’ pioneering work, process 

diagraming conventions more focused on the requirements of modeling white-collar business 

processes rather than blue-collar industrial engineering processes began to follow. Functional 

Flow Block Diagrams and PERT charts, for example in the 1950s and Data Flow Diagrams and 

IDEF in the 1970’s. By the early 1990’s, Davenport’s call for a 10-fold improvement in 

business process efficiency and a global re-engineering of the work-place though information 

 
18 The Gilbreths also found their way into post-war popular culture. In 1950 Hollywood turned the 1920’s 

domestic life of the Gilbreths raising their famously large family of 12 children using time and motion industrial 

engineering principles into a popular movie, ‘Cheaper by the Dozen’. 

https://www.wikiwand.com/en/Industrial_engineering
https://www.wikiwand.com/en/Allan_H._Mogensen
https://www.wikiwand.com/en/Lake_Placid,_New_York
https://www.wikiwand.com/en/New_York_(state)
https://www.wikiwand.com/en/Procter_and_Gamble
https://www.wikiwand.com/en/Benjamin_S._Graham
https://www.wikiwand.com/en/ASME
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technology (Davenport, 1993, cf. Hammer and Champy, 1993) would in time result in a 

proliferation and repurposing of process modelling tools including UML, YAWL, Petri Nets, 

EPC, BPMN and CMMN (Lee et al., 2009).  

Nonetheless, Gramsci was right about one thing. The “brutal cynicism” of Taylorism’s 

new methods of production was “a phase which will itself be superseded” (Gramsci, 1971, p. 

302). In an Orwellian twist, scientific management would not only find favour with a rapidly 

industrializing United States. Taylor’s production principles would also be enthusiastically 

embraced by a rapidly industrializing Soviet Union where it “assumed a monstrous form 

[where] all the potential flaws of the system became visible, and the consequences were 

suppressed by force” (Merkle, 1980, p. 125, pp. 103-35, cf. Sochor, 1981). In an attempt at 

countering this trend, the Gilbreths had already in December 1920 delivered An Indictment of 

Stop-Watch Time Study at a Taylor Society meeting in New York (Nadworny, 1957, p. 31). In 

a long career, spanning 44 years after the death of her husband, Lillian Gilbreth19 would also 

find herself continually defending the dignity and interests of workers and homemakers and 

promoting a human dimension to the scientific management approach as it evolved into a 

profusion of business management system successors (Sullivan, 1995, Tietjen, 2020). Many of 

these newer business management systems including efficiency management, operations 

research, business process re-engineering and many others would themselves be supported by 

proprietary business process modelling and diagramming tools and were themselves as 

vulnerable to management miss-use as scientific management had ever been. Indeed, it is easy 

to see the Gilbreths 1920’s warnings of the dangers of a one-sided interpretation of scientific 

 
19  A pioneer in what would later become known as the disciplines of ergonomics and industrial 

psychology, Lillian Gilbreth would go on to advise five US Presidents. This included advising on work-sharing 

during the Great Depression and on women in the workforce and Naval production during World War II. She 

would be awarded 22 honorary degrees, hold numerous patents for domestic appliances including foot-pedal waste 

bins and egg and butter trays on the inside of refrigerator doors and be credited with inventing the concept of the 

kitchen triangle. She was the first female professor in the engineering school at Purdue University, the first woman 

elected to the National Academy of Engineering, the second woman to join the American Society of Mechanical 

Engineers and until 2005, she was the only woman to be awarded the Hoover Medal for “recognition of the 

principle that management engineering and human relations are intertwined" (ASME, 2021). 
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management, lacking in a human dimension, reflected in Davenport’s (1995) much later article 

The Fad That Forgot People. Commenting on the 1990’s hijacking of his own concept of 

business process re-engineering to justify a wholesale downsizing of the American workforce, 

history really was shown to repeat itself, forcing Davenport to comment: 

 
"When I wrote about "business process redesign" in 1990, I explicitly said that using it for 

cost reduction alone was not a sensible goal. And consultants Michael Hammer and James 

Champy, the two names most closely associated with [business process] reengineering, have 

insisted all along that layoffs shouldn't be the point. But the fact is, once out of the bottle, the 

reengineering genie quickly turned ugly.” (Davenport, 1995) 

 

2.2.2 The Emergence of Declarative Process Modelling Tools 

The rapid commercialization of the internet since the early 2000’s has had many far-

reaching consequences. However, for the purposes of this thesis, the most important one is the 

gradual giving way of the Gilbreths traditional imperative process paradigm to a new 

declarative process paradigm. Indeed, by the turn of the millennium, it had become increasingly 

clear that the imperative process paradigm, although a good fit for modelling many routine 

manufacturing and clerical processes, was a poor fit for modelling knowledge workers in the 

professions. A much better fit was the declarative process paradigm. Several different 

approaches and tools have been proposed but what they all have in common is that they provide 

a means of modelling what should be done, not how it should be done. In fact, as we shall see, 

the modelling of complex public policy and other public governance processes in this way may 

be the only practical way where even the simplest policy process can quickly run into many 

millions of decision paths.  

One popular declarative modelling tool that has emerged is DECLARE. It supports 

several declarative languages such as ConDec and DecSerFlow that are underpinned by a user 



2. Process Science 

43 

 

configurable LTL constraint-based paradigm (Pesic et al., 2007). This is the declarative tool 

and approach that is used throughout this thesis. The reasons for choosing DECLARE are 

discussed in section 6.1.1 but it is important to note that it is not unique and several other 

competing declarative process modelling tools and approaches emerged in this post-

millennium period. For example, Dynamic Condition Response (DCR) graphs also uses a 

constraint-based paradigm like DECLARE but relies on a much smaller core set of five DCR 

specific constraints whilst in addition supporting modularization and nesting of sub-processes. 

On the other hand, a very different approach to DECLARE and DCR is taken by the Guard 

Stage Milestone (GSM) notation. Instead of a simple focus on the binary constraints between 

activities, as the name of the notation implies, three new concepts are introduced: guard, stage 

and milestone. Many of the concepts originally proposed in the GSM notation were 

subsequently ratified in the CMMN standard which has rapidly become a de facto commercial 

standard. A comprehensive overview of DECLARE, DCR Graphs, GSM, CMMN and several 

other declarative process modelling tools can be found in Slaats (2020). 

2.2.3 Quantifying Process Models  

It is the modelling of public governance as a declarative process constrained only by 

institutional rules and norms, I propose, that will ultimately enable the quantification of the 

properties of a wide range of socio-political phenomena including, the subject of this 

dissertation, the public policy process. How, though, can the properties of differing public 

policy processes be objectively measured? Can we compare them? Can we make 

recommendations to public policy makers about which public policy processes perform better, 

or at least are likely to produce consistently better results? We must therefore turn to the large 

process metric literature to assess the potential for measurement and comparison of public 

policy processes. 
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2.2.3.1 Imperative Process Metrics 

Imperative ‘process maps’ can be thought of as directed labelled graphs (DLG) of nodes 

and ties. Indeed, it is this similarity to SNA network graphs that lends imperative process maps 

to similar formal measurement and analysis as found in the SNA literature. This is an active 

area of IT research and comprehensive lists of formally defined imperative process map metrics 

analogous to their SNA counterparts such as degree, diameter, size, coupling, cohesion, 

complexity and many others can be found in Makni et al. (2010, pp. 231-235) and Sadowska 

(2015, pp. 63-67). 

Nevertheless, this imperative business process approach to metric construction has its 

shortcomings when transposed to the requirements of public governance analysis. In the first 

place the (business) process metric literature is primarily addressing the concerns of the 

information technology (IT) industry where process maps are widely used as specification 

blueprints for the development of the complex enterprise resource planning systems (ERP) 

used to automate the management of modern corporations. From that perspective many of the 

existing metrics, even where there are direct corollaries in the public administration literature, 

quantify the process maps purely in terms of their cost or efficiency. For example, complexity, 

a property widely studied in the public administration literature (Morçöl, 2012), is routinely 

measured in terms of the ‘readability’ of the process maps in the IT literature as it is believed 

that more readable, less complex maps will result in less costly to develop and maintain and 

more efficient ERP computer systems (Cardoso, 2006). Similarly, loose coupling, also widely 

studied in the public administration literature (Orton and Weick, 1990), is commonly measured 

in terms of the counts of the logical connectors between the branches of activity sequences of 

process maps in the IT literature as it is believed that more modular, less tightly coupled activity 

sequences confer cost and efficiency benefits to the maintenance and lifecycle management of 

the resulting ERP systems (Vanderfeesten et al., 2007).  
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Perhaps, though, the clearest indicator of this IT focus is the large process mining 

literature which has grown up around a reliance on the existence of decades of computer log 

files generated by corporate ERP systems. Of course, although this has succeeded in turning 

the field of business process analysis into an empirical study, important public governance 

processes such as the policy or regulatory process are highly manual, exhibit only very low 

levels of computer automation, and consequently do not lend themselves well to the reverse 

engineering approach of process mining. In addition, although the various cost-and efficiency-

based metrics are of obvious interest to the discipline of public administration they are 

nevertheless unnecessarily limiting and do not address more normative concerns such as 

resilience, legitimacy, transparency, and accountability that are not only core to the study of 

public administration but also core to the study of political science and social science more 

generally. 

2.2.3.2 Declarative Process Metrics 

Notwithstanding these criticisms, the alternative declarative process analysis approach 

to metric construction that I propose is also not without its challenges. In the first place the 

declarative process metric field is very new with only a relatively immature literature. Mike 

Marin, for example, in a survey of complexity metrics for CMMN, one of the new crop of 

declarative process modelling tools, comments “no complexity metrics for declarative process 

models have been proposed” (Marin, 2017, p. 131). Secondly, the declarative process 

modelling paradigm demands quite a break with the graphical analysis techniques of the past 

as the ties are constraints on the nodes rather than connectors between the nodes as is the case 

with the SNA and imperative process analysis approaches. As such, depending on the number 

of activities being modelled, the constraints of a declarative model can encode very large 

numbers of ‘virtual’ ties defining the valid process paths or traces through the declarative 

process graph and this creates a challenging problem in combinatoric analysis. For example, 



An Algorithmic Theory of the Policy Process 

46 

 

the Chinese Covid-19 emergency response case study in chapter 7 identifies more than 37.5 

million decision paths available to the public health officials involved in containing the crisis. 

This is precisely the challenge this thesis must rise to. This thesis must find a way of 

constructing metrics that can meaningfully compare the properties of alternative declarative 

models of policy making and policy implementation given the very large data sets involved. 

2.3 Process Science Reconceptualizes the Division of Labor 

There are undoubtedly considerable technical obstacles in the way of extending process 

science to the needs of the policy process research agenda. However, it would be a mistake to 

believe that this was the only obstacle. There are also considerable conceptual obstacles arising 

from the increasing specialization of the previously related disciplines of political economy, 

economic theory, and business administration. This would have many unfortunate 

consequences for the interpretation of the social effects of an unprecedented period of hyper 

globalization that commenced in the 1990’s. There were dissenting views, all through this 

period, most notably by Dani Rodrik (1997, 2012). However, neither mainstream economic 

orthodoxy (cf. Krugman, 2019) nor what come to be known as New Political Economy 

(Higgott and Payne, 2000) were conceptually equipped to either understand or oppose the 

wholesale reconfiguration of the global economy being enabled by advanced process science 

technologies and organizational practices. 

Since the 1930’s there has been not only a specialization in the methods and techniques 

of process science but also a specialization in the vocabulary and conceptual framework that 

process science once shared with political economy and economic theory. This conceptual 

disconnect has been particularly noticeable in the treatment of the concept of the division of 

labor as the discipline of political economy splintered into the separate specialisms of 

economics, political science, and business administration. As Peter Groenewegen explains, 

Lionel Robins influential Essay on the Nature and Significance of Economic Science (1935) 
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introduced an especially decisive break between the disciplines of economic theory and 

business administration in the 1930s. 

Robbins (1935, pp. 31-7) argued that study of the ‘technical arts of production’ belonged to 

engineering and not to economics or, in the case of ‘motion study’, to industrial psychology 

even if this meant removal of traditional topics like division of labor from economics 

(Groenewegen, 2017). 

The technical art of “motion study” that Robbins was referring to was of course the time and 

motion study of the pre-war Taylorism industrial re-engineering movement. Ultimately the 

technical arts of Taylor’s time and motion study and the diagraming techniques that process 

science would subsequently evolve would become a sub-discipline of business administration. 

Indeed, after Robbins there would remain few if any inter-disciplinary links from process 

science to political economy. This would have many unfortunate consequences.  

Classical political economists such as “Adam Smith and Karl Marx believed that the 

best way to discover the deepest truths of economics was to study the most advanced practice 

of production.” (Unger, 2019, p. 3) In this sense classical political economy had always 

understood that the division of labor was a key enabler of the mechanized manufacturing and 

industrial mass production processes of the industrial age. In 1776, on the very first page of 

The Wealth of Nations, Adam Smith describes how the division of labor enables 10 men to 

increase their productivity 240-fold to produce 48,000 pins per day (Smith, 1776, pp. 109-110). 

In fact, at the dawn of the industrial revolution, Adam Smith’s description of mechanized pin 

making was the first written account of a business process. 

Crucially though, a shared vocabulary and conceptual framework have ensured that 

major economic and social theorists could continue a dialogue on either side of the division of 

labor debate until well into the 1990’s. Smith’s belief in the benign effects of the division of 

labor as an engine of economic growth can be traced through the 20th century writings of Alfred 
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Marshall, Allyn Young, Nicholas Kaldor and Paul Romer (Lavezzi, 2003). On the other hand, 

the contrary view of the malign social effects on mid-19th century factory workers was laid bare 

in the writings of Karl Marx (1867). More than a century later Harry Braverman (1974) would 

perform a similar analysis of the malign social effects of the division of labor on late-20th 

century American office workers.20 

In contrast, what would come to be known as New Political Economy would not be as 

familiar with the most advanced production practices of the current era such as business process 

re-engineering. workflow management and information management. Process science by the 

early 1990’s had not only become a sub-discipline of business administration with few if any 

inter-disciplinary links to political economy. It had also evolved by this time a distinct 

vocabulary and a distinct conceptual framework (Hammer, 1990, Davenport, 1993, Hammer 

and Champy, 1993, Weske, 2019). Arguably, it was the evolution of this new conceptual 

framework and the techniques of business process re-engineering that made the unprecedented 

globalization of the word’s workforce and economy commencing in the 1990’s possible. 

Nevertheless, journals such as New Political Economy, established in 1996, through successive 

waves of corporate downsizing, outsourcing, offshoring, rightsizing and robotics, to the 

introduction of advanced AI’s in the 2020’s continued to address the social effects of 

globalization in terms of the older concept of the division of labor. Newer concepts such as 

business process re-engineering and workflow management were absent from their frame of 

reference.21 Consequently, there has been a much less effective foil to the more damaging social 

effects of an extraordinary period of hyper-globalization than might otherwise have been the 

case. Mainstream economic orthodoxy, having long severed its conceptual links to business 

 
20 More recent analysis of the social consequences of a new division of labor brought about by the 

introduction of alternative work arrangements and the gig economy in the early 21st century have proven to be 

inconclusive (Katz and Krueger, 2019). 
21 A search on the New Political Economy website (https://www.tandfonline.com/journals/cnpe20) on 

the 5th March 2022 returns only a single reference to “Business Process Re-Engineering (BPR)” (Friedman, 2000, 

p. 71). 
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administration and process science, also underestimated the scale of the changes being 

introduced by large corporate interests. Instead, mainstream economics promoted the fiction 

that this period of hyper-globalization was having an only negligible effect on domestic 

employment and living standards of workers in advanced industrial nations (Krugman et al., 

1995). 

Although economic orthodoxy would ultimately be forced to reverse its views 

(Subramanian and Kessler, 2013, Krugman, 2019),22  the legacy of a period of ineffective 

opposition to the worst abuses of hyper-globalization have been profound. We live with the 

consequences to this day of institutionalized labor abuses in emerging economies (Ngai et al., 

2016, Robertson et al., 2016); the rise of a populist and nationalist backlash to globalization in 

western economies (Hopkin and Blyth, 2018, Rodrik, 2018, Hopkin, 2020); an inability to tax 

effectively many of the world’s largest trans-national corporations (Beer et al., 2018); an 

historic concentration of capital and rise in inequality (Blanchard and Rodrik, 2021, Chancel 

and Piketty, 2021); and escalating security challenges between States such as China and Russia 

and the US and the UK that had previously been partners in global production processes (Heads 

of State and Government of the 30 NATO Allies, 2021).  

2.4 Conclusion 

Since the introduction of the first commercial computers after World War II, 

information science has been evolving a highly formal process science built around the concept 

of both imperative and declarative algorithms. However, in the post-war period the needs of 

business process analysis came to dominate social science applications of process science 

whilst the needs of public policy process analysis remained largely unaddressed. As a result, 

 
22Subramanian and Kessler would note that “Chinese import competition explains about 16 percent of 

the decline in US domestic manufacturing employment between 1991 and 2000 and 27 percent of the decline 

between 2000 and 2007. Transfer payments for unemployment, disability, retirement, and health care also [rose] 

sharply in exposed labor markets. . . .The deadweight loss of financing these transfers [was] one-third to two-

thirds as large as US gains from trade with China” (Subramanian and Kessler, 2013, p. 21). 
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modern graphical process notations can encode and quantify the instrumental properties of cost 

and efficiency of a business process, but not the normative properties of transparency, 

accountability or legitimacy of the much more complex policy making process. In chapter 3 

we will therefore unravel the very different trajectory with which political science engaged 

with the concept of a process and what the consequences have been of the relative neglect of 

its research agenda by information science. 
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3 Governance as a Process 

In chapter 4 I will address the policy process theory literature. Beforehand, there is one 

other literature, or rather group of related literatures, that we must address. Broadly considered, 

this is the governance literature that rose to prominence within several political science sub-

disciplines during the 1980s and 1990s. Within international relations the concept of 

governance arose to explain the emergence of a global political order of both State and non-

State actors that required no world government. Within comparative politics the concept arose 

as a response to an observed fragmentation of unitary welfare States that accompanied market 

reforms during that period. Consequently, governance is typically distinguished from 

government as “any pattern of rule that arises either when the State is dependent on others or 

when the State plays little or no role.” (Bevir, 2009, p. 3). With a definition of this breadth, it 

should come as no surprise that the governance literature has grown to become a very large 

literature indeed. Nevertheless, for the purposes of this thesis it will be useful to define the 

governance literature even more broadly to include its major influences, for example, pluralism, 

social choice, and new institutionalism. The reason is that unlike the policy process theory 

literature, a very broad range of governance and governance related literatures have self-

consciously addressed important conceptual components of process science over an extended 

period. For example, when analysing the game-theoretic consequences of the prisoner’s 

dilemma (Hardin, 1971, Taylor, 1976, Axelrod, 1984) or the tragedy of the commons (Olson, 

1965, Ostrom, 1990), what may be called the classical social choice literature is addressing 

public problem solving in unmistakeably algorithmic terms. The modern-day revival of this 

literature, called algorithmic game theory is entirely explicit on this point. (Schummer and 

Vohra, 2007, Maskin, 2008, Brandt et al., 2016). Similarly, the various flavours of 

institutionalism can, at their core, be viewed as addressing the consequences of the declarative 

rules that constrain important governance processes (Hall and Taylor, 1996, Lowndes, 1996, 
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March and Olsen, 1984, Peters, 1999, Steinmo, 2008).23 In addition, there has also been a long 

accepted consensus in the governance literature, that governance is a process and policy 

making is a special case of much more generally conceived governance processes (Pierre and 

Peters, 2020, pp. 12-14). 

Governance and governance related literatures within political science can therefore 

certainly be said to have addressed process-theoretic topics largely absent from the 

predominantly business oriented process science literature. However, this is not to suggest that 

the formal tools, modeling techniques and metrics of process science have had much impact 

on these governance and governance related literatures, they have not. Only the vocabulary of 

process science can be said to have permeated this literature. It is in this limited metaphorical 

sense, that these governance and governance related literatures can be said to have evolved a 

political science theory of process with a distinctive set of priorities and concerns not found in 

the business oriented process science literature. There is, though, a partial exception that I will 

return to later in this section. Although what I will call the Dutch Network Management School 

(cf. de Bruijn et al., 2010, Klijn and Koppenjan, 2016, pp. 271-280, 285-88)24 ultimately did 

take a step beyond process as metaphor and began to draw on many process science concepts 

such as process architecture and process management, this most overtly process oriented 

governance literature never did succeed in integrating formal process notations or quantifying 

its results in any way.  

 
23 Especially historical institutionalists will find it provocative that their preference for thick description 

could be reduced to a system of temporal LTL constraints.  
24 Interestingly, Klijn and Koppenjan (2006) frame their work in terms of the dominant governance 

network paradigm. Nevertheless, in chapter 12 where they offer some practical advice on analyzing governance 

networks, they weight equally a discussion of network relations between actors and the process dynamics and 

institutional rules with which they are constrained. Although Klijn and Koppenjan do not conceptually distinguish 

network and process modelling in the way in which it is done in the process science literature I would argue that 

much of what they present is often a process analysis but trapped in a dominant network theory vocabulary. For 

example, as is common in this governance network literature they frequently flip between using the term 

“governance network” to denote a governance structure and “network governance” to denote a governance process 

(Klijn and Koppenjan, 2006, pp. 10-11). 
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To support the core ideas of the thesis being presented here, and also to place some 

practical limits on a review of a literature of this size, the focus will be on how these governance 

literatures have engaged with Lasswell’s policy science criteria of problem orientation, inter-

disciplinary engagement, and normative purpose. A particular emphasis will be placed on the 

constant tension in this literature between rational and normative approaches to theorizing 

about the governance process that is largely absent from the process science literature. What 

contributions then, has the political science governance literature, broadly conceived to include 

its influences, made to the evolution of a distinctively normative political science theory of 

process that could in principle be leveraged as part of a grand inter-disciplinary synthesis? 

3.1 Pluralism & Process Theory 

An important early contribution to a distinctive political science theory of process was 

made by the political pluralists whose central insight was that “politics is best described as a 

process through which the State responds to the diverse viewpoints and concerns of individual 

citizens” (Gilley, 2009, p. 61). In fact, as early as 1908 Arthur Bentley had entitled his treatise 

on American interest group interactions, The Process of Government (Bentley, 1908). 

Ultimately this paradigm of government as a process would be picked up by the post-war 

American behavioralists in works by Truman (1951), Dahl (1961), Lowi (1964, 1969), 

Wildavsky (1964, 1975), Almond and Powell (1966, 1978), McFarland (1969, 1984, 1992), 

and many others. As Andrew S. McFarland would later comment, “political scientists of that 

era often used the term ‘process’ in book titles and course descriptions” (McFarland, 2007, p. 

48). Indeed, it is often forgotten that the theory of political pluralism that was developed by 

these writers was once the dominant US political science paradigm25 and that in its heyday it 

 
25 The US pluralists’ concept of power did not fit well empirical observations of alternative Westminster, 

European or Latin American models of governance and various corporatist theories were developed instead 

(Schmitter, 1974). 
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was often called process theory (Cochran, 1974, pp. 339-42, Denhardt and Denhardt, 2015, pp. 

72-3, Gilley, 2009, p. 60). 

By the late 1970s however, the theory of political pluralism had fallen out of favor. 

Major criticisms included its assumption that all interest groups could exert equal influence on 

policy outcomes and that the State was always benign and neutral in its coordination of interests. 

From the perspective of this thesis, though, the most important criticism was that the theory 

appeared to allow no room for Lasswell’s normative criteria in policy making. If the public 

interest was simply the outcome of a process of partisan mutual adjustment between competing 

group interests (Lindblom, 1965), then as Frank Sorauf would comment: 

 
"The public interest as a compromise is no longer an interest that men strive for, no longer a 

guide to policymaking, but a post hoc label for the product of their strivings." (Sorauf, 1957, p. 

630) 

Theodore Lowi would go much further in his critique. He saw, in many of the assumptions of 

the process theorists, a recycling of Adam Smith’s invisible hand. The main differences to the 

operation of a market mechanism when applied to an interest group context was that rather than 

regulating supply and demand the invisible hand regulates the mechanism of interest group 

adjustment (Lowi, 1967, p. 12) and “draws the public interest out of the welter of contending 

particular interests” (Lowi, 1969, p. 72). In this sense the pluralists could not be said to have 

arrived at a theory of process that was normatively distinct from economic or business 

administration theories of process. 

One thing the US process theorists did succeed in doing, though, was to bridge the 

input/output black box in David Easton’s political systems theory. Of course, when considering 

a political system, the black box connecting the systems inputs to the outputs is pretty much 

the entire machinery of government and Easton was roundly criticized for this blind spot in his 

grand theory from the beginning. Easton, himself, in his later writings, would concede that a 
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key weakness of his ‘black box model’ was its inability to theorize “the way in which inputs 

were transformed into outputs” (Easton, 1990, p. 14). It would fall to Gabriel Almond of the 

pluralist school to be the first to bridge the input/output black box in David Easton’s political 

systems theory with what was interchangeably stylized as six functions converting inputs into 

outputs or alternatively six conversion processes (Almond, 1965, p. 195). Lacking any process 

modelling tools, however, none of these conversion processes were ever modelled formally. 

Neither were they defined in normative terms. Quite the opposite, Almond’s objective was to 

“push us into realism and away from normative or ideological definitions” (Almond, 1965, p. 

186). Ultimately, by the 1990s, a new generation of pluralist writers would address several of 

the key objections to pluralist theory, especially those concerning the asymmetry of interest 

groups influence and the privileged role of the State. This new pluralist paradigm would come 

to be known as neopluralism (Lowery and Gray, 2004). Interestingly out of this reformulated 

version of the pluralist tradition would come one of the most successful and enduring policy 

process theories, the punctuated equilibrium theory (McFarland, 2004, pp. 55-57, cf. section 

4.4.3 this thesis). 

3.2 Governance as a Game 

Lasswell’s core concern, that policy analysis should above all be problem oriented, can 

be formalized in at least two ways. One, the topic of this thesis, is via the political pluralists’ 

concept of a process, another though, is via the precise mathematical language of game theory. 

To get a sense of the depth of this alternative game-theoretic literature it is worth citing John 

Gerring and Strom Thacker at length:  

 
“There are many variations on this theme - joint decision traps, shirking, underproviding public 

goods, overgrazing, the tragedy of the commons, common-pool problems, collective action 

problems, free-rider problems, prisoner’s dilemmas, transaction-cost dilemmas, and so forth.” 

(Gerring and Thacker, 2008, p. 62) 
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As we have seen earlier, von Neuman pioneered the use of process flow diagrams in 

computer science but the great polymath made many other far reaching contributions and it 

was he also who initiated the mathematical discipline of game theory (von Neuman and 

Morgenstern, 1944). However, the modern-day involvement of game theory in the modelling 

of public problem solving can only be said to have commenced with Mancur Olson’s mid-60s 

publication of the Logic of Collective Action (1965). Olson had advanced the pessimistic thesis 

that unless a group is small or coerced in some way, then the dynamic of rational actors 

optimizing their own self-interests was that it would inevitably lead to sub-optimal outcomes 

in the provision of public goods for the group as a whole. These days, Olson’s logic of 

collective action is more commonly known as The Tragedy of the Commons after Garrett 

Hardin’s socio-ecological metaphor of goatherd overgrazing of common land (Hardin, 1968). 

More importantly, though, Olson’s logic of collective action would soon be shown by Garrett 

Hardin’s namesake, Russell Hardin, to have exactly the same logical structure as an un-

cooperative n-player prisoner’s dilemma game (Hardin, 1971, 1982). 

The mathematical precision of Russell Hardin’s analysis invited a flurry of scholarship 

and soon various solutions, identifying the technical conditions under which self-interested 

social actors would nevertheless cooperate in prisoner’s dilemma games in the absence of a 

central Leviathan would follow (Taylor, 1976, Axelrod, 1984, Taylor, 1987). Finally, Elinor 

Ostrom would not only provide another possible technical solution to self-interested 

cooperation (Ostrom, 1990, p. 15-18) but point out that after exhaustive empirical study she 

had found a very wide variety of alternative sets of institutional rules that could also foster 

community cooperation in the self-governance of public goods (Ostrom, 1990, pp. 58-178, 

182). 

Ostrom proved to be a powerful critic of game-theoretic approaches that captured only 

the one-dimensional utility maximizing behaviors of the actors involved. However, her central 
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thesis remained that “the theory of rational choice, especially game theory, can be used as a 

method of analysis to study not only competitive situations involving the exchange of private 

goods, but also [other] social dilemmas” (Lara, 2015, p. 574). The key difference between 

Ostrom and many of the other rational choice game theorists was that she both “strongly 

advised” that institutional analysts learn the working assumptions of rational choice game 

theory and “explore alternative assumptions about human behavior” (Ostrom, 2005, pp. 101, 

103). Ostrom’s own proposal for an alternative model of human behavior was based on the 

deontic categories of obligation and duty rather than self-interested utility maximization. 

Actors reasoning deontically about whether they must, must not, or may adhere to social 

coordination rules sets, she thought, modelled far more realistic collective choice games that 

may produce better outcomes for the participants (Crawford and Ostrom, 1995, pp. 584-5). In 

fact, the identification of “rule changes that lead to improved outcomes, or, in a word, reforms” 

(Gardner and Ostrom, 1991, p. 122) was central to Ostrom’s policy analysis project.26  Of 

course, Ostrom was acutely aware that relaxing the simplifications of classical game theory by 

adding in the ‘deltas’ needed to model the transaction costs implied by deontic rather than 

utility maximizing behaviors would lead to more realistic but infinitely more complex models 

(cf. Ostrom, 2005, pp. 121-123, 137-174). In parts of her writing there is therefore a note of 

caution concerning the technical obstacles to a game-theoretic approach. For example, if actors 

could dynamically adapt the institutional rules of what she called an action situation 27 

according to changing circumstances, then: 

 
26 As it was for Jeremy Bentham. Usually thought of as the founder of modern utilitarianism, towards 

the end of his life Bentham also coined the term deontology (Bentham, 1834). Bentham often referred to the 

deontic logic of duty and obligation as the logic of the will and understood it to be distinct from classical 

propositional logic. In his own words “a particular branch of logic, untouched by Aristotle” (Bentham, 1782, pp. 

21-22). Gardner and Ostrom (1991, p. 122) would acknowledge as much. “It seems hardly a coincidence that 

Bentham coined [both] words such as ‘deontological’ and ‘maximization’. Bentham was first and foremost a 

reformer. . . . One could say that the policy interest of our work is the reform of certain naturally occurring 

games’’. See also Moreso (2015) for a discussion of Bentham’s deontic logic and its influence on his moral 

philosophy. 
27 For Ostrom, the working parts of an action situation that communities of actors engaged in, is “similar 

to the elements identified by game theorists to construct formal game models” (Ostrom, 2005, p. 34). 
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“Given the logic of combinatorics, it is not possible for anyone to conduct a complete analysis 

of the expected performance of all the potential rule changes that could be made in an effort to 

improve the outcomes achieved.” (Ostrom, 2005, p. 243) 

 

Despite Ostrom’s caution, by the early 2000s, a modern-day convergence of 

institutional economics with computer science called algorithmic game theory, was already 

tackling the “prohibitive” technical challenges involved in computing the outcomes of more 

complex collective choice games (Brandt et al., 2016, pp. 7-8). This computational turn seeks 

to devise alternative strategy-proof rule sets called “mechanisms”, in various important policy 

domains (Hurwicz and Reiter, 2006, Maskin, 2008). For example, the rules of contemporary 

State radio spectrum auctions are designed so that telecommunications companies acting in 

their own commercial self-interests cannot strategically game the auction to their advantage 

(Roughgarden, 2016, p. 97-112). On the other hand the game theory community has been much 

less successful in achieving a global consensus on rule-sets which ensure that self-interested 

sovereign nations have no incentive to violate international agreements on carbon emissions 

(cf. Chander, 2018, pp. 233-72). An international agreement on the precise form of the Article 

6 mechanisms prescribed in the 2015 Paris Agreement on climate control has consequently 

remained elusive (Evans and Gabbattiss, 2019).  

Clearly though, the cornerstone of the algorithmic game theory approach remains the 

assumption that actors are self-interested, and that the purpose of rule-sets is to reduce or 

eliminate the strategic pathologies that lead to sub-optimal collective outcomes. It is difficult, 

therefore, to avoid the conclusion that, despite Ostrom’s warnings to the contrary, the direction 

that modern algorithmic game theory has taken is to double-down on self-interested rational 

choice. 
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3.3 Political Science invents an Institutional Grammar 

Ultimately, in chapter 5, I will disagree with both Ostrom and the algorithmic game 

theorists that game theory is necessarily the most appropriate modelling approach to the social 

dilemmas of policy coordination and public problem solving. Instead, I will be proposing 

declarative process modelling as a more general and more inclusive modelling approach that 

has the potential to address a much wider range of policy questions than is possible with game 

theory. I am also much more optimistic than Ostrom that future advances in computing and the 

underlying combinatorics involved will allow a much broader class of policy issues to be 

addressed than is currently possible using either approach. However, one little known aspect 

of Ostrom’s work, her collaboration with Sue Crawford on A Grammar of Institutions 

(Crawford and Ostrom, 1995) requires further elaboration. 

What came to be known as New Institutionalism (NI) is not a consistent, unitary, 

theoretical framework. In a public policy context, NI distinguishes itself from Old 

Institutionalism in that its focus is on the rules, norms and practices that influence policy rather 

than the legislatures, courts and executives where that policy is decided (Cairney, 2012, p. 69). 

As such, most NI theorists can find common ground that institutions are the societal rules that 

“structure and shape behavior and outcomes” (Steinmo, 2008, p. 118). However, the writers in 

the main traditions of NI can differ markedly in points of detail. For rational choice 

institutionalists, especially those framing public policy dilemmas in terms of game theory, the 

institutions shaping human interaction are quite literally the formal and informal “rules of the 

game” (North, 1990, p. 3). Sociological institutionalists on the other hand, with an interest in 

the organizational politics of systems of governance, often define institutions much more 

broadly, as “not just formal rules, procedures or norms, but the symbol systems, cognitive 

scripts, and moral templates that provide the ‘frames of meaning’ guiding human action” (Hall 

and Taylor, 1996, p. 947). Historical institutionalists, take yet another, often much narrower, 
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and overtly political science view of institutions as “the formal or informal procedures, routines, 

norms and conventions embedded in the organizational structure of the polity or political 

economy” (Hall and Taylor, 1996, p. 938). 

Ostrom differed again, and considered institutions to comprise three main categories, 

including strategies, norms and rules, that broadly subsumed the categories common in the NI 

literature. For Crawford and Ostrom all NI definitions had their merits but the difference was 

that their more precise grammar provided an unambiguous and uniquely operationalizable 

definition that met a “need for a consensus in the use of terms” and for “synthesizing findings 

from the different subfields” (Crawford and Ostrom, 1995, p. 589). It was in this context that 

Crawford and Ostrom presented their unique ADICO syntax. ADICO is an acronym for the 

five subcomponents that make up any institutional statement. Attribute (A) is a value or 

variable of an actor to which the institutional statement applies. Deontic (D) is one of three 

modal verbs signifying whether an action is mandatory (must), forbidden (must not) or 

permitted (may). Aim (I) is a verb that describes the goal or outcome of the institutional 

statement. Condition (C) defines when, where or how an action must, must not or may take 

place. Or else (O) is the sanction that will be imposed if a rule is not followed. This component 

syntax provides a sliding scale for strategies (AIC), norms (ADIC) and finally rules (ADICO) 

where the inclusion of an “or else” clause makes the rules enforceable. 

Crawford and Ostrom’s rather precise definition of an institutional statement is unique. 

No doubt, the Gilbreths, or anyone else coming from an international standards background 

would instantly recognize it as a protype standard, especially in the context of attempts to 

maintain and evolve the grammar at Ostrom’s Workshop at Indiana University Bloomington. 

It is not a coincidence that several of the few published applications of the grammar have been 

in the computer simulation literature. However, despite its significance, from the perspective 

of this thesis there are a number of issues. In the first place, the grammar never found an 
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audience for its intended purpose. Crawford and Ostrom are explicit on this point. “Game” is 

mentioned no less than 83 times in their paper. From Crawford and Ostrom’s perspective, the 

expected application for the ADICO syntax is for the formal modelling of collective action 

games (Crawford and Ostrom, 1995, p. 591-5). However, Crawford and Ostrom’s paper lay 

dormant for 15 years and in its first application it was used to structure a comparative text 

analysis of US transportation and abortion legislation, not for game-theoretic analysis (Basurto 

et al., 2010). Subsequently there have been just 20 applications of the grammar (Lien, 2020, p. 

2) and none of these deployed the grammar for the analysis of collective action games. 

Interestingly, although the grammar has never been used for games specification it has been 

used as the basis of computer simulations three times. Nevertheless, in all three cases, 

procedural rather than declarative modelling languages were used (Smajgl et al., 2008, Frantz 

et al., 2015, Ghorbani and Bravo, 2016).28 

Secondly, and much more importantly, the institutional grammar provides no means of 

formally modelling a governance or policy making process. The assumption is that the 

grammar is to be used to model collective action games and it consequently provides a formal 

deontic modal logic component, as an alternative to rational choice, that constrains the actions 

of actors participating in those collective action games. However, although the condition 

component of the ADICO syntax includes a concept of when an action must, must not or may 

be performed, there is no formal temporal modal logic such as LTL in the ADICO syntax. 

Consequently, the ADICO syntax cannot be used to formally define temporal constraints and 

consequently it cannot be used as a formal basis for the modeling of the temporal sequencing 

of governance and policy making declarative processes. Coincidently, as a result of their 

experiences operationalizing the institutional grammar, Christopher Franz and Sabba Siddiki 

 
28 Netlogo, a procedural (rather than a declarative language) was used by Smajgl et al. (2008) and 

Ghorbani and Bravo (2016). An application agnostic procedural (rather than a declarative) pseudo-code was used 

by Frantz et al. (2015). 
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have recently proposed an extension to the institutional grammar they call the Institutional 

Grammar 2.0 (Frantz and Siddiki, 2021). However, although the proposed context taxonomy 

identifies several temporal and procedural constraint types as key elements of a new 

institutional grammar (Frantz and Siddiki, 2021, p. 13), formal modal temporal operators such 

as LTL have nevertheless not been proposed.   

3.4 Governance as a Process 

Governance is arguably one of the most contested concepts in all of political science. A 

rather old concept that can be traced back to the ancient Greek word kybernan meaning to pilot 

or steer, its modern meaning in several social science and political science sub-disciplines only 

emerged in the 1980s and 1990s. Within the study of international relations the concept 

originated in the work of James Rosenau and Ernst-Otto Czempiel (1992). Rosenau and 

Czempiel promoted the thesis that Governance without Government was the process by which 

configurations of State and non-State international and non-governmental actors could create 

global political order in the absence of a world government. Subsequently, other writers would 

identify the non-governmental Epistemic Communities (Haas, 1992), and Transnational 

Advocacy Networks (TANs) (Stone, 2004) that were driving this global governance process. 

By contrast, within the study of the comparative politics of nation States, the concept arose as 

a response to an observed fragmentation of unitary welfare States into a multiplicity of State 

and non-State actors that accompanied the market reforms of the 1980s and 1990s (Boyer, 1990, 

Kooiman, 1993, Rhodes, 1996). Similar framings of governance as a mode of societal 

coordination involving a variety of actors that did not rely on centralized State power emerged 

at this time in many other political science sub-disciplines. Another prominent example from 

the field of regulation is the study of the phenomena of regulatory fragmentation and de-

centering (Ayres and Braithwaite, 1992, Scott, 2001, Jordana and Levi-Faur, 2004, Black, 

2001). 
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Broadly, all governance theorists, therefore, came to agree that “the essence of 

governance is its focus on governing mechanisms which do not rest on recourse to the authority 

and sanctions of government” (Stoker, 1998, p. 17). Crucially though, it was realized that 

governance, like government, was also a means of ordered rule and collective action, and as 

such: 

 

The outputs of governance are not therefore different from those of government. It is rather a 

matter of a difference in processes.” (Stoker, 1998, p. 17)  

 

Today, it is taken for granted that governance consists of both a structural and process element 

(Pierre and Peters, 2020, pp. 4-14). By structure is usually meant hierarchical, market, network 

and hybrid configurations of State and non-State actors, including firms, interest groups and 

other non-governmental organizations (Börzel and Risse, 2010p. 114). By process is usually 

meant modes of social coordination that range from hierarchical steering by States through to 

highly complex non-hierarchical bargaining, persuasion, deliberation, and social learning 

processes where States may have limited or even no involvement (Börzel and Risse, 2010, p. 

114-8, Risse, 2012, p. 700). However, for the most part this conceptualization of governance 

as both structure and process did not lead to an investigation of governance as process in terms 

of process science. Instead, the incorporation of the concept of a process within the governance 

literature has remained somewhat metaphorical and has had surprisingly little impact on 

currently dominant paradigms. For example, governance network theorists such as  Erik Klijn 

and Joop Koppenjan acknowledge that the management of networks via the process of network 

governance is now the dominant mode of public governance (Klijn and Koppenjan, 2016, p 8-

11). Similarly, game theorists such as Fritz Scharpf acknowledge that not just non-cooperative 

procedural modes, but the “full range” of empirically possible procedural modes must be taken 

into account when designing game-theoretic models of societal cooperation (Scharpf, 1997, p. 
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97). However, in neither case has the conceptual framework or formalisms of process science 

been incorporated, only its vocabulary. 

There is one partial exception to this general rule. Several primarily Dutch writers have 

evolved a theory of process management from beginnings in a theory of network management. 

For example, within what I will call the Dutch Network Management School, Hans de Bruijn 

and Ernst ten Heuvelhof started with the premise that “from a network perspective, institutional 

design can be viewed as efforts to alter these structures to achieve more desired outcomes” (de 

Bruijn and ten Heuvelhof, 1995, p. 161). Ultimately, they would shift their focus from 

structures to processes and conclude that collective problem definitions and solutions were 

authoritative only to the extent that “they are the result of a process that has received inputs 

from the parties involved, in term of their own information and values” (de Bruijn et al., 2010, 

p. 14). They even identified the core elements of a “good” public process architecture and 

identified the key roles of a process architect who would design the process and a process 

manager who would manage the process (de Bruijn et al., 2010, p. 41-100, cf. Klijn and 

Koppenjan, 2016, p. 152-81). However, although these process and network theorists have 

incorporated certain parts of the conceptual framework and vocabulary of process science, they 

have nevertheless not incorporated its’ diagraming conventions or formalisms. 

3.5 A Normative Model of the Social Actor 

The usefulness of the utility maximizing model of rational social actors that has now 

invaded almost all the social sciences from its liberal-democratic micro-economics bridgehead 

is also coming under increasing scrutiny from within this governance literature. The mission 

creep of rational choice within political science is in fact relatively recent. Via the free market 

Chicago school of Milton Friedman, it can trace its origins to the famous book by Anthony 

Downs, An Economic Theory of Democracy (1957), that was written at the height of the cold 

war (Amadae, 2003, cf.Green and Shapiro, 1994, cf. Friedman, 1996). Prior to that: 
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“even economists used to argue that the homo oeconomicus assumption should not be used to 

model human behavior outside the domain of market institutions” (Lehtinen and Kuorikoski, 

2007, p. 115). 

 

Indeed, a surprising number of seminal economists from the past, particularly macro-

economists, were always uncomfortable with Bentham’s utility function as the sole arbiter of 

rational social behaviour. Adam Smith, who prior to writing The Wealth of Nations, was 

Professor of Moral Philosophy at Glasgow University, opened his Theory of Moral 

Sentiments29 not with an exhortation of social actors’ intrinsic self-interest but instead with 

social actors’ intrinsic empathetic altruism: 

 
“How selfish soever man may be supposed, there are evidently some principles in his nature, 

which interest him in the fortune of others, and render their happiness necessary to him, though 

he derives nothing from it except the pleasure of seeing it.” (Smith, 1759, p. 13) 

 

Later, John Maynard Keynes would attack the Benthamite calculus directly as “the worm that 

has been gnawing at the insides of modern civilization and is responsible for the present moral 

decay” (Keynes, 1949, p. 96). Although less forthright, in the modern era Elinor Ostrom was 

also characteristically thorough on the limitations of rational choice in her 2009 Nobel Prize 

lecture: 

 
“Models are very specific working examples of a theory - and they are frequently confused with 

being theories themselves. As Alchian (1950) pointed out long ago, what is called "rational 

choice theory" is not a broad theory of human behaviour but rather a useful model to predict 

behaviour in a particular situation - a highly competitive market for private goods. Predictions 

 
29 Fleischacker (1991) makes the case for the influence of Smith’s The Theory of the Moral Sentiments 

on Immanuel Kant’s system of moral philosophy whilst for Nobel Prize winning economist Amartya Sen it was 

“one of the truly outstanding books of the intellectual history of the world” (Sen, 2009, p. 9) 
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derived from the rational choice model are empirically supported in open markets for private 

goods and other competitive environments (Holt, 2007, Smith and Walker, 1993, Satz and 

Ferejohn, 1994). Thus, it is a useful model to retain for predicting outcomes in competitive 

settings related to excludable and divisible outcomes.” (Ostrom, 2010, p. 659) 

 

Notwithstanding these objections and reservations from the economics profession itself, 

the current hegemony of the rational choice assumption in areas of social enquiry far from 

economics would lead Letinen and Kuorikoski to ask the rhetorical question: 

 

“Have people just become generally more rational, or are market institutions invading new 

areas of social life?” (Lehtinen and Kuorikoski, 2007, p. 115) 

 

For another Nobel Prize winning economist, Amartya Sen, the answer to the first part of this 

question was always an unequivocable no, as “universal selfishness as a requirement of 

rationality is patently absurd” (Sen, 1987, p. 16). Unfortunately, for Michael Sandel, the answer 

to the second part of Lehtinen and Kuorikoski’s question has been an equally unequivocable 

yes. The market institutions that have accompanied the waves of globalization since the 1980’s 

have indeed invaded almost all areas of social life (Sandel, 2012, Sandel, 2020). 

Replacing what is often a hidden assumption of rational choice within more formal 

approaches to theorizing about and modelling the public policy process will be no easy task. It 

is also strictly outside the scope of this thesis. However, a possible replacement of a rational 

choice model of policy making actors with a defeasible temporal logic model of policy making 

actors is briefly discussed in section 5.2.4. 

3.6 Conclusion 

In chapter 2 we saw that there is a very large century-old process science literature on 

the general nature of human problem solving and the general properties of processes that 

evolved out of the convergence of computer science and business administration. Ultimately, 
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the more specialist governance literature that evolved in political science in response to the 

fragmentation of unitary welfare States since the 1980’s concluded that key public 

administration processes are similarly best conceptualized as specialized public problem 

solving processes. Although there continues to be considerable debate about the precise form 

of the public governance paradigms that can best frame public administration reform there has 

nevertheless been no significant convergence between the formalisms of process science and 

the insights of the public governance literature.30 Of course, the topic of this thesis, the public 

policy making process, is also usually considered to be a special case of a governance process. 

What then of the public policy making process? How have the classic theories of the public 

policy process that have evolved in parallel, but independently of process science in the post-

war period, conceptualized the public problem solving and the public policy making process? 

Also, what relationship, if any, is there between the highly specialized public policy process 

theory literature and the much broader process science literature? This is the topic of chapter 

4. 

 

 

 
30 See Torfing et al (2020) for a detailed treatment of the most important public governance reform 

paradigms. These include New Public Management, the neo-Weberian State, Digital Era Governance, Public 

Value Management and New Public Management 
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4 A Babble of Policy Process Theory 

In chapter 2 we traced the post-war development of a value-free process science within 

the disciplines of computer science and business administration. In chapter 3 we traced the 

development of a contrasting normative theory of the governance process being developed in 

political science. Almost in parallel, however, several much more specialized theories of the 

public problem solving process were also being evolved in the public policy process literature. 

It is the content of this much more familiar literature, to most public policy scholars at least, 

that I will address in this final review chapter. In particular, in this chapter, I will lay out how 

an intra-disciplinary synthesis within the policy process theory literature has been brought 

about under the theoretical umbrella of the multiple-streams framework (MSF). Undeniably 

though, even amongst those responsible, there is a dissatisfaction with the results of this 

synthesis. I therefore conclude this chapter with a discussion of recent proposals from within 

this literature for a “mechanistic turn” that can make a more decisive break with the theories of 

the past (Capano et al., 2019b, p. 2). Nevertheless, I will maintain that such an intra-disciplinary 

synthesis falls far short of a satisfactory explanation of the public policy making process and 

consequently, in chapter 5 I will draw on the much less familiar process science literature laid 

out in chapter 2 to support a bolder inter-disciplinary synthesis. First though, before reviewing 

the public policy process literature, how should a review of this now 75-year old literature be 

even organized? 

4.1 Categorizing the Categorizers 

Rather like the arena within which public policy itself is decided, the discipline of 

policy process theory abounds with often contradictory research agendas and coalitions of 

professional academics wrestling with competing vocabulary, concepts, principles, and 

analytic focus (Meier, 2009). In the more than 75 years since the foundational work of Harold 

D. Lasswell, “no unified paradigm [has] emerged to organize research” (John, 2012, p. 7). 
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Unlike in the natural or information sciences it can therefore be difficult to identify any 

cumulative theory-building trends. Consequently, several strategies are commonly deployed 

by policy process theory scholars to make sense of what Goyal and Howlett (2020) stylize as 

this “babble” of policy making theory. It is important to note however that none of these 

strategies are intrinsically better or worse than the other and many policy process theory 

scholars will use one or more of these strategies depending on circumstances and the 

substantive points they want to make.   

For example, one common approach is to develop a simple historical narrative. Peter 

John deploys this strategy when he divides the history of the evolution of policy process theory 

into a first age of classic studies of decision making and rationality from 1950-1980, a second 

age of synthesis and agenda setting from 1980-2000, and a more speculative current age of the 

political economy of public policy from 2000 to the present (John, 2018). Of course, this 

historicist approach serves his purpose as he wants to establish a future research agenda of the 

political economy of the public policy process. On the other hand, where the purpose is 

heuristic, another common approach is to arrange theories as a typology of whatever the authors 

consider to be the theories guiding paradigmatic principle. This approach is taken in Knill and 

Tosun (2012) who use a policy process theory typology of structure, institution and interest, 

and Colebatch and Hoppe (2018) who use an alternative policy process theory typology of 

authoritative choice, structured interaction and sense-making. It is also not uncommon in the 

literature that historicist and typology based accounts are combined. For example, in Analyzing 

Public Policy, John (2012), takes both an historical, even an evolutionary approach, and 

combines it with yet another policy process theory typology of institutions, groups and 

networks, society and the economy, rational choice and ideas. Other scholars taking this hybrid 

approach include Parsons (1995) and Fischer et al. (2007). 
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A rather different approach was taken in Sabatier’s first two editions of Theories of the 

Policy Process.  Over a long period, commencing in the early 1980’s and including these first 

two editions, Elinor Ostrom frequently made a distinction between explanatory frameworks, 

theories, and models that would become very influential in the policy process theory 

literature.31 By her conceptual hierarchy Ostrom meant “a nested set of theoretical concepts - 

which range from the most general to the most detailed types of assumptions made by the 

analyst” (Ostrom, 2005, p. 27). As such, frameworks provided the most general ontology of 

universal elements, variables and a shared vocabulary that are needed to reason and 

communicate within and across disciplines about a phenomenon.32 Theories, on the other hand, 

hypothesized in a much more detailed way which elements of a framework are relevant to an 

understanding of a phenomenon’s properties and processes and what the causal relations 

between those elements might be. Finally, models use “logic, mathematics, game theory, 

experimentation and simulation, and other means” to test the hypothesis generated by the 

theories (Ostrom, 1999, pp. 39-40). 

Unfortunately, as Ostrom herself had often remarked, “the terms - framework, theory 

and model - are all used almost interchangeably by diverse social scientists” (Ostrom, 2005, p. 

27). The first two editions of Theories of the Policy Process would prove to be no exception. 

Skirting around Ostrom’s careful distinctions, in the first edition Sabatier proceeds to 

categorize all seven selected theories and all four omitted theories as theoretical frameworks 

(Sabatier, 1999a, pp. 6-12). The only exception was his own advocacy coalition framework 

(AFC) which “if not yet a theory, it is fairly close to becoming one” (Sabatier and Jenkins-

 
31 In both Kiser and Ostrom (1982) and Ostrom (1985) the terms framework, theory and model are being 

used in distinct ways. However, it is only commencing in Ostrom (1991) and continuing through Ostrom et al., 

(1994, pp. 23-25), Ostrom (1999, pp. 39-41), Ostrom (2005, pp. 27-29), Ostrom (2007, pp. 25-26) and Ostrom 

(2010, p. 646), that the terms are ‘nested’ in a way that is familiar to readers of the various editions of Theories of 

the Policy Process. A measure of the importance that Ostrom attaches to distinguishing between frameworks, 

theories and models can be seen in Ostrom (2010, p. 646) which is a revised version of the Nobel Prize lecture 

that Elinor Ostrom delivered in Stockholm, Sweden, on December 8, 2009. 
32 Ostrom does not use the term ontology, preferring the term framework. However, it can be argued that 

for Ostrom“frameworks specify the social ontology to which the analyst is committed” (Lewis, 2021, p. 625). 
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Smith, 1999b, p. 155). In the second edition all “eight theoretical frameworks selected for 

discussion” (Sabatier, 2007a, p. 12) are categorized using the same sleight of hand, although 

the ACF was no longer singled out for special treatment. Edella Schlager, on the other hand, 

tried to use Ostrom’s typology more creatively than Sabatier but with mixed success. In the 

first edition, Schlager considered both the advocacy coalition framework (ACF) and the 

institutional analysis and development (IAD) framework to be self-evidently frameworks. The 

framework category was also to be joined by the less self-evident Berry & Berry, and 

Hofferbert policy adoption frameworks. Schlager didn’t quite know what to do with Lasswell’s 

policy cycle or Blomquist’s large-N statistical correlation approach.33 The remaining multiple 

streams framework (MSF) and punctuated equilibrium theory (PET) contributions were 

considered theories (Schlager, 1999). By the second edition Sabatier had finally dropped the 

policy cycle as ‘unscientific’, otherwise Schlager’s categorizations remained largely unaltered 

with the exception of Berry and Berry’s framework of US state policy adoptions which had 

now been demoted to a model (Schlager, 2007). 

By the third and fourth editions of Theories of the Policy Process, any systematic 

attempts to categorize and compare the selected policy process theories in terms of frameworks, 

theories and models had largely been abandoned. Instead, what might be called a Top-10 

approach, always implicit in Sabatier’s selection criteria from the first edition, became much 

more prominent.34 In this approach policy process theories are not grouped or categorized but 

treated individually on their own merits. As such, the criterion of selection is largely down to 

 
33 Schlager chooses to take deLeon’s (1999) very narrow treatment of Lasswell’s vast corpus in terms of 

Sabatier’s stages heuristic strawman very literally. For Schlager, the absence of “universal elements” within the 

stages heuristic disqualified it from the status of a “framework” (1999, p. 239). Arguably a wider treatment of 

Lasswell (cf. 1971) would have exposed a very rich ontology of “universal elements” that of course qualifies 

Lasswell’s work in the round as a “framework”. Similarly, Blomquist’s large-N correlations lacking any clear 

procedural “mechanisms” for policy adoption does not seem to preclude it from the status of a “model” in 

Ostrom’s terms. 
34 Schlager’s (1999, 2007) comparative chapters on frameworks, theories, and models in editions 1 and 

2 of Theories of the Policy Process were retired in favor of policy process theory comparative chapters by Cairney 

and Heikkila (2014) in edition 3 and Heikkila and Cairney (2017) in edition 4. 
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the popularity and size of the research program that the theory has spawned. However, this 

approach must usually be combined with some sanity checks such as the policy process theory 

meeting the basic requirements of being a scientific theory and explaining a significant part of 

the policy process (Weible and Sabatier, 2017, p. 4-6). Examples of this approach can be found 

in Cairney (2012) and of course, most famously, in the third and fourth edited volumes of 

Theories of the Policy Process (Sabatier and Weible, 2014, Weible and Sabatier, 2017). Both a 

Top-10 and a typological approach can also be combined where dominant theories such as the 

ACF, MST, PET and IAD are used to group families of lesser known theories under the 

dominant theories head (cf. Peters and Zittoun, 2016). Sometimes the typological issue is 

sidestepped altogether, and an assumption is made that one or other of the policy process 

theories is so much more convincing than its competitors that any in depth typologies, even 

implicit ones, are redundant. For example, see the way that interpretivist theories of policy 

persuasion and the argumentative turn are used to frame the various sections of the Oxford 

Handbook of Public Policy (Goodin et al., 2006, pp. 3-35).  

Much rarer is a typological approach that categorizes theories of the policy process in 

terms of their treatment or emphasis on one or more of the conceptual components of a process 

(any process). For example, Capano and Howlett (2020) use a policy process theory typology 

of actors, mechanisms, instruments and outcomes. Whilst this approach has many benefits in 

terms of my ultimate goal of drawing out the detail of the conceptual gaps between public 

policy process theorizing and process science my ambition in this chapter is much more modest. 

The purpose of this chapter is twofold. First, to demonstrate that despite Cairney’s warnings an 

intra-disciplinary synthesis of the more popular policy process theories is possible, and 

secondly to make the case for an inter-disciplinary synthesis around the declarative process 

approach which I laid out in chapter 2 and will further develop in chapter 5. After John I will 

therefore organize this intra-disciplinary review of the policy process literature around a simple 
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historical account. However, in contradiction to John I will draw very different conclusions 

concerning what 3rd age of policy process theorizing we are in or at least that we should aspire 

to be in. 

4.2 Pre-1950: The Decisional Approach 

Either side of World War II, Harold D. Lasswell, and a small number of collaborators 

at first the Universities of Chicago and Yale, and subsequently the RAND Corporation, were 

largely responsible for what we today know as the sub-disciplines of policy studies and policy 

analysis35 . In modern day curricula, policy studies, the topic of this dissertation, is usually 

positioned as a sub-discipline of either political science or public administration whereas policy 

analysis is usually positioned as a subdiscipline of microeconomics, cost-benefit analysis and 

operational research (Dunn, 2019, p. 7). At the heart of Lasswell’s understanding of both sub-

disciplines is what Lasswell’s contemporary, David Easton called the decisional approach 

(Easton, 1950, p. 469). From a distance of more than 75 years, Lasswell’s shift in the emphasis 

of the discipline of political science from a study of the elites that wield power within a 

framework of constitutional law, to a study of the decision making processes by which those 

elites exercise control may seem like a minor change. However, it allowed both Lasswell to 

redefine political power as “participation in the making of important decisions” (Lasswell, 

1948a, p. 68) and Herbert A. Simon, his student, to re-model social actors as satisficing decision 

makers in his seminal work, Administrative Behavior: A Study of Decision Making Processes 

in Administrative Organizations (Simon, 1947). 

Practically, Lasswell’s decisional approach would find its most succinct expression in 

his short monograph, The Decision Process: Seven Categories of Functional Analysis 

(Lasswell, 1956a). Although the concept of a policy cycle was never used by Lasswell, his 

 
35 For key collaborations with Lasswell at Yale University see Lasswell and McDougal (1992), Lasswell 

and Kaplan (1950) and Lerner and Lasswell (1951). For key collaborations with the RAND Corporation, see 

especially Quade (1989). E. S. Quade was the first editor of the journal Policy Sciences that Lasswell founded.  
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seven decision functions of intelligence, promotion, prescription, invocation, application, 

appraisal and termination, would by the 1970’s go on to be simplified and popularized as a 

policy cycle in the introductory policy analysis textbooks of the time (Jones, 1977, May and 

Wildavsky, 1979). Unfortunately, beginning in the early 1990’s it would be this simplified 

stagist interpretation of Lasswell’s understanding of the policy making process that would be 

subjected to increasingly strident criticism as being both overly linear and unscientific and 

untestable (Sabatier, 1999a, pp. 6-7, Sabatier and Jenkins-Smith, 1993, pp. 1-4). Even so, in 

the same edition of Theories of the Policy Process in which Sabatier had so roundly critiqued 

Lasswell, the stagist approach had its defenders (DeLeon, 1999, p. 29), and in more recent 

editions the heuristic usefulness of the stagist approach has been more unambiguously 

acknowledged (Sabatier and Weible, 2014, pp. 5-9, Weible and Sabatier, 2017, p. 4).  

Subsequently, other scholars have gone much further in seeking to rehabilitate 

Lasswell’s ideas for a new generation. Key to this rehabilitation is a reappraisal of the largely 

forgotten contributions of Chester Barnard to the inherent non-linearities and complexities in 

Lasswell’s decisional approach and also of John Dewey in Lasswell’s development of a central 

role for values, especially liberal democratic values, in public decision making. William H. 

Dunn, for example points out that Chester Barnard was not only a colleague and key influence 

on Lasswell during his time at the University of Chicago but was also a key influence on other 

important decisional theorists such as Herbert A. Simon for whom he wrote the 1947 preface 

of Administrative Behavior (Dunn, 2019, p. 27). A flavor of Barnard’s understanding of the 

complexity of the public decision making process is caught in his description of a decision to 

relocate a telephone pole from one side of the street to the other: 

 
“It can, I think, be approximately demonstrated that carrying out that order involves perhaps 

10,000 decisions of 100 men located at 15 points, requiring successive analyses of several 

environments, including social, moral, legal, economic, and physical facts of the environment, 
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and requiring 9,000 redefinitions and refinements of purpose. If inquiry be made of those 

responsible, probably not more than half-a-dozen decisions will be recalled or deemed worthy 

of mention . . . The others will be “taken for granted,” all of a part of the business of knowing 

one’s business.” (Barnard, 1938, p. 198) 

 

At the very least, there is a strong argument that the image of a simplistic policy cycle 

with which Lasswell is so often associated is incompatible with his membership of the 

decisional school of the 1930’s and 1940’s. Indeed, Dunn proposes that the graphical image of 

a complex circuit rather than the graphical image of a policy cycle is much more consistent 

with Lasswell’s seven decisional functions: 

 

“In Lasswell’s circuit, the seven major functions proceed forward, backward, laterally, and 

diagonally, while within each function are identical subfunctions that also may move forward, 

backward, laterally, and diagonally.” (Dunn, 2019, p. 33) 

 

In this dissertation I will take seriously Dunn’s reimaging of Lasswell’s policy making 

cycle as a decision making circuit. In fact, the declarative process approach I propose can 

usefully be considered an operationalization of just such a decision making circuit. 

Notwithstanding, an understanding of decisional complexity was far from the only contribution 

that Lasswell made to the policy studies enterprise that he would christen policy science36. 

Policy science was to be a unifying and applied field of social science enquiry that would both 

better comprehend knowledge of the mechanics of the policy making process and also improve 

knowledge in  the content of the information and options available to policy makers (Lasswell, 

1951, p. 3). For Lasswell and his collaborators, seeking to distinguish themselves from the 

subject matter concerns of the mainstream political science and public administration 

 
36 Lasswell was already routinely using the term policy science during World War II whilst working as 

Chief of the Experimental Division for the Study of War Time Communications at the Library of Congress 

(Lasswell et al., 2003). 
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disciplines of their time, a problem orientated, multi-disciplinary and above all a normative or 

value oriented approach were therefore considered equally critical (DeLeon and Vogenbeck, 

2007, p. 4-5).  

By problem-oriented Lasswell meant that not only must the policy scientist address the 

public policy issues of the day, but they must also contribute to the recommendation of practical 

solutions and remedies.37  Policy scientists were specifically not to be closet psephologists 

whose role was to provide politicians with “a bag of electoral and other manipulative tricks” 

(Lasswell, 1956b, p. 966).38 Neither were policy scientists to be closet political philosophers 

whose role was the study for its own sake of “how value goals can be derived from fundamental 

postulates and principles” (Lasswell, 1956b, p. 966). By multi-disciplinary Lasswell meant 

drawing on “the stock of available knowledge” relevant to public problems of “political 

security, economic stability, public health . . . mass communication, education, family planning, 

human rights, the prevention of criminal conduct, or whatever” (Lasswell, 1971, p. 2). Crucially, 

and arguably the most important element of Lasswell’s thinking, policy recommendations were 

always normative or value oriented. As DeLeon and Vogenbeck (2007, p. 5) note, for Lasswell 

no “social problem nor methodological approach is value free”. Afterall, Lasswell and his 

collaborators were very much products of the 1930’s which had seen the rise of dictatorships 

and an existential threat to the very institutions of liberal democracy itself. They were therfore 

drawn to the role that the American pragmatist political philosopher and educationalist John 

Dewey had promoted for public intellectuals in the inter-war years. In The Public and its 

Problems, for example, Dewey had already gone as far as to redefine the State as an 

 
37 Sadly, arms control, weather and climate control and animal rights were unsolved public policy issues 

just as prominent to Lasswell in the 1950’s as they are to us now (Lasswell, 1956b). 
38 Contrarily, this reproach to the policy scientist profession would not stop Laswell himself joining the 

advisory board of Simulmatics Corporation as a major shareholder and investor a few years later in 1959. 

Predating Cambridge Analytica, Google, and Facebook by more than half a century, Simulmatics was a data 

science company that used simulations on an early IBM 400 mainframe to influence voter and consumer behavior. 

This included influencing the famously narrow margin of victory of Kennedy over Nixon in the 1960 US 

presidential election. So confident was Lasswell of the influence of Simulmatics he pronounced it the “A-bomb 

of the social sciences” (Morgan, 1961). See Lepore (2020) for a detailed history of the rise and fall of Simulmatics.  
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“experimental process” whose decision making was most effectively realised by liberal 

democratic institutions. (Dewey, 1927, p. 33). Consequently the role of the political 

philosopher was to be, within the framework of participatory democracy that of an “aid in 

creation of methods such that experimentation may go on less blindly” (Dewey, 1927, p. 34).  

In later years Lasswell was not shy in acknowledging his debt to Dewey (Lasswell, 

1971, pp. xiii-xiv) but ultimately, Lasswell would go much further and stylized himself not so 

much as a political philosopher of democracy but as a policy scientist of democracy (Easton, 

1950, Farr et al., 2006, Lasswell, 1948b, p. 129, Lasswell, 1951, p. 10). As such, out of the 

ashes of World War II Lasswell would come to invent “a disciplinary persona that would 

marshal and put into policy-relevant form the findings of state-of-the-art social science for the 

broader purposes of democracy in a world threatened by ignorance, force, and totalitarian 

ideologies” (Farr et al., 2008, p. 22). Nevertheless, it was not this value or normative dimension 

to Lasswell’s thinking concerning policy studies that would find its initial expression in the 

public policy growth industry in the immediate aftermath of World War II. Instead, it would be 

his much more instrumental thinking in terms of cost benefit and systems analysis that would 

come to be known as the discipline of policy analysis. It is to an examination of the rise of 

policy analysis that we must now turn our attention. 

4.3 1950-1980: Policy Analysis Eliminates the Political 

During World War II, the United States assembled an unprecedented number of social 

scientists, including economists, political scientists, operations analysts, and psychologists in 

order to better rationalize Allied war-time operations and logistics. Both Lasswell and his 

colleague Abraham Kaplan, for example, were assigned to the systematic analysis of 

propaganda and its uses at the Experimental Division for the Study of Wartime 
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Communications at the US Library of Congress.39 Indeed, an organizational and decisional 

approach that prioritized “'scientism', 'technocracy', and 'expertism'” (Enserink et al., 2012, p. 

14) has always had very deep roots in the US military. One prominent example was the 

technique of cost benefit analysis. Cost benefit analysis had been initially pioneered by French 

civil engineers, such as Jules Dupuit on public works canal projects as long ago as the early 

19th century (Jiang and Marggraf, 2021, pp. 3-6). Serendipitously, around this time also, not 

only had the French been asked by the Americans to consult on the establishment of the U.S. 

Corps of Engineers during the American Revolution, but they had also been asked to consult 

on the later establishment of the US Military Academy’s Engineering School. It was by this 

route that rationalist techniques such as operational research, systems analysis and cost benefit 

analysis had found their way into US military decision making (Miller and Robbins, 2007, p. 

467). Due in no small part to the perceived success of these techniques during World War II, 

this would lead directly to the post-war establishment of the Council of Economic Advisors in 

1946 by war-time president Harry S. Truman as well as new research facilities at think-tanks 

such as the Rand Corporation and the Brookings Institution (DeLeon and Vogenbeck, 2007, p. 

6). By 1961 Robert McNamara had introduced the Planning, Programming, and Budgeting 

System (PPBS), at the U.S. Department of Defense which would be subsequently extended to 

the Federal budget and by the mid-1960’s exported to other departments such as Health, 

Education, and Welfare. Later, similar approaches to the PPBS for the rational budgeting and 

evaluation of public policy alternatives were introduced by budgeting and audit agencies in 

several other countries. For example, the Public Expenditure Survey Committee (PESC) in the 

UK, the Committee for the Development of Policy Analysis (COBA) in the Netherlands and 

the Swedish National Audit Office (RRV) in Sweden. 

 
39 Lasswell’s 1927 doctoral thesis had been on Propaganda Technique in the [1st] World War. By the 

2nd World War he was Chief of the Experimental Division for the Study of Wartime Communications at the US 

Library of Congress (Almond, 1987). 
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However, the rationalist approach to policy analysis had always been subject to intense 

criticism. One of the earliest criticisms was that not only were there intrinsic cognitive limits 

to the human intellect, but there were also significant constraints in terms of time, budgets, and 

resources that policy analysts could in practice bring to bear on a policy problem. Herbert A. 

Simon coined the phrase bounded rationality to convey just this idea that “the application of 

reason may be limited by incomplete information and by the inability of the analyst to consider 

the full range of possible consequences” (Meltzer and Schwartz, 2019, p. 24). As such, Simon 

drew a binary contrast between economic models of social behavior and bureaucratic models 

of social behavior: 

 
“economic man maximizes – selects the best alternative from among all those available to 

him . . . [whilst] administrative man satisfices – looks for a course of action that is satisfactory 

or ‘good enough’” (Simon, 1957, p. xxv).  

 

In a similar vein, Charles E. Lindblom in The Science of “Muddling Through” argued that a 

comprehensively rational approach was an unrealistic description of public decision making 

behavior (Lindblom, 1959). Instead, policy analysis followed a “different incrementalist 

method . . . [involving] the comparison of a small number of alternatives that vary slightly from 

the policies that are currently in place” (Meltzer and Schwartz, 2019, p. 29). Not only was the 

incremental method more efficient in that it drastically reduced the number of alternatives to 

be investigated by public officials, it also fitted better the observation that “[liberal] 

democracies change their policies through incremental adjustments . . . policy does not move 

in leaps and bounds” (Lindblom, 1959, p. 84). 

Nevertheless, a much more important criticism of the rationalist approach was its 

implicit incorporation of a utility-maximizing economic model of policy making actors. 

Famously, the failure of the rationalist approach to realize its expected benefits had driven 

Aaron Wildavsky, by the end of the 1960’s, to call for the  rescue of policy analysis from the 
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PPBS (Wildavsky, 1969). In a devastating criticism of the rationalist approach Wildavsky 

pointed out that the relentless budgetary cycle of the PPBS rules simply didn’t reflect the 

politics of real world Federal and inter-departmental public decision making. This was 

especially the case when the PPBS approach was exported outside the Department of Defense 

to departments with very different priorities and decision making cultures such as the 

Departments of Health, Education or Welfare. For Wildavsky, this was the reason why the 

expected benefits of rational PPBS methods had not materialized. Other writers of the period 

would go much further than Wildavsky. Hugh Heclo, for example would write that the PPBS 

approach had created a public decision making mindset in which: 

 
“the analysis of rational program choice is taken as the one legitimate arbiter of policy analysis. 

In this mood, policy studies are politically deodorized - politics is taken out of policy-making.” 

(Heclo, 1972, p. 101), 

 

Across the Atlantic, the Roskill Commission’s PPBS inspired cost benefit analysis of 

alternative sites for a new London Airport was even described by Peter Self as “nonsense on 

stilts” (Self, 1970). 

Neither was it only the decision making frameworks, such as PPBS, of the public 

administration practitioners of this period that had eliminated political dynamics from 

consideration. Theories of the policy process from the social science community of the time 

also lacked a normative or a political dimension and often reduced policy making to a pseudo-

economic outcome of interacting utility maximizing actors and/or random chance. Lindblom, 

for example, is today known primarily for his theory of policy making incrementalism. 

However, in the mid-1960’s he was better known for his theory of partisan mutual adjustment 

as developed in The Intelligence of Democracy: Decision Making Through Mutual Adjustment 
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(Lindblom, 1965).40 In later years he would clarify his meaning of partisan mutual adjustment 

as policy coordination between policy making actors that “arises from their reciprocating 

political effects on each other, not through a centrally analyzed coordination” (Lindblom, 1979). 

In other words, Lindblom, who had started out as an economist, not a political scientist, saw 

the process of democratic policy making in micro-economic terms as the coordination of a 

collective policy making intelligence by a Smithsonian invisible hand. In this sense the same 

charge that Lowi had levelled against the pluralists that they lacked a normative dimension to 

their theorizing when they “drew the public interest out of the welter of contending particular 

interests” (Lowi, 1969, p. 72), could just as well be leveled against Lindblom. 

Similarly, another important policy process theory from the period, the garbage can 

theory of the early 1970’s, also lacked a normative or political dimension. Often lost in the 

computational sophistication of the theory is the authors’ empirical starting point or premise. 

Empirically they had observed a fundamentally contingent character to the organized anarchy 

of the public policy making process. Often, within organizations, they would argue, it was only 

the chance alignment of problems looking for solutions and solutions looking for problems that 

created a window of opportunity for what later writers would call policy entrepreneurs to bring 

solution options to the policy decision making table (Cohen et al., 1972, p. 1). This empirically 

observed policy making behavior they found to be incompatible with the reason and order that 

a previous generation of political scientists had used to legitimize what they supposed to be an 

orderly Weberian policy making ideal (Cairney, 2012, cf. pp. 232-33). Indeed, early on when 

contrasting the procedural legitimacy of bureaucratic and garbage can styles of public decision 

making, Olsen (1972, p. 61) would remark, that “the non-decision [garbage can] style appears 

to have little or no normative legitimacy”. Forty years later little had changed. Reflecting on 

 
40 Lindblom himself also “never well understood why incrementalism in its various forms [had] come 

to so prominent a place in the policy-making literature” (Lindblom, 1979, p. 524) For Lindblom, incrementalism 

was self-evidently uncontroversial, and the main novelty of his work was not incrementalism at all but his theory 

of partisan mutual adjustment. 
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the enduring appeal of the garbage can model, the original co-authors would express surprise 

that the empirical finding of garbage can contingency remained so “normatively unacceptable” 

to their critics (Cohen et al., 2012, p. 24). 

4.4 1980-2000: Policy Studies Rehabilitates the Political 

By the mid-1970’s Wildavsky had already constructed a more theoretically rounded 

critique of rationalist utility maximizing explanations of the US Budgetary process (Wildavsky, 

1975). Building on this work, the policy studies theorists of the 1980’s and 1990’s would soon 

start to develop a much more overt role for political dynamics and the competition of ideas and 

values in explanations of the policy making process. In contrast to the policy analysis 

preoccupation with utility maximization and economic rationality, of particular interest to this 

new generation of policy studies writers was the way in which elites were able to control policy 

making by controlling the public policy making agenda. After all, controlling the agendas 

where public policy options were being discussed, these theorists reasoned, was the surest way 

of controlling what public policy options would be ultimately decided. In his landmark study, 

for example, John W. Kingdon would remark: 

 
“The agenda, as I conceive of it, is the list of subjects or problems to which governmental 

officials, and people outside of government closely associated with those officials, are paying 

some serious attention at any given time. …Out of the set of all conceivable subjects or 

problems to which officials could be paying attention, they do in fact seriously attend to some 

rather than others. So the agenda-setting process narrows this set of conceivable subjects to the 

set that actually becomes the focus of attention.” (Kingdon, 1984, pp. 3-4) 

 

Subsequently, in the published literature three theories would come to dominate (John, 

2018, p. 4). These were the multiple streams approach (MSF) (Kingdon, 1984), the advocacy 

coalition framework (ACF) (Sabatier and Jenkins-Smith, 1993) and punctuated equilibrium 



4. A Babble of Policy Process Theory  

83 

 

theory (PET) (Baumgartner and Jones, 1993). By late 2021, for example, Google Scholar 

counted (for all editions of the originally published works) 28,015 citations for Kingdon (1984), 

5,414 citations for Sabatier and Jenkins-Smith (1993) and 9,998 citations for Baumgartner and 

Jones (1993).41 This is not to say that no other theories emerged that also sought to incorporate 

politics and power play into accounts of the policy process and challenge the “rationality 

project” that policy analysis had become (Stone, 1988, p. 22). Quite the opposite. Indeed, the 

most prominent example is central to the algorithmic theory of the policy process that I present 

in chapter 5. This was the loose coalition of post-positivist approaches to policy making 

theorization that came to be known as the “argumentative turn” (Fischer and Forester, 1993, 

Fischer, 2007, Fischer and Gottweis, 2012a). In effect the argumentative turn’s promotion of 

argumentation, persuasion, rhetoric, and the strategic use of language, makes possible a much 

more realistic, and much more politicised model of policy making behaviour compared with 

the rational utility maximisation behaviour borrowed from micro-economics. I will return to 

this theme in some depth in section 5.2, but first I will briefly lay out the key features of the 

currently dominant MSF, ACF, and PET policy process theories. 

4.4.1 Multiple Streams Framework 

From its origins as a computer simulation in the garbage can theory of organizational 

choice (Cohen et al., 1972, Kingdon, 1984, Kingdon, 2011), John Kingdon’s Multiple Stream 

Framework (MSF) has proven to be a remarkably popular approach to theorizing about the 

public policy process amongst the academic public policy analysis community. Jones et al. 

(2016, p. 17) found no less than 1,933 citations of at least one of the MSF foundational texts 

in a broad spread of peer-reviewed policy analysis articles between 2000 and 2013. Later, 

 
41 These citation counts were from a Google Scholar query on 17th October 2021. These citation counts 

are already considerably larger than from 27th September 2015 when Peter John made the same query. John notes 

that “Kingdon's (1984) book has received 13,803 citations in Google Scholar. Baumgartner and Jones (1993) get 

5,194 and Sabatier and Jenkins-Smith (1993) has 3,126” (John, 2018, p. 4). 
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Herweg et al. (2017, p. 17) also noted a strong trend towards journal special issues exploring 

the theoretical implications of the MSF. This trend they put down to the highly politicized 

nature of modern day global warming, nuclear energy, migration and international trade policy 

making that was increasingly coming to resemble the MSF’s original assumptions. Indeed, 

Kingdon’s key innovation, resulting from his empirical study of the processes of agenda setting 

of Federal health and transportation policy in the United States, was precisely to introduce a 

“politics” stream missing from Cohen et al’s original conceptualisation of the policy making 

garbage can. As such three interrelated but independent “streams” of problems, policies and 

politics, shaped by their own rules and dynamics, are brought together for solution by policy 

entrepreneurs during brief windows of policy agenda setting opportunity. Policy making was 

therefore best considered to be a sort of “organized anarchy” under conditions of considerable 

ambiguity where agenda-setting windows may on occassion open on a regular basis, such as 

the commencement of a new presidential administration. At other times, agenda-setting 

windows may open only during times of crisis (Cairney, 2012, p. 232-242).  

Nevertheless, it is important to note that Kingdon himself never used the term “multiple 

streams framework” to describe his analytical lens. Instead, he used a variety of metaphors 

besides streams including floodgates, spill-overs and soups so that in the literature of his day 

his work was commonly referred to as the “policy streams” approach. It was only much later 

that Zahariadis (1995) would popularize the term “multiple streams” approach, and 

subsequently Saetren (2016), who would be first to clarify the scope of Kingdon’s analytic lens 

by coining the term the multiple streams “framework” (Goyal and Howlett, 2020, p. 80). Indeed, 

of the 1,913 citations in peer-reviewed articles that Jones et al. (2016, p. 17) had identified only 

a more modest 311 referred to one or more of the five principle MSF concepts. This would lead 

Goyal and Howlett to conclude that: 
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“While the MSF has since been applied to multiple levels of governance in numerous policy 

areas across more than 60 countries, much of this research has used the MSF as a ‘framework’ 

rather than a ‘theory’ or a ‘model’, employing conceptual elements selectively” (Goyal and 

Howlett, 2020, p. 80) 

 

There have been many other criticisms of the MSF beginning with Sabatier’s criticism 

that the MSF has not generated enough clear, falsifiable hypothesis (Sabatier, 1999b). Even on 

its own terms as a metaphorical conceptual framework it is not at all clear what a “stream” 

actually means. Other major criticisms are its focus on contingency and “chance” as the 

mechanism which drives the policy making process forward and its narrow application to the 

agenda setting phase of the policy cycle and its relative neglect of other phases such as the 

policy making phase itself or the later phase of policy implementation. In order to address these 

and other criticisms Goyal and Howlett  (2020) have proposed a 5-stream model to replace 

Kingdon’s original 3-stream one. However, I also find major issues with Goyal and Howlett’s 

proposal and return to this theme in section 4.5. 

4.4.2 Advocacy Coalition Framework 

Conceived as a synthesis of the prevailing theories of the public policy process in the 

late 1980’s, the ACF, like the MSF has also proven highly influential, spawning no less than 

224 published empirical studies between 1987 and 2013 (Heikkila and Cairney, 2017, p.373). 

This voluminous feedback has in turn triggered regular refinement of the framework with major 

revisions by Sabatier (1988, 1998), Sabatier and Jenkins-Smith (1999a, 1993) and Sabatier and 

Weible (2007). Key to the success of the ACF with the research community has been the 

explicitly stated ‘testability’ of the framework. In Sabatier and Jenkins-Smith  (1993) for 

example nine hypothesis grouped around the frameworks key concepts of Advocacy Coalition 
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(AC) behavior and Policy Oriented Learning (POL) can be subjected to either qualitative or 

quantitative test.42 

The ACF is very complex. It engages not just elements of the ‘iron triangle’, such as 

interest groups, bureaucracy, and elected politicians, but also think-tanks, academics and 

journalists in extended policy debate and discourse, often over a decade or more. Such a 

complex public policy process is therefore considered to be dominated by elite opinion and the 

impact of public opinion considered to be at best ‘modest’. (Parsons, 1995, .p196) 

Consequently at the heart of the framework is posited a 3-tiered conceptualisation of actors 

belief systems. First there is the ‘deep core’ which comprises actors entrenched norms and 

beliefs; second there is the ‘policy core’ which comprises fundamental policy positions and 

strategies for attaining core values; third there are ‘secondary aspects’ which comprise 

instrumental decisions and information needed to implement the policy core. (Cairney, 2012, 

p.205). 

In addition, there are the ‘advocacy coalitions’ themselves which comprise a wide range 

of actors who both share a common belief system and demonstrate a commitment to 

coordinated activity over time and the socio-political ‘sub-systems’ which are the arena in 

which the policy drama is played out. It is within this context that policy change or stasis is 

hypothesized to occur via three causal mechanisms on a sliding scale depending on whether 

core, policy core or secondary interests are in dispute. Firstly, policy change may be driven by 

the interaction of competing advocacy coalitions mediated by policy brokers with a vested 

interest in the status quo. Secondly, rare exogenous shocks such as socio-economic change can 

lead to policy-oriented learning and fundamental realignments of advocacy coalitions. Thirdly, 

 
42Despite the importance that the authors of the ACF attach to its testability, Weible et al. (2009, p. 128) 

found that most ACF studies, not authored by the core team, “do not explicitly test any of the hypotheses”. 

https://logitel-my.sharepoint.com/personal/tony_casey_logitel_ie/Documents/Personal/Msc%20Public%20Policy%20(UCD)/CrsWrk/PhD%20(POL4001R)/Deliverables/PhD%20Template/Chapter%203,%20Section%204/Policy%20Theories/ACF/Cairney%20-%20Traditional%20Policy%20Theory%20in%20Untraditional%20Ways%20(ACF%20generally%20not%20tested).pdf
https://logitel-my.sharepoint.com/personal/tony_casey_logitel_ie/Documents/Personal/Msc%20Public%20Policy%20(UCD)/CrsWrk/PhD%20(POL4001R)/Deliverables/PhD%20Template/Chapter%203,%20Section%204/Policy%20Theories/ACF/Cairney%20-%20Traditional%20Policy%20Theory%20in%20Untraditional%20Ways%20(ACF%20generally%20not%20tested).pdf
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institutional parameters such as constitutional rules can constrain actors options thus preserving 

the status quo (Knill and Tosun, 2012, p.253). 

The ACF is not without its critics. Firstly, although engineered specifically to address 

the issue of complex policy change within networks of heterogeneous coalitions of actors it is 

not clear to what extent it succeeds. John (1998, p.172) for example finds that in spite of the 

complexity of the conceptualisation, incremental cognitive change within stable advocacy 

coalitions is empirically rare and change is therefore driven by exogenous shocks outside the 

boundaries of the framework. This seriously undermines the ACF’s claim to superior 

explanatory power going beyond description. Secondly, it is not clear that the ACF synthesis is 

as all-embracing as it is claimed. For example, it neglects institutions and individual agency. 

The only institutions incorporated are formal inter-governmental ones and Sabatier specifically 

criticizes all rational choice models except that proposed by Ostrom (John, 1998, p.172). 

Thirdly, in the early years a persistent criticism of the ACF was that it was very interest 

paradigmatic and US-centric and did not sit well with European corporatist political systems.43 

4.4.3 Punctuated Equilibrium Theory 

Baumgartner and Jones’ (1993) theory of punctuated equilibrium arose from empirical 

observation. Despite what the incrementalists of the 1960’s had said, Baumgartner and Jones’ 

concluded that any explanation of the politics of the late 1980’s that surrounded American 

tobacco, pesticides and drug and alcohol abuse policy making must account both for: 

 
“. . . long periods of stability and domination of important policy areas by privileged groups of 

elites, and for rapid change in political outcomes, where apparently entrenched economic 

interests find themselves on the losing side of the political battle.” (Baumgartner and Jones, 

1993, p. 3) 

 
43 Several revisions of the ACF have now addressed the US-centric criticism. For example, see Afonso 

(2014) for a European case study and Hsu (2005) for an Asian case study. 
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Later they found a similar pattern of punctuated policy making in that way that Federal public 

budgeting was conducted as did many other researchers in the dynamics of European and 

European Union policy making (True et al., 2007, pp. 172-175, cf. also Cairney, 2012, pp. 196-

197). 

To explain these observations Baumgartner and Jones extended the incrementalists 

concept of bounded rationality and limited attention span from individual policy actors to entire 

governmental departments and interest groups (True et al., 2007, p. 156). Groups excluded 

from static incrementally evolving policy monopolies were therefore incentivised to venue 

shop and appeal to alternative less entrenched audiences and decision-making officials. In this 

way groups could move their policy interests to the top of wider policy agendas where 

government departments with limited resources and attention spans can then make the 

administrative capacity to review and consider new proposals outside their day-to-day 

framework of incremental change. It was this mechanism of interest group venue shopping 

which Baumgartner and Jones claim explains the observed policy punctuations. 

As such, and as is rarely commented, PET is in fact best considered a neopluralist theory 

in the pluralist tradition of Truman (1951), Dahl (1961) and Lowi (1969).44  Nonetheless, 

Baumgartner and Jones, prefer to categorise their theory as an information processing theory: 

 
“With its foundations in both political institutions and boundedly rational decision making, 

punctuated-equilibrium theory is at base a theory of organizational information processing. 

Governments are complex organizations that act on the flow of information in producing public 

policies. The manner in which public policy adjusts to these information flows determines the 

extent of bursts of activity in the system. The general punctuation hypothesis suggests that 

information processing is disproportionate. That is, policymaking alternates between periods 

 
44 Andrew S. McFarland, one of the original pluralists however is not shy in claiming Baumgartner and 

Jones as one of the pluralists own. “A major neopluralist theory . . . is punctuated equilibrium” (McFarland, 

2007, p. 55) 
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of underreaction to the flow of information coming into the system from the environment and 

overreaction to it.” (True et al., 2007, p. 177) 

 

Notwithstanding, a major strength of PET has always been its testability. If policy 

making really does encompass periods of both stability and punctuation, then it can be expected 

stochastically that the probability distribution of policy change will not follow a normal bell 

curve distribution. Instead, it will follow a probability distribution that is characterised by a 

higher central peak and many more outliers than would be expected if policy change was purely 

incremental. This probability distribution is known as a leptokurtic distribution. Writing just 

before the Great Crash of 2008 Baumgartner and Jones observe that “so far, in the case of US 

public budgeting every study examining public budgets has found this pattern” (True et al., 

2007, p. 171). Indeed: 

 
“400,000 observations collected as part of the ‘Policy Agendas Project’ [demonstrate that the 

punctuation hypothesis] is a fundamental part of the American political system” (Jones and 

Baumgartner, 2005, p. 278) 

 

However, despite the compelling strength of Baumgartner and Jones results, more 

recent results from other researchers cast doubt on the basic premise of the punctuation 

hypothesis. Cross and Greene (2020), for example, have recently performed a topic analysis of 

ECB speeches between 1999 and 2018. What they find is that the probability distribution of 

changes in ECB position statements does follow an incremental normal distribution rather than 

a punctuated leptokurtic distribution.  Although Cross and Green are cautious in their 

interpretation of their results, they do nevertheless present a challenge to punctuated 

equilibrium theory (PET). 



An Algorithmic Theory of the Policy Process 

90 

 

4.5 2000-Present: A Grand Intra-Disciplinary Synthesis 

The dominance of the three policy process theories of MSF, ACF and PET would lead 

Peter John by the early 2000’s to ask the question: “is there life after policy streams, advocacy 

coalitions, and punctuations?” (John, 2003). He concluded that although these dominant 

theories had certainly been enhanced and reformulated in response to the results of the large 

number of empirical studies they had inspired in the previous two decades, they nevertheless 

remained insufficiently fine-grained to identify unambiguously the causal mechanisms of 

policy change or avoid the charge of “applying social science labels that describe rather than 

explain the policy process” (John, 2003, p. 495). As nothing fundamentally new had arisen to 

replace these theories since their inception in the mid 1980’s and early 1990’s, John therefore 

proposed first an alternative evolutionary theory (John, 2003, pp. 491-2, John, 2012, pp. 165-

177) and subsequently an alternative political economy approach (John, 2018, pp. 6-10). Other 

theorists from this time continued to propose a raft of new theories. Notable examples included 

the policy narrative framework (Shanahan et al., 2011) , the ecology of games framework 

(Lubell, 2013), and a theory of policy as ordering through documents (Sedlačko, 2018).45 

Anthologies of alternative policy process theories of the time can be found in Nowlin (2011), 

Schlager and Weible (2013) and Petridou (2014). However, none of these new theories, 

frameworks and approaches seriously challenged the dominance of MSF, ACF and PET. 

Instead of developing new theories of the policy process to address the shortcomings 

of MSF, ACF and PET, another group of theorists took a different path. Despite warnings that 

the dominant theories were built on such different assumptions, conceptual frameworks and 

units of analysis that any intra-disciplinary synthesis would be difficult if not impossible 

(Cairney, 2013, Heikkila and Cairney, 2017, Goyal and Howlett, 2020, Schlager, 2007), this 

 
45 This is a particularly interesting development as there has been a directly parallel development of 

“artifact” (i.e., document) based declarative process tools in the process science literature (cf. Wang and Kumar, 

2005). 
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group of writers nevertheless proposed a grand theoretical synthesis. In this way the 

weaknesses of any one of the dominant theories could be offset by the strengths of another and 

the significant obstacles to further theoretical progress in the policy process field overcome. 

An early example of this approach came from Edella Schlager. She proposed that the dominant 

theories be integrated under the umbrella theory of Sabatier and Jenkins-Smith’s ACF: 

 

“Over the past several years, the family resemblance among the policy process theories 

and comparative policy models has become more pronounced, to the point where they 

probably belong under a single roof and that roof is the currently entitled advocacy 

coalition framework” (Schlager, 2007, p. 317) 

 

Later, José Real-Dato instead made an attempt to integrate the dominant theories under the 

umbrella theory of Ostrom’s IAD (Real-Dato, 2009). In contrast to Schlager, Real-Dato argued 

that it was the integrative potential of the IAD that “seems to offer a suitable theoretic-

conceptual baseline” (Real-Dato, 2009, p. 122).  

However, the strategy of using the internally consistent but already complex ACF and 

IAD as integrative theoretical frameworks would prove to be just as difficult as Schlager (2007), 

Cairney (2013), Cairney and Heikkla (2017) and Goyal and Howlett (2020) had warned. Even 

when, for example, the alternative policy process theories, frameworks and approaches 

coincidentally shared the vocabulary of the ACF or IAD, their vocabulary did not necessarily 

share the same meaning. Consequently, a theoretical synthesis under the umbrella theories of 

IAD or ACF was not followed up in the literature and instead by the early 2020’s Goyal and 

Howlett concluded that:  

 
“Much of the [theoretical synthesis] effort has focused on utilizing the multiple streams 

framework (MSF) (Kingdon, 1995), and scholars have combined the MSF with other lenses 

such as the advocacy coalitions framework (Howlett et al., 2017, Bandelow et al., 2019), the 
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narrative policy framework (McBeth and Lybecker, 2018), historical institutionalism/path 

dependency analysis (Spohr, 2016), and policy stages heuristic (Howlett et al., 2015, Herweg 

et al., 2015, Zahariadis, 2003, Zahariadis and Exadaktylos, 2016).” (Goyal and Howlett, 2020, 

p. 79) 

 

Arguably the MSF provides a much simpler conceptual canvas which could be more easily 

stretched to accommodate the requirements of competing policy process theories than either 

the ACF or IAD.46 However, from the perspective of this thesis, the most interesting aspect of 

this development is that of all the dominant policy process theories, the MSF shares most 

closely the basic conceptual language of the independently developed process science 

described in chapter 2. Indeed, less constrained by the internal complexities of the ACF or the 

IAD, there is an active MSF research program which not only mirrors some of the most 

important terminology of process science but also attempts to refine the meaning of shared 

process science and MSF concepts, such as actors and activities and their roles within each 

stream (Herweg et al., 2015, Knaggård, 2015, Mukherjee and Howlett, 2015). 

The basic strategy of the MSF grand synthesis theorists is to build on Kingdon’s (1984) 

idea of creating a 3-stream MSF model from Cohen et al.’s (1972) original 2-stream garbage 

can model. In effect, Kingdon had introduced an additional politics stream to the 2-stream 

garbage can model in order to explain the political dynamics of health and transportation policy 

agenda setting within the US federal system of government (cf. section 4.4.1 above). Howlett 

et al. (2015, 2016, 2017) and Goyal and Howlett (2020) go further, and instead propose a 5-

stream model, in order to extend the usefulness of the MSF beyond agenda setting to the policy 

formation and implementation phases of the policy cycle as well. From their perspective, this 

requires the addition of two additional process and programme streams to Kingdon’s original 

 
46 See Gallie (1956), Sartori (1970) and Gerring (1999) for discussions of conceptual “stretching” within 

the social sciences. 



4. A Babble of Policy Process Theory  

93 

 

three “problems, policy proposals and politics [streams]” (Kingdon, 1984, p. 19). In this new 

5-stream model the process steam occurs primarily in the detailed policy formulation phase 

after the policy agenda has been set. This is where the machinery of government assesses the 

merits of alternative policy proposals “by advancing the problem through discussion and . . . 

solution” (Howlett et al., 2015, p. 424). Similarly, the programme stream occurs primarily in 

the implementation phase which “focuses explicitly on the instrumentation that is developed 

to deliver policy outputs” (Howlett et al., 2016, p. 84) and is where the dependencies between 

competing departmental priorities and budgets are addressed and resolved. Not only are the 

streams of this enhanced MSF used to integrate all phases of the policy cycle, this enhanced 

MSF is also used to frame and integrate all the policy actors that decades of policy process 

research have identified. For example, Mukhejee and Howlett (2015) associate the problem 

stream with epistemic communities, the solution stream with instrument brokers and the 

politics stream with advocacy coalitions. 

However, although a case can be made that the 5-stream MSF is the most advanced 

synthesis of policy process theories we have to date, there had always been several problems 

with the MSF approach, and these have been carried over into the 5-stream MSF approach. In 

the first place, what actually is a stream? Beyond a questionable aquatic metaphor this is a 

question that has never really been satisfactorily answered. Almost forty years ago, for example, 

in a 1985 review of Kingdon’s (1984) original book on policy streams, Anthony King had 

already commented: 

 
“Kingdon retreats into a veritable jungle of metaphors, the increasingly bemused reader being 

offered, in no particular order, not just streams and garbage cans but also floodgates, windows, 

anchors, spillovers, bandwagons, many a fertile ground and, not least, a 'policy primeval soup'.” 

(King, 1985, p. 282) 

 



An Algorithmic Theory of the Policy Process 

94 

 

It is true that more recently Howlett et al. (2016, p. 79) have directly asked the question “what 

is a stream and how does it function?”. However, like Kingdon before them, beyond elaborating 

with additional opening and closing “window of opportunity” metaphors the question of what 

is a stream is never really answered with the sort of conceptual precision that is common in the 

process science literature (cf. Howlett et al., 2016, pp. 79-81).  

Secondly, even on its own metaphorical terms, this literature constantly finds ways of 

mixing its metaphors. For example, realizing that different actors such as epistemic 

communities dominate problem streams, instrument brokers dominate solution streams and 

advocacy coalitions dominate politics streams, the MSF literature mixes its metaphors and asks 

the rhetorical question “who is a stream?” (Mukherjee and Howlett, 2015). Although, arguably 

the closest this literature gets to a definition of a stream is “semi-independent events and actors 

interacting with each other” (Howlett et al., 2017, p. 66), its metaphorical approach is unhelpful 

when making conceptual distinctions between process components. Process science, on the 

other hand, not only makes a careful distinction between a sequence of activities and a 

collection of actors that execute the activities, but also dozens of other carefully defined 

conceptual building blocks such as roles, business rules, budgets, milestones, deadlines, logic-

gates and resources that constrain what the actors can and cannot do47. In a similar fashion, 

when discussing the garbage can, Howlett et al confuse participants and choice-opportunities 

as examples of additional streams. This leads them to conclude that the garbage can is not a 2-

stream problem and solution model but instead a 4-stream problem, solution, participant and 

choice-opportunity model (Howlett et al., 2016, p. 82). Process science, on the other hand, 

identifies the concept of a participant with the concept of an actor and the concept of a choice-

opportunity with the concept of a logic-gate. Both the concepts of participants and choice-

 
47 The exact number and definition of the conceptual components comprising a business process model 

depends on the international standard that was used to define that model. For example, a BPMN process model 

can draw on a symbol set of 156 conceptual components whereas and EPC process model can draw on a more 

concise symbol set of 15 conceptual components (cf. Weske, 2019). 
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opportunities are considered quite different from conceptual categories such as activity 

sequences or “streams”. Indeed, it is this much greater definitional precision that is perhaps the 

most striking difference between the process science and public policy process theory 

approaches.48  

Thirdly, the 5-stream variant of MSF identifies only the policy formation phase of the 

policy cycle as a process stream. However, as process science considers any sequence of 

activities to be a process, then process science considers all phases of the policy cycle that can 

be represented as sequences of activities as sub-processes of the policy making cycle. As such, 

both agenda setting and implementation are just as much processes as policy formation from 

the perspective of process science. There is no distinct “process” stream. If the streams are to 

be operationalized as I propose using process science, then all the streams should be considered 

as process streams.  

Finally, and most importantly of all, there is no obvious reason why the MSF should be 

limited to just 2, 3, 4 or 5 policy process streams. This is especially so if, in the absence of any 

other definition, the policy streams are best conceived of as rules based declarative processes 

as I propose. In fact, as we shall see in the case study chapter 7, by the laws of combinatorics, 

even the simplest declarative policy process model may have tens of millions or even an infinite 

number of valid process paths that are in principle available to the policy making participants. 

The details of this alternative rules based declarative approach I will develop in chapters 5 and 

6. However, first we must bring this survey of the policy process theory literature up to date. I 

will therefore conclude this chapter by briefly addressing recent rival proposals to my rules 

based declarative approach for a mechanistic turn. 

 
48 Any convergence between the process science and public policy process theory literatures has certainly 

been extremely rare but the difference in definitional precision between the two approaches can be most clearly 

seen in the handful of attempts by the process science literature to model the policy garbage can in terms of 

mathematically precise Petri-Nets (Heitsch et al., 2000, Kaneda and Hattori, 2006). 
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4.6 The Future: A Mechanistic Turn?  

Beginning in the late 1980’s there has grown a widespread skepticism that the 

prevailing covering law and statistical correlation approaches within the social sciences were 

providing any “explanation at all” (Bunge, 1997, p. 412). This has led to a call, primarily within 

the discipline of sociology (Elster, 1989, Hedström and Swedberg, 1998, Hedström, 2006), but 

also within the discipline of political science (Tilly, 2001, Falleti and Lynch, 2009, Mayntz, 

2020) for the opening up of the black box49 of social phenomena to explanation in terms of 

causal mechanisms. Policy process theorists have been late to the causal mechanism party but 

recently several policy process theorists, especially those involved in the grand MSF synthesis, 

have announced a new mechanistic turn (Capano, 2020, Capano and Howlett, 2021, Capano et 

al., 2019b). Capano, for example, observes: 

 
“Public policy theorizations appear nearly ‘prearranged’ from a mechanistic perspective. In fact, 

terms such as social learning, bandwagoning, coalition building, compliance, spill-over, 

feedback, and increasing returns, which are commonly used to indicate causal factors in the 

policymaking process, can be understood in terms of mechanistic thinking.” (Capano, 2020, p. 

121) 

Not only that: 
 

“In general, policy scholars search for mechanisms even if they are unaware of them or if they 

use different terminology. When policy dynamics are reconstructed, what is under scrutiny is 

the causal pathway through which actors, ideas, institutions and contextual conditions interact 

with each other to produce a specific outcome.” (Capano, 2020, p. 126) 

 

Other policy process scholars have gone much further. Lindquist and Wellstead (2019), for 

example, subject several of the most prominent public policy theories texts to a state of the art 

 
49 Bunge has been particularly inventive in the use of metaphor to explain how this “paradigm shift” is 

to be brought about. Black box explanations are to be replaced by “gray box” or even “translucent box” 

explanations (Bunge, 1997, p. 427). 
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analysis by the QSR Nvivo text analysis tool. Not only, like Capano, do they find qualitative 

evidence of a latent causal mechanism approach already pre-existing in the large policy process 

theory corpus, they find quantitative evidence as well.50 

However, what exactly is a mechanism? Despite widespread acceptance of the need for 

the concept of causal mechanisms in explanatory accounts of social phenomena there is 

remarkably little consensus on what a causal mechanism actually means. Peter Hedström, one 

of the key figures promoting the causal mechanism approach, defines a mechanism as: 

 
“a basic constellation of entities and activities that are spatially and temporally organized in 

such a way that they regularly bring about the type of phenomena we seek to explain.” 

(Hedström, 2006, p. 75) 

 

Much like Howlett et al.’s ” (2017, p. 66) definition of a stream as “semi-independent events 

and actors interacting with each other” , this definition of a mechanism is also very similar to 

the process science understanding of the concept of a process as a sequence of interacting 

activities and actors. Indeed, although Gerring, for example, found that there were no less than 

nine definitions of a mechanism in common usage, he would ultimately conclude that only the 

definition of a mechanism as a “pathway or process by which an effect is produced” was 

“consistent with all contemporary usages and with contemporary practices within the social 

sciences” (Gerring, 2007, p. 161).51 

 
50 Arguably, reading a pre-existing causal mechanism approach into the classic policy process theory 

texts is hardly surprising. Gerring, for example, observes that the specification of mechanisms and the engagement 

in detailed causal reasoning “are not at variance with traditional practices in the social sciences and thus hardly 

qualify as a distinct approach to causal assessment” (Gerring, 2010, p. 1499). Neither are the techniques of 

computerized text analysis a particularly recent approach. Sixty years ago, Holsti et al. (1964, p. 177) used 

Stanford University’s “General Inquirer” program on an IBM 7090 mainframe computer to analyse “the entire 

verbatim text of every available document” authored by the five key US decision makers during the 10 day period 

of the 1962 Cuban missile crisis. 
51 A few years later, Mahoney (2001, pp. 579-80) would best Gerring and count an incomplete list of 24 

different definitions by 21 authors of the concept of a causal mechanism.  



An Algorithmic Theory of the Policy Process 

98 

 

In direct contrast to Gerring, however, for Capano “mechanisms are not necessarily 

only processes” (Capano, 2020, p. 120). Mechanisms are instead a twofold conception of both 

“processes . . . and sets of [interacting] entities” (Capano, 2020, p. 120). This distinction 

between mechanisms and processes, even when mechanisms are elaborated with first and 

second-order meanings (Capano, 2020, Capano and Howlett, 2021, Capano et al., 2019a), is 

nonetheless unconvincing. Within process science, whatever process notations have been 

proposed have almost always had both a dynamic and a structural aspect, Capano seems to 

confuse a process solely with an activity sequence when a process, certainly within process 

science, has usually been considered a combination of activity sequences and a multitude of 

other carefully defined structural entities such as actors, milestones, documentary artifacts, and 

decision gates. For the purposes of this thesis, I will therefore consider a mechanism, after 

Gerring, to be indistinguishable from a process in practical terms. 

Before leaving the topic of causal mechanisms we must briefly address the closely 

related topic of process tracing. Beginning a decade or so ago, within the discipline of political 

science, a consensus emerged around the qualitative techniques of process tracing as the best 

method of identifying and/or reconstructing the causal mechanisms driving important political 

processes (Bennett and Checkel, 2014, Hall, 2013). Subsequently it has come to be considered 

especially useful for the purposes of theory formation as the technique will usually result in the 

tracing of several equally plausible processes that can be subjected to empirical Bayesian 

analysis (Beach, 2016, Beach and Pedersen, 2019, Beach, 2020).52 Consequently, those coming 

from a process science background will recognize some similarities to the technique of 

stepwise refinement described in section 1.3.2. Both techniques, for example, start with 

 
52 The frontier of process science research is now less concerned with qualitative techniques such as step-

wise refinement (or process tracing) than with the quantitative techniques of process mining (van der Aalst, 2016). 

The current highly manual character of the policy making process, lacking any significant computer log data stores 

of policy decision making, places considerable obstacles in the path of policy process research adopting the 

process mining approach. It is possible, however, that large data stores of minuted public decision making could 

be used instead to mine (or reverse engineer) realistic declarative decision making models. 
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unstructured primary source or archival plain text from which are reconstructed much more 

structured process descriptions of social episodes of interest. In this sense it is tempting to 

consider process tracing to be entirely complimentary to the initial step-wise refinement stage 

of declarative modelling.  

There are however some significant differences between the two approaches. Typically, 

process tracing is applied to social episodes of a broad historical sweep. Renate Mayntz (2020) 

for example applies the technique to an analysis of the Great Crash of 2008 whilst others have 

applied it to an analysis of the mechanisms underlying European integration (Schimmelfennig, 

2014) or explaining the end of the Cold War (Evangelista, 2014). Process science’s stepwise 

refinement of much simpler industrial or production processes certainly does not share this 

broad historical ambition. Arguably though process science’s technique of stepwise refinement 

has nevertheless had a much greater impact on the shaping of the global economy than process 

tracing. In addition, in chapter 6 I will argue that when adapted to the needs of the public policy 

process research agenda, stepwise refinement also has the potential for a much greater impact 

on the shaping of the constitutions of future public policy decision making and governance 

frameworks.  

Other important differences between process tracing and stepwise refinement are that 

process tracing lacks a formal graphical notation so that it is difficult to see how any 

quantification beyond statistical correlation is possible. The processes that are traced are also 

implicitly imperative. It is not the purpose of process tracing to identify the institutional 

constraints and rules that inform the construction of a declarative process. So, despite the 

tendency of process tracing to tackle the “big” questions it is difficult to see how an imperative 

approach could ever scale to provide quantifiably convincing explanations of the complexities 

of entire historical episodes. It is not a coincidence that process science evolved a declarative 

approach to the analysis of business processes that are only a fraction of the complexity of the 
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historical and social processes studied in political science.53  Further, not only is it not the 

purpose of process tracing to identify the institutional constraints involved in social episodes 

in sufficient detail for a next layer of quantitative analysis and declarative modeling, but it is 

also not the purpose of process tracing to identify any process components in sufficient detail 

for the needs of any type of process modelling.  

By way of concluding this section, none of this is to say that process tracing and 

stepwise refinement could not complement each other but there would certainly be much basic 

methodology research required to usefully align the two techniques. Neither should the 

difficulty be underestimated of identifying which causal mechanism, or process pathway for 

that matter, amongst the “litany of theoretically plausible causal mechanisms” (Gerring, 2010, 

p. 1510) causes any particular outcome. In the same edited volume in which Capano et al. 

(2019b) introduce the notion of first and second-order mechanisms in policy design, Kent 

Weaver also introduces a note of caution. He warns of the potentially large number of equally 

plausible causal mechanisms that could in principle be identified from the reverse engineering 

of the retirements savings policy literature (Weaver, 2019). Consequently, it should come as no 

surprise that in chapter 7, that under certain artificial modelling constraints designed to ensure 

a finite calculation, that more than 37.5 million decision paths were available to the Wuhan 

municipality public health officials fighting the initial COVID-19 breakout. Further, once those 

artificial modelling constraints are lifted, the number of decision paths facing the Wuhan public 

health officials were effectively infinite. 

4.7 Conclusion 

Whether you are inclined to approve or disapprove of the results, few would dispute 

the enormity of the influence of the disciplines of information science and business 

 
53 Hybrid imperative and declarative process modelling is currently actively researched. For an example 

of extending the popular BPMN imperative modelling language with declarative modelling features see De 

Giacomo et al. (2015). 
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administration on our common experience of a long period of hyper-globalization. The same 

cannot be said for the policy sciences. In his 2020 obituary for the legendary policy scientist 

Peter deLeon, Christopher Weible would write: 

 
“Unsurprisingly, Peter’s sharpest criticism of the policy sciences is its lack of observable and 

consistent influence on government and society (deLeon, 1989, deLeon, 1997, deLeon and 

Weible, 2010). This limitation has been attributed to poor quality or irrelevance of many 

analyses and, of course, politics, wherein values, passions, and interests always dominate and, 

in many cases, probably should.” (Weible, 2020, p. 392) 

 

Indeed, for deLeon a large part of the failure of the policy sciences to make much practical 

impact on the real world conduct of public policy was its tendency to pit the “welfare 

economics or benefit/cost analysis” of a positivist approach against “the more intangible . . . 

normative aspects” of a post-positivist approach (deLeon, 1998, p. 152). Later, in the same 

article, deLeon made his position crystal clear on the relative merits of positivist instrumental 

approaches versus post-positivist normative approaches to the analysis of public policy: 

 

“it would seem foolish to set the two concepts at odds, in a zero-sum game, as opposed to use 

them to inform and support one another.” (deLeon, 1998, p. 157) 

 

Of course, what deLeon meant, writing almost a quarter of a century ago, was that 

instrumental and normative approaches to the study of the public policy process were 

complimentary. In the coming chapters I will take a very different position. Modern advances 

in artificial societies, artificial intelligence and advanced robotics mean that the evaluation of 

the impact of norms and values on policy design or outcomes can no longer be considered the 

sole monopoly of the disciplines of philosophical ethics, qualitative political science, the liberal 

arts or even the critical literatures. In fact, the algorithmic treatment of norms and values has 

been at the frontier of information science since at least 2006 (COIN 2006, 2007). In other 
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words, there is nothing intrinsic in a positivist approach, or at least a positivist approach 

conceived of in information-theoretic terms, that precludes the quantitative analysis of the role 

of normative societal values. I therefore take a position contrary to deLeon that instrumental 

and normative approaches to the study of the public policy process are no longer necessarily 

just complementary. At least in information theoretic terms these approaches should now be 

considered conjoint. It is high time to put aside “recipe(s) for mixing stages, cycles, soups and 

streams” (Howlett et al., 2016). Instead, it is time to find a way of integrating the normative 

insights of political science with the value free instrumentalism of process science. This is the 

topic of chapter 5. 
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5 An Algorithmic Theory of the Policy Process 

Over the course of chapters 2, 3 and 4 an inventory of many intersecting literatures has 

been taken. Necessarily, this has been a complex and at times unfamiliar story. However, an 

exhaustive analysis of the nature of problem solving in the information science, business 

administration and political science literatures has revealed just three distinctive policy process 

research agendas. They can be reprised as follows.  

5.1 Policy Process Research Agendas 

The first, and arguably the least promising policy process research agenda, is the 

traditional, rather siloed public policy theory literature covered in chapter 4. To a certain extent 

this literature has converged on an intra-disciplinary synthesis around the multiple streams 

framework (MSF) approach, but it lacks any connection to the already one hundred year old 

process science research agenda laid out in chapter 2. Its prospects for any real progress or 

quantification by reinventing the wheels of the much better resourced process science research 

agenda are therefore rather bleak.  

The second policy process research agenda identified is a new mechanistic turn 

described in section 4.6. In effect, this literature is aligning the traditional public policy process 

theory literature with the tools and techniques of rational choice institutional economics. 

Examples of this theoretical alignment include the adoption of the techniques of algorithmic 

game theory described in sections 3.2 and 3.3 and the adoption of the imperative process 

modelling tools described in section 2.3. Superficially the prospects for real progress and 

quantification within this research agenda may appear much more promising as its alignment 

with the interests of big business and legacy information technology means that it is in principle 

able to draw on a very deep resource pool. However, we have been here before with the 

Planning, Programming, and Budgeting System (PPBS) in the 1960’s and New Public 

Management (NPM) in the 1980’s. We should heed the warnings of Wildavsky (1969) and 
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Hood (1991) and learn the lesson that the modelling of the essentially normative character of 

the public policy making process in terms of utility maximizing rational choice actors is not 

only extremely unrealistic but also misguided.  

The third, and most promising policy process research agenda, I argue, is therefore the 

topic of this thesis. I propose a declarative process driven research agenda whose central thesis 

is that the public policy process problem solving process is a unique process in only one respect. 

When declaratively modelled, public policy process problem solving is constrained by a larger 

normative superset of social rules compared to the smaller value-free set of often utility 

maximizing social rules studied in private business process problem solving. In other words, 

all problem solving, including the normative problem solving so characteristic of the public 

policy making process can in principle be conceptualized in the same way. Viewed from this 

perspective this policy process research agenda can be considered to be grounded in both an 

information theoretic conceptualisation of problem solving and a normative operationalization 

of the long line of problem-solving theorizations of the State. As such, from the perspective of 

legacy public policy analysis, it is a research agenda that draws on the long tradition of Dewey 

(1927), Lasswell (1951), Heclo (1974), Chisholm (1995), Scharpf (2003), Turnbull (2006), 

Hoppe (2011), Lodge and Wegrich (2014), and Thomann et al. (2019).  

There remains, though, a rather large theoretical elephant in the room. Whilst the survey 

of the literatures, in chapters 2, 3 and 4, certainly provides the necessary foundations on which 

an algorithmic theory of the policy process can be built, it is not by a long-shot sufficient. A 

new algorithmic theory of the policy process will require not only a new declarative rules based 

model of the policy process. A new algorithmic theory of the policy process will also require a 

new normative model of problem solving policy actors. Unavoidably, this requirement must 

challenge the often implicit assumption of utility maximizing policy actors in the currently 

dominant theories of the policy process, so, this will be by far the most difficult theory building 
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task of all. Nevertheless, this is exactly what we will do in section 5.2 and it is to this task that 

we will now turn. 

5.2 An Ontology of Problem Solving Policy Actors 

An ontology can be thought of as an “explicit specification of a conceptualization” 

(Gruber, 1993, p. 199). It is the formal definition of all the concepts, entities, categories, and 

their relations that comprise a subject matter domain. It is an essential prerequisite for 

unambiguous communication by experts and non-experts alike. Nevertheless, an accepted 

ontology is missing from the field of policy process analysis, particularly the field of 

international policy process analysis. Famously, Easton (1953, 1965a, 1965b, 1990) had 

attempted this for domestic unitary regimes, but although groundbreaking at the time, his 

systems ontology soon fell out of disfavor. Less ambitiously, Crawford and Ostrom (1995) also 

did this with their grammar of institutions. However, the evolution of information science since 

Easton’s time has made ontologies in a variety of subject matter domains unrelated to political 

science rather commonplace. Often these are codified in terms of international standards. This 

is a prerequisite in the internet age, for example, for suppliers within complex international 

business value and supply chains to communicate and interoperate with each other’s otherwise 

incompatible production processes and computer systems. Where public sector governance 

services can be conceptualized in a similar way to private sector business services, governance 

service delivery ontologies have even emerged out of the e-Government and Digital Era 

Governance (DEG) literatures (Peristeras et al., 2009, Hinkelmann et al., 2010, Tzagkarakis et 

al., 2021).  

An agreed ontology, however, particularly in the domain of international policy process 

analysis remains elusive. 54  Nevertheless, there is essentially the same requirement for 

 
54 One notable exception is the EU funded ICTE-PAN program that did produce an ontology to support 

heterogeneous government to government (G2G) collaboration (cf. Loukis, 2007). 



An Algorithmic Theory of the Policy Process 

106 

 

participants within fragmented political systems to not only communicate and interoperate 

within regime boundaries but increasingly in an international context to communicate and 

cooperate across regime boundaries. There are now a whole range of policy domains from 

global warming to cross-border taxation of multi-national corporations that can no longer be 

effectively governed within the boundaries of unitary domestic regimes. Consequently, an 

agreed ontology of the international policy making process has never been more urgent. 

However, an ontology across a subject matter domain as broad as international policy making 

would itself have a very broad scope. I will return to this topic briefly in section 8.8 but here I 

will limit myself to a few remarks concerning an ontology of problem solving policy making 

actors that will be necessary for the algorithmic theory of the policy process that will be 

specified in section 5.3. 

5.2.1 International Standards 

It is not uncommon in the policy process literature to define policy making actors and 

their various roles and responsibilities in the policy making process. Knill and Tosun, for 

example, define policy actors as: 

 
“individuals, corporations, or other collective entities, who possess policy preferences and the 

desire to realize them through their participation in the policy-making process.” (Knill and 

Tosun, 2012, p. 41) 

 

With a definition of policy actors this broad it is not surprising that Knill and Tosun 

(2012, pp. 55-66) must then go on to define not only the major public policy making actors 

involved such as executives, legislatures, judiciaries, and public administrators, but also the 

major private policy making actors such as advisors and interest groups and other civil policy 

making actors. However, Knill and Tosun’s list of policy actor definitions is far from complete 

and is certainly not subject to any binding consensus that both researchers and practitioners in 
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the policy process field could agree to. There is a very long tradition, for example, of widening 

the definitional scope of the actors involved in the policy making process from socially 

privileged iron triangles (Truman, 1951, Dahl, 1961, Lowi, 1969), to socially broader epistemic 

communities (Haas, 1992) and issue networks (Heclo, 1978), and even socially much broader 

still street-level bureaucrats (Lipsky, 1980). Luckily, there is an alternative. The International 

Labor Office (ILO) of the UN takes the approach that policy making is an occupation like any 

other and that policy making occupations fall under three main occupational categories of 

specialists, professionals, and managers. These occupational categories are defined in detail in 

the ISCO-8 standard (International Labour Office, 2012). A similar approach is taken by the 

EU in a competing ESCO standard (European Commission, 2019a). The purpose of these 

occupational standards is to provide an unambiguous reference in a globalized labor market 

that defines all jobs within the EU and across the globe and satisfies “the demand for 

internationally comparable occupational data for both statistical and administrative purposes” 

(International Labour Office, 2012, p. 4). As such: 

 
“ISCO-08 is a four-level hierarchically structured classification that allows all jobs in the world 

to be classified into 436 unit groups. These groups form the most detailed level of the 

classification structure and are aggregated into 130 minor groups, 43 sub-major groups and 10 

major groups, based on their similarity in terms of skill level and skill specialization required 

for the jobs. This allows the production of relatively detailed internationally comparable data 

as well as summary information for only 10 groups at the highest level of aggregation.” 

(International Labour Office, 2012, p. 3) 

 

Based on this hierarchical classification, the ISCO-08 standard is then able to define 

unambiguously not only private sector commercial occupations but also those occupations 

involved in the public sector policy making process. For example, legislative actors are defined 

as follows: 
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“Legislators determine, formulate and direct policies of national, State, regional or local 

governments and international governmental agencies, and make, ratify, amend or repeal laws, 

public rules and regulations. They include elected and non-elected members of parliaments, 

councils and governments.” (International Labour Office, 2012, p. 89) 

 

Whereas public administration actors are defined as: 

 
“Senior government officials advise governments on policy matters, oversee the interpretation 

and implementation of government policies and legislation by government departments and 

agencies, represent their country abroad and act on its behalf, or carry out similar tasks in 

intergovernmental organizations. They plan, organize, direct, control and evaluate the overall 

activities of municipal or local, regional and national government departments, boards, agencies 

or commissions in accordance with legislation and policies established by government and 

legislative bodies.” (International Labour Office, 2012, p. 89) 

 

Even traditional chiefs and heads of villages are defined: 

 
Traditional chiefs and heads of villages perform a variety of legislative, administrative and 

ceremonial task and duties, determined by ancient traditions as well as by the division of rights 

and responsibilities between village chiefs and the local, regional and national authorities.” 

(International Labour Office, 2012, p. 90) 

 

In order to facilitate communication amongst the policy process research community 

and also facilitate communication between policy researchers and policy practitioners it is 

absolutely vital that this international standards work on policy actor ontology be incorporated 

into a new generation of public policy oriented declarative process modelling tools. Not only 

that, but the public policy process research community should also be participating in 

international standards initiatives like the ISCO-8, to ensure that the ISCO-8 standards and 
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other evolving international standards meet the requirements of the public policy and public 

administration research agenda. 

5.2.2 Alternatives to Rational Choice 

Unfortunately, due to their origins in the business process literature, what all current 

declarative business process tools have in common is that they provide only a means of 

modelling utility maximizing business actors and not normatively driven policy making actors. 

In other words, with all the currently available business oriented declarative modelling tools, 

including the DECLARE tool used in this thesis, there is simply no way around the implicit 

assumption that all actors are rational in a utility maximizing sense. What then would be a 

better model of human behavior that could replace rational choice reasoning in a policy making 

context? One option is Ostrom’s proposal for an alternative model of human policy making 

behavior based on the deontic categories of obligation and duty (Crawford and Ostrom, 1995, 

pp. 584-5). This option we have already discussed in section 3.3 and I will not further elaborate 

here. 

Nevertheless, given the central role that liner temporal logic (LTL) modal reasoning has 

in most systems of declarative process modelling, it is worth pointing out that there have been 

many proposals for the convergence of LTL with various systems of deontic logic. This has 

been especially noticeable in the business process deadlines literature (Dignum and Kuiper, 

1997, Broersen et al., 2004), the corporate accountability and blameworthiness literature 

(Grossi et al., 2007), and the corporate regulatory and compliance literature (Hashmi et al., 

2016). This raises several interesting possibilities for future work in the public sphere where 

there is a similar requirement for more formal tools to better reason normatively about the 

consequences to policy making of deadlines, accountability and blameworthiness, and 

regulation and compliance. For example, the business process deadlines literature has a clear 

link to Simon’s (1957) concepts of bounded rationality and satisficing. Nevertheless, another 
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much more important option is to find a way of more formally modelling the argumentative 

and persuasive use of language and rhetoric that is so characteristic of actors engaging in the 

policy making process. It is this option that we will now address. 

5.2.3 The Argumentative Turn 

What came to be known as the “argumentative turn” first came to prominence with the 

publication of Fischer and Forester’s (1993) edited volume The Argumentative Turn in Policy 

Analysis and Planning. However, a general dissatisfaction with the failure of the 1960’s 

“rationality project” (Stone, 1988, p. 22) had already led several writers to develop the theme 

of a constitutive role for language in the policy making process much earlier. For example, by 

the late 1980’s Giandomenico Majone had concluded that “argument is central in all stages of 

the policy process” (Majone, 1989, p. 1). Other important contributions from the period include 

McCloskey’s (1985) investigation of the role of rhetoric in the formulation and presentation of 

economic policy, Stone’s (1988) demonstration of how power relations create shared policy 

meanings, and Dryzek’s (1990) advocacy of a discursive democracy policy making style. 

Nevertheless, it was Fischer and Forester’s (1993) publication that was instrumental in bringing 

the broad church of policy theorists who considered language to be constitutive of social reality 

under a single ‘argumentative turn’ rubric. In Fischer and Forester’s own words: 

 
“What if our language does not simply mirror or picture the world but instead profoundly 

shapes our view of it in the first place?” (Fischer and Forester, 1993, p. 1) 

 

Whilst not denying the importance of empirical analysis and evidence based techniques, 

ultimately the argumentative turn theorists would go on to reject the idea that policy analysis 

could be reduced to an input-output systems analysis or “a straightforward application of 

scientific techniques” (Fischer and Gottweis, 2012b, p. 2). Instead, the argumentative turn 

promoted a much more inclusive approach that could overcome “the poverty of analytic models 
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that claim to represent what planning and policy analysts actually do” (Fischer and Forester, 

1993, p. 5). As a consequence, whilst the argumentative turn took the normative content of a 

policy argument as the starting point of its analysis, it also embraced both social constructivist 

and rational empiricist techniques. In other words, the job of policy analysis was to provide 

“usable knowledge” (Fischer, 2007, p. 223, 224) for policy practitioners from all possible 

sources. At the same time, policy analysis should uncover “the contentious dimensions of 

policy questions, to explain the intractability of policy debates, to identify the defects of 

supporting arguments, and to elucidate the political implications of contending prescriptions” 

(Hawkesworth, 1988, p. 191).  

Not only that, the empirical study of the policy process by the argumentative turn 

theorists revealed that policy analysts and planners performed a much more overtly political 

role than theorists from the rational empiricist school had given them credit for. “They scan a 

political environment as much as they locate facts” (Fischer and Forester, 1993, p. 2). 

Consequently, especially where they had been asked to assume advocacy roles, “policy 

analysts are - or have to become - political actors, whether or not they wish to” (Fischer, 2007, 

p. 226). From these beginnings, that drew on a rich interpretivist tradition “from British 

ordinary language analysis to French poststructuralism, from the Frankfurt school of critical 

social theory to a renewed appropriation of American pragmatism” (Fischer and Forester, 1993, 

p. 2),55 the argumentative turn has matured into an eclectic research agenda that embraces: 

 
“the role of interpretation in analyzing policy agenda setting, policy development and 

implementation, the use of narratives in policy discourse, the social construction of policy 

findings, citizen participation and local knowledge, participatory policy analysis and 

collaborative planning, gender and feminist epistemology, identity politics in policy discourse, 

 
55 Especially the work of postmodern theorists of social constructivism and communicative practice such 

as Jacques Derrida (1973), Michel Foucault (1977) and Jürgen Habermas (1985). 
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the analysis of deliberative processes, a return to the role of rhetoric, performativity and 

dramaturgy, and discourse analysis more broadly conceived. And, not least important, many of 

those who started with Habermas have continued their project by exploring more closely issues 

of policy deliberation and discursive democracy.” (Fischer and Gottweis, 2012b, p. 8-9) 

 

5.2.4 Defeasible Temporal Logic 

In section 5.2.2 I have already remarked on an active deadlines computer science 

research agenda that is combining the deontic categories of obligation and duty with the 

formalism of temporal LTL logic. However, can the insights of the argumentative turn from 

public policy analysis also be combined with temporal LTL logic in order to animate a much 

more convincing model of policy actors in the DECLARE tool used in this thesis? As it happens, 

in principle, the answer is yes it can. In the first place, there has been since the mid-1980’s an 

active information science research program that has been operationalizing what it calls 

defeasible argumentation frameworks and schemes (Bentahar et al., 2010, Macagno et al., 2017, 

Schneider et al., 2013, Walton et al., 2008). This computational argumentation research 

program draws on exactly the same interpretivist tradition as the argumentative turn of public 

policy analysis, but its origins and motivations in early stage AI research has been very different. 

Not only does computational argumentation have deep historical roots, recently, there has also 

been a resurgence of interest by the AI research community. The widespread introduction of 

autonomous AI, for example, has created a requirement for explainable AI which can argue its 

corner if challenged by the humans it serves (Vassiliades et al., 2021). Similarly, the emergence 

of ‘fake news’, as a damaging social issue, has created a requirement for automated argument 

mining of vast quantities of social media (Sethi, 2017). 

Nevertheless, of more direct relevance to this thesis, is a strand of this computational 

argumentation research program that has always sought to converge temporal reasoning with 

defeasible argumentation (Augusto, 2001, pp. 322-23, Augusto and Simari, 2001). Borrowing 
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heavily from the logicians John Pollock (1974) and Donald Nute (1988) what this literature 

means by defeasible argumentation is not the irrefutable monotonic argumentation of 

mathematics and predicate logic but the tentative non-monotonic argumentation of common 

sense. From this perspective, preferences and conclusions are always predicated on imperfect 

information and constantly subject to dynamic change depending on which new facts become 

available. Reasoning that uses phrases of the type “on the face of it” or “all things being equal” 

are examples of defeasible argumentation and are extremely common in all sorts of social 

interactions, from the everyday to the law and from the ethical to the political. Put another way: 

 
When a rule supporting a conclusion may be defeated by new information, it is said that such 

reasoning is defeasible . . . . When we chain defeasible reasons to reach a conclusion, we have 

arguments, instead of proofs. . . . Arguments may compete, rebutting each other . . . . 

Adjudication of competing arguments must be performed, comparing arguments in order to 

determine what beliefs are justified.” (Chesñevar et al., 2000, p. 338) 

 

Coining the phrase defeasible temporal logic, Augusto and Simari (2001) went on to 

extend Nute’s (1988) more static notion of defeasible argumentation with temporal elements. 

For example, the modelling of a conflict requires that actors hold contradictory beliefs at the 

same time. Later, Budán et al. (2012) took these ideas further by incorporating a temporal 

element into Phan Minh Dung’s (1995) influential argumentation framework. This allowed 

them to reason defeasibly about the legal consequences of statutes of limitations in a way that 

would not otherwise have been possible. Other writers have extended this strand of research to 

the present day. For example, Pardo and Godo (2018) combine temporal reasoning with 

defeasible argumentation to reason about cooperative planning. Tamargo et al. (2021) do the 

same in order to reason about legal dynamics. 

However, none of these information science writers have connected this strand of 

defeasible temporal logic research with the needs of the policy process research agenda. The 
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case study in chapter 7 would have greatly benefited, for example, by the ability to model the 

consequences of policy actors arguing both sides of the public health safety versus economic 

damage debate under grave temporal constraints. We see this policy tension now in all countries 

grappling with the consequences of a third year of Covid-19 pandemic management (cf. Oana 

et al., 2021). Regardless, the decision making required to resolve almost all contentious policy 

issues can be conceptualized as defeasible argumentation under more or less grave sequencing 

dependencies and time constraints.  

Of course, the most notable example is the urgency surrounding a resolution of the 

debate between the North and the South concerning the precise details of the alternative 

decision making frameworks that have been proposed to finalize the Article 6 carbon trading 

rules of the Paris 2015 climate accord. Extending declarative process modelling by replacing 

an implicit rational choice model of policy actor behavior with a defeasible temporal logic 

model of policy actor behavior consequently holds great promise. In principle, the capacity of 

any alternative policy making framework to generate normatively preferred solutions could 

then be objectively compared. 

5.3 An Algorithmic Theory of the Policy Process 

This thesis opened with a simple question. Why do current theories of the policy process 

not model or measure the public policy process using the graphical process notations developed 

in the process science literature? It has taken us more than 40,000 words to get here but we 

now know the answer. The reason is that in the post-war period the needs of business process 

analysis came to dominate social science applications of process science whilst the needs of 

public policy process analysis remained largely unaddressed. At the very least policy process 

analysis would have required the inter-disciplinary synthesis of (i) a problem-solving theory of 

the State from political science, (ii) a defeasible temporal logic replacement of rational choice 

from logical analysis, (iii) a means of rules based declarative process modelling from 
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information science, and (iv) a repurposing of enumerative combinatorics from mathematics. 

Developments in the theory of the policy process like this, or at least similar to this, simply 

didn’t occur. Fortunately, what I will call an algorithmic theory of the policy process, can be 

summarised in less than 100 words with the following propositions: 

 

Proposition 1. All problem solving processes can be conceptualized in the same way. 

Proposition 2. Normative problem solving processes can be represented as declarative 

defeasible temporal logic (DTL) rule sets. 

Proposition 3. Problem solving processes that can be represented as DTL rule sets can 

be effectively calculated. 

Proposition 4. The public policy making process is a normative and inter-disciplinary 

problem solving process whose purpose is the solving of public goods 

allocation problems. 

Proposition 5. Any public policy problem solving processes that can be represented as 

DTL rule sets can be effectively calculated and are therefore algorithms. 

 

In the remainder of this chapter, I will elaborate on the implications of these 

propositions and how we should think about policy process theory building and practical policy 

analysis and recommendation. First, however, a few remarks that expand on the meaning of 

these propositions are in order.  

Proposition 1. All problem solving processes, can be conceptualized in the same way. 

This is the universal principle. All problem solving at any time and in any place and 

within any discipline can in principle be conceptualized in the same way. Although the details 

of problems can vary enormously the principles by which problems are solved should not 

depend on when or where the problem is solved or the disciplinary subject matter of the 

problem whether mathematics, computer science, social science, or any other discipline. 



An Algorithmic Theory of the Policy Process 

116 

 

Proposition 2. Normative problem solving processes can be represented as declarative 

defeasible temporal logic (DTL) rule sets. 

Policy actors engaged in normative public problem solving processes reach public 

decisions under time constraints by arguing defeasibly. Social actors engaged in business 

processes, on the other hand, behave as rational utility maximisers. This is the key difference 

between politically motivated policy actors and economically motivated business actors. 

Proposition 3. Problem solving processes that can be represented as DTL rule sets can be 

effectively calculated. 

DTL rule sets can encode very complex problem solving processes in a highly compact 

form. However, even simple models are likely to involve many millions of possible ‘solution’ 

or process paths. Nonetheless, initial models have proven to be effectively calculable (Dukes 

and Casey, 2021, cf. chapter 7). Although very few metrics are currently available, and no 

calculator is currently available (see section 8.2 for a possible way forward), various 

mathematical techniques and tools are most likely to be key. These include enumerative 

combinatorics (Stanley, 2012) and ALL-SAT56 solvers (Toda and Soh, 2016) and any other 

techniques whose purpose is to identify all possible solution sets to complex constraint based 

problems. 

Proposition 4. The public policy making process is a normative and inter-disciplinary 

problem solving process whose purpose is the solving of public goods 

allocation problems. 

 
56 An ALL-SAT solver is a variant on the classic Boolean satisfiability SAT solver. The purpose of a 

SAT solver is to prove that at least one solution to a Boolean satisfiability problem exists. SAT solvers have a 

very wide applicability in artificial intelligence, circuit design, planning, scheduling, cryptanalysis and many other 

engineering and financial domains. On the other hand, a #SAT or SHARP-SAT solver counts all the possible 

solutions that meet a set of boolean constraints whilst an ALL-SAT solver enumerates them. 
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As Lasswell taught us, all public policy making is normative or value based, inter-

disciplinary and problem-oriented.  

By normative, this proposition means Lasswell’s understanding. In other words, whilst 

a theory of the policy process cannot tell us what normative values society should aspire to, it 

should nonetheless at least be able to tell is what kind of public policy should be adopted for 

the attainment and societal allocation of those values.57 As a starting point Lasswell considered 

the societal allocation of eight base-values of wealth, enlightenment, power, well-being, skill, 

affection, respect, and rectitude as the normative point of any public policy (Lasswell and 

Kaplan, 1950, Lasswell, 1971, Lasswell and McDougal, 1992).58  

By inter-disciplinary, Lasswell generally meant knowledge in the content of specific 

policy subject matter domains. For Lasswell knowledge of the public policy decision making 

process was often viewed in much less inter-disciplinary terms and more as a specialism of 

political science. By contrast, this proposition means that the policy making process itself and 

not just policy making content, must be considered to be explicitly inter-disciplinary in terms 

of at least political science, logical analysis, information science, and mathematics. 

By problem solving, this proposition means that not only is policy making about solving 

societal problems in the pragmatist philosophical tradition (Dewey, 1927) or in the sense of 

problem solving theories of the State that followed from on from Lasswell (1951) to the present 

day.59  By problem solving this proposition also means problem solving in the rules based 

algorithmic sense of information science (Kowalski, 1979). 

 
57 Arguably Easton said it better in his account of Lasswell. “Even if ultimate goals lie beyond the 

margins of social science, what can the social scientist tell society about the kind of public policy it ought to adopt 

for the attainment of its goals?” (Easton, 1950, p. 451). 
58 Lasswell’s moral philosophy is beyond the scope of this thesis. A discussion of his understanding of 

‘human dignity’ can be found in Mattson and Clark (2011, pp. 310-313). 
59 For examples of theorists following on from a Dewey and Lasswellian tradition of a problem solving 

theorization of the State see, Heclo (1974), Chisholm (1995), Scharpf (2003), Turnbull (2006), Hoppe (2011), 

Lodge and Wegrich (2014), and Thomann et al. (2019). 
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Proposition 5. Any public policy problem solving processes that can be represented as DTL 

rule sets can be effectively calculated and are therefore algorithms. 

Public policy problem solving processes can be represented declaratively in terms of 

DTL rule sets that separate public policy domain subject matter ‘logic’ from public policy 

making procedural ‘control’ (cf. section 2.1.5). These declarative models can in principle be 

effectively calculated so any public policy problem solving processes that can be represented 

as declarative DTL rule sets can be considered algorithms in the Kowalski sense. 

5.3.1 Divergent Research Traditions 

The research surrounding process science and public policy process theory has followed 

very different paths. If we consider process science to comprise the literature addressed in 

chapter 2 and public policy process theory to comprise the literature addressed in chapter 3 and 

4, then we are now in a position to summarize their relative successes, failures, intersection 

points and especially the degree to which they supported Lasswell’s criteria that the public 

policy process should be problem oriented, inter-disciplinary and above all normative. 

5.3.1.1 Process Science 

Succeeded 

• Process science succeeded in systematizing the graphical modelling of 

processes in several fields including information science, business 

administration and many natural sciences (Lee et al., 2009, van der Aalst, 2016, 

pp. 55-88, Weske, 2019). 

• Process science also succeeded in quantifying imperative business processes in 

terms of measurable properties and metrics (Makni et al., 2010, pp. 231-235, 

Sadowska, 2015, pp. 63-67). 
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• Additionally, process science managed to define problem solving in terms of 

both imperative algorithms (Böhm and Jacopini, 1966) and declarative 

algorithms (Kowalski, 1979).  

• Process science has had some limited success in modeling normative processes. 

For example, normative electronic institutions (NEI) (cf. COIN 2017 and 

COINE 2020, 2021). 

• There has also been some limited inter-disciplinary engagement. Primarily the 

symbiotic relationship between information science and business administration 

(Davenport, 1993, Hammer and Champy, 1993). 

• Process science has systematized various modal logics including deontic logic 

(Dignum and Kuiper, 1997, Grossi et al., 2007, Hashmi et al., 2016) and various 

temporal logics including linear temporal logic (LTL) (Pnueli, 1977) and 

defeasible temporal logic (DTL) (Chesñevar et al., 2000).  

• Process science also arrived at rules based declarative modelling (Pesic et al., 

2007). 

• Finally, process science managed to turn process analysis into an empirical 

science with its focus on the process mining of computer log files (van der Aalst, 

2016). 

Did not succeed 

• Process science can only be considered moderately interdisciplinary from the 

perspective of public policy process theory. Primarily it evolved a symbiosis 

between information science and business administration. Any engagement 

with political science and public administration, by for example e-Government 

or Digital Era Governance (DEG), has been in terms of public services delivery 

that can be modelled in a similar way to private services delivery. 
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• Process science has only engaged with the modelling of normative processes, 

so characteristic of public policy process theory, on the frontiers of information 

science. For example, the discipline of information science has engaged 

normatively with the disciplines of political science and public administration 

via the study of normative electronic institutions (NEI) and multi-agent systems 

(MAS). 

• Metric construction and the quantitative analysis of the properties of declarative 

(as opposed to imperative) processes is only at the earliest research stage (Marin, 

2017). 

• Social science applications that can model policy actors in terms of defeasible 

temporal logic (DTL) are not currently available.60  

• The process mining literature, within process science, has not provided a means 

of analyzing the unstructured minutes produced by computer assisted policy 

making processes to compliment the analysis of the highly structured log-files 

produced by fully-automated business processes. 

5.3.1.2 Public Policy Process Theory 

Succeeded 

• Public policy process theory did arrive at a process paradigm. This is 

qualitatively clear in the work of the pluralists (McFarland, 2004), the 

governance as a process theorists (Pierre and Peters, 2020) and the multiple 

stream theorists (Goyal and Howlett, 2020). In a more quantitative sense, it is 

only clear in the work of the garbage can theorists (Lomi and Harrison, 2012). 

 
60  The primary application of defeasible argumentation research is currently the study of smart 

environments such as the home, office, retail, hospital, public transport, factory, or other environments that can 

anticipate and interact with human actors. Collectively this research is known as ambient intelligence (AmI). See, 

for example, Oguego et al. (2021). 
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In all cases, however, this work was very undertheorized compared with the 

work in process science.  

• Public policy process theory also engaged with the concept of problem solving 

and by analogy the concept of algorithms through a long tradition of a problem 

solving theory of the State (Dewey, 1927, Lasswell, 1951, Heclo, 1974, 

Chisholm, 1995, Scharpf, 2003, Turnbull, 2006, Hoppe, 2011, Lodge and 

Wegrich, 2014, Thomann et al., 2019). 

• There has also been a long tradition of formal modeling within the public policy 

process literature, particularly in terms of the theory of cooperative games 

(Ostrom, 1990, Taylor, 1987) and its modern resurgence as algorithmic game 

theory (Brandt et al., 2016, Roughgarden, 2016). 

• In a limited, primarily deontic sense, public policy process theory can also be 

said to have arrived at rules based institutional modelling (Crawford and Ostrom, 

1995). 

• Public policy process theory has also had some limited engagement with formal 

normative modelling (Scharpf, 1997, Schmidt, 2013, Schmidt and Wood, 2019) 

• Public policy process theory also engaged with alternative modal logics like 

argumentation, but it was never well formalized (Fischer and Forester, 1993, 

Fischer and Gottweis, 2012a). 

Did Not Succeed 

• Public policy process theory did not develop a means of graphically modelling 

and quantifying the public policy process. 

• Public policy process theory did not generalize a problem solving theorization 

of the State as a special case of normative algorithmic problem solving. 
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• Public policy process theory did not systematize and formalize alternative 

modal logics of the policy process such as argumentation and persuasion. 

• Public policy process theory did not systematize the normative properties of 

public problem solving in any quantifiable way. 

• Public policy process theory has not engaged with the process science 

developed in either business administration or information science in any inter-

disciplinary meaningful way. 

5.3.2 Summary Gap Analysis 

How well the various information science, business administration and political science 

literatures reviewed in chapters 2, 3 and 4 satisfy the postulates of an algorithmic theory of the 

policy process can therefore be summarized in table 5.1. In many cases, it is clear that, although 

they have been working largely in isolation, the gaps in one research tradition have been 

addressed, at least partially, in another, and vice-versa. For example, declarative process 

modelling is not addressed in political science, but it is addressed in information science and 

business administration. Similarly, normative modeling of actors has been addressed only in a 

limited way in highly specialized sub-disciplines in information science and business 

administration but has been of course a cornerstone of the study of political science for 

millennia. It is on this basis I contend that a productive synthesis of mutual benefit to all 

research traditions is possible, and it is high time for a bold new synthesis of the information 

science, business administration and political science literatures around a study of problem 

solving and algorithms. 
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   Proposition 1 Proposition 2 Proposition 3 Proposition 4 Proposition 5 

 Imperative 
Process 
Diagraming 

Imperative 
Process 
Metrics 

Declarative 
Process 
Diagraming 

Declarative 
Value-Free 
Metrics 

Rules Based 
Public Sector 
Modeling 

Normative 
Theory of Agency 

Declarative 
Normative 
Metrics 

Problem 
Solving 
Paradigm 

Algorithmic 
Paradigm 

Information 
Science 

Yes Yes Yes 
No (Very few. 
Early stage 
research) 

Yes (for example 
EI) 

Yes (for example 
NEI, Kantian 
machines, ASDV 
and BD) 

No No Yes 

Business 
Administration 

Yes Yes 

Qualified yes. 
Not widely used 
in either the 
private or 
public sector 

No (Very few. 
Early stage 
research) 

Qualified yes 
(Some limited 
success in the 
Danish service 
delivery public 

sector) 

 No No Yes 

Political Science          

Governance No No No No 
Yes (for example 
NI) 

Yes, (for example 
IAD) 

No Yes Yes 

Public Policy          

MSF No No No No   No   

ACF No No No No   No  ` 

PET No No No No   No   

AT No No No No Yes Yes No Yes Yes 

ATPP N/A N/A Yes N/A 
Yes (for example 
declarative 
constraints) 

No (the actor is 
not explicitly 
modelled, cf. sect. 
8.4.7) 

Yes (examples 
presented this 
thesis) 

N/A Yes 

Table 5.1: Compliance of the Process Science, Business Administration and Political Science Literatures with the Postulates of an Algorithmic Theory 
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5.3.3 Framework, Theory or Model? 

In section 4.1 I briefly referred to Elinor Ostrom’s distinction between the often 

interchangeably used terms framework, theory, and model. In summary, for Ostrom 

frameworks provide the most general ontology of universal elements, variables and a shared 

vocabulary that are needed to reason and communicate within and across disciplines about a 

phenomenon. Theories, on the other hand, hypothesized in a much more detailed way which 

elements of a framework are relevant to an understanding of a phenomenon’s properties and 

processes and what the causal relations between those elements might be. Finally, models use 

“logic, mathematics, game theory, experimentation and simulation, and other means” to test 

the hypothesis generated by the theories (Ostrom, 1999, pp. 39-40, Ostrom, 2005, p. 27). How 

then does the algorithmic theory of the policy process presented here fare? Is it a framework, a 

theory or a model and why is this distinction important?61 

Firstly, it is not a framework. Rather it is a social science theory that has been positioned 

in the much broader inter-disciplinary framework of process science. It is precisely this 

positioning that holds out the prospect of connecting policy process analysis with the tools and 

results of decades of process research in the much more mature fields of information science, 

business administration and many natural sciences. As such this is a much deeper positioning 

within a much broader scientific framework than has been achieved by the current crop of 

dominant policy process theories. Indeed, as Edella Schlager, a former pupil of Elinor Ostrom 

remarked in the second edition of Theories of the Policy Process: 

 

 
61 Ostrom considered this distinction so central to the conduct of social science that not only would she 

weave it into numerous writings starting in 1985 with her initial Formulation of the Elements of Institutional 

Analysis (Ostrom, 1985), but almost a quarter of a century later she would feature it prominently in her Nobel 

Prize acceptance speech (Ostrom, 2010, p. 646). Famously, and much better known to a policy analysis audience, 

she also made the distinction in her contribution to the first edition of Sabatier’s Theories of the Policy Process 

(Ostrom, 1999, pp. 39-40). 
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“As a careful reading of the papers in this volume reveals, policy scholars do not explicitly 

identify the framework within which their work is situated . . . . Only two papers explicitly 

identify a framework and situate their work within it; the frameworks are the advocacy 

coalitions framework (ACF) and theory and the institutional analysis and development (IAD) 

framework and associated theories.” (Schlager, 2007, p. 294) 

 

Nonetheless, although Elinor Ostrom has been a rare example where policy process 

theorizing has been explicitly positioned within a framework, I would argue that Ostrom’s 

positioning has been far too narrowly focused within the discipline of economics to 

meaningfully address the many global policy challenges with which humanity is now faced.62 

It is not enough that the IAD framework is broad enough to embrace economic theories as 

varied as “game theory, transaction cost theory, social choice theory, covenantal theory, and 

theories of public goods and common-pool resources” (Ostrom, 2007, p. 26). Any conceptually 

useful organizing framework must now address both the natural and social sciences as a unified 

whole. For example, there is a mountain of evidence to suppose that “the Earth System defined 

as [planetary] integrated biophysical and socioeconomic processes” (Rockström et al., 2009, 

p. 23) must now itself be governed globally within nine strict planetary systems boundaries if 

catastrophic environmental collapse is to be avoided. It is no longer sufficient, for example, 

that political decision makers and climate scientists share a common vocabulary so that any 

dialogue is possible at all. I argue, instead, that it is time for a bold new process science that 

can embrace the totality of deeply integrated biophysical and socioeconomic processes.63 

 
62 Sabatier’s ACF framework was even narrower, embracing predominantly social theories of collective 

action which was also the commonality that it held with Ostrom’s IAD framework (Schlager, 2007, pp). 302-5). 
63 Of course, the Ostrom’s social science IAD framework has evolved and has been combined with the 

natural science discipline of Ecology as the interdisciplinary Social-Ecological System (SES) framework. 

However, the SES is trapped in its game theory origins and cannot form the basis of an integrated biophysical and 

socioeconomic process science. 
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Secondly, the algorithmic theory presented here is most emphatically a theory. It 

hypothesizes that the key defining feature of the social activity of public policy making is that 

it is a problem solving process. In other words, I theorize a causal relationship between policy 

problem solving processes and policy decisions. As such, it stands in the very long tradition of 

problem solving theorizations of the State (Dewey, 1927, Lasswell, 1951, Heclo, 1974, 

Chisholm, 1995, Scharpf, 2003, Turnbull, 2006, Hoppe, 2011, Lodge and Wegrich, 2014, 

Thomann et al., 2019). However, I take several further theoretical steps. I propose, for example, 

that all problem-solving processes, whether in mathematics, information science, natural 

science or social science can be positioned within the same process science framework and 

conceptualized in the same way. Drawing on early results from AI research that a computational 

algorithm is best understood declaratively as a combination of logical constraints and process 

procedures (Kowalski, 1979), I therefore theorize that the public policy process when modelled 

as a declarative process also meets Kowalski’s criteria for an algorithm. Not only that, rising 

to Peter John’s challenge that there have been few innovations in the theory of the public policy 

process since the 1990’s (John, 2018, p. 4) I theorize that the public policy process is an 

algorithm whose purpose is the generation of solutions to public goods allocation problems.  

Thirdly, the positioning of this algorithmic theory of the policy process within the 

process science framework of declarative reasoning also lends the approach to quantifiably 

testable modeling in the Ostrom sense. I propose, for example, that in principle in a completely 

general way, any policy making episode of interest can be modelled as a declarative rule-set. 

However, it is currently the case that very few metrics exist for the measurement of the 

properties of declarative graphs and none of them are normative in character. Although the 

various cost-and efficiency-based metrics that already exist are of obvious interest to the 

discipline of public administration they are nevertheless unnecessarily limiting and do not 

address the more normative concerns such as resilience, legitimacy, transparency, and 
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accountability of the public policy making process. These normative properties are not only 

core to the study of public administration but also core to the study of political science and the 

social science more generally. Various metrics are therefore developed in chapter 7 to illustrate 

how two or more declarative process models can be objectively compared. These metrics 

measure the relative performance of semi-official recommendations for the improvement of 

Wuhan municipality response to future post Covid-19 pandemic threats.  

5.3.4 Testable Hypotheses 

As Ostrom goes to great lengths to point out over an extended period of time, any 

logically coherent theory must be able to generate testable hypotheses (Kiser and Ostrom, 1982, 

Ostrom, 1985, Ostrom, 1991, Ostrom et al., 1994, pp. 23-25, Ostrom, 1999, pp. 39-41, Ostrom, 

2005, pp. 27-29, Ostrom, 2007, pp. 25-26, Ostrom, 2010, p. 646).  

An algorithmic theory of the policy process can generate many testable hypothesis. I 

will list just a few. 

1. As computer assisted decision making has become more prevalent in a public sector 

that has even been termed an “algocracy” there is now a growing literature on the “risks 

to fundamental rights and democracy inherent in the lack of transparency about the 

functioning of automated decision-making processes” (Micklitz et al., 2022, p. 4). 

However, this literature lacks formality making it difficult to quantify and compare the 

vulnerability of different constitutional arrangements to these developments. If the 

public policy process is an algorithmic problem solving process that is best modelled 

declaratively then it should be possible to model any constitution declaratively in order 

to make quantitative comparisons between constitutions possible. Is this true?  

2. Similarly, deliberative democracy theory asserts that more transparent, inclusive and 

accountable policy making processes will produce better policies that lead to better 

outcomes. Is this also true? Declarative modelling can in principle be used to measure 
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accountability, transparency, and inclusiveness (section 8.10.1, this thesis). However, 

do processes measuring high on those normative criteria necessarily lead to better 

policies and better outcomes (however that is to be measured). 

3. Paradoxically, David Easton’s biologically inspired theory of systems persistence could 

not meaningfully distinguish between Germany’s Weimar Republic, the Third Reich 

and the Bonn Republic. They were all adaptations to the stresses of defeat in World War 

and the subsequent hyper-inflation (Easton, 1965a, p. 84). Indeed, an exasperated Ralf 

Dahrendorf, was moved to comment at the time “but what a miserable, indeed almost 

inhuman, way to describe the most dramatic changes in the composition and substance 

of Germany's political order!” (Dahrendorf, 1968, p. 143). This episode, however, 

should not be considered an arcane academic argument from the past. In our times, it is 

Ivan Ilyin who provides the modern day Russian Federation under Vladimir Putin with 

a biologically inspired justification for the invasion of Ukraine. As Timothy Snyder 

rather gloomily surmises, for Ivan Ilyin: 

 
“This Russia was not a country with individuals and institutions but an immortal 

creature, a ‘living organic unity.’ Ilyin enclosed the word ‘Ukrainians’ within quotation 

marks, since in his view they were a part of the Russian organism.” (Snyder, 2018) 

 

No doubt, Dahrendorf would therefore agree with me that it would be a miserable 

algorithmic theory that could not distinguish between Stalin’s Collectivism, 

Gorbachev’s Perestroika and Putin’s Kleptocracy. However, as in principle all three 

systems can be modelled in declarative terms, an information science inspired 

algorithmic theory can distinguish their problem solving capacity and make predictions 

concerning their life-cycles far beyond an ability to persist. Is that true?  



5. An Algorithmic Theory of the Policy Process 

129 

 

5.3.5 Benefits 

By far the most important benefit of the algorithmic theory laid out here is the 

positioning of an important area of social science within the much broader inter-disciplinary 

framework of process science. It is precisely this positioning that holds out the prospect of 

connecting policy process analysis with the tools and results of decades of process research in 

the much more mature fields of information science, business administration and many natural 

sciences. Neither is this a one way street. Information science currently lacks a fully worked 

out normative dimension and this is holding up progress in a range of technologies from self-

driving cars, autonomous weapons systems, and the future internet. Not only would policy 

process theory have greatly benefited from the formalism and conceptual clarity of information 

science. Information science would have equally benefited from the normative insights of 

policy process theory. The ramifications of this this topic I address again in section 9.3. 

Just as important a benefit and a consequence of the positioning of an algorithmic 

theory within the framework of process science is the potential for quantification, modelling, 

and testability. In a very compact form, a declarative process model can encode the many 

millions of decision paths that are the hallmark of complex governance processes like the 

policy making process. As alternative models can be objectively measured against normative 

criteria such as legitimacy, transparency, and accountability, it is then in principle possible to 

assess the relative problem solving capacity of contentious public decision making proposals 

against both instrumental and normative criteria. 

5.4 Conclusion 

Although undoubtedly challenging, the construction of a bold new algorithmic theory 

of the policy process is possible. Taking an information science rather than the biologically 

inspired approach of a previous generation of systems theorists confers many benefits. The 

paradox of Easton’s persistence theory, for example, can be overcome by measuring not regime 
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survivability but regime problem solving capacity. However, as the pragmatists Dewey and 

Lasswell taught us, policy analysis is never a purely theoretical pursuit. Just as Dewey and 

Lasswell confronted the existential Fascistic threats to liberal democracy of the 1930’s and 

1940’s we must confront the same threats in our time. This time around though, in our 

computerized 2020’s world of AI, robotics, media manipulation and ‘fake news’, qualitative 

arguments will not be sufficient. We must also confront our threats quantitatively. 
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6 Tools & Resources 

The public policy process is not currently modelled as a declarative process. In order to 

assesses the feasibility of the approach various tools and resources were borrowed from the 

predominantly business administration focused process science literature. One of the most 

widely used declarative process modelling tools within the fundamental process science 

research literature is DECLARE. This is the declarative tool and approach that has been used 

throughout this thesis. The reasons for choosing DECLARE are discussed below in section 

6.1.1 but it is important to note that it is not unique and several other more commercially 

oriented declarative process modelling tools and approaches have emerged in the post-

millennium period. For example, Dynamic Condition Response (DCR) graphs also uses a 

constraint-based paradigm like DECLARE but relies on a much smaller core set of five DCR 

specific constraints whilst in addition supporting modularization and nesting of sub-processes. 

On the other hand, a very different approach to DECLARE and DCR is taken by the Guard 

Stage Milestone (GSM) notation. Instead of a simple focus on the binary constraints between 

activities, as the name of the notation implies, three new concepts are introduced: guard, stage 

and milestone. Many of the concepts originally proposed in the GSM notation were 

subsequently ratified in the CMMN internet standard which has rapidly become a de facto 

commercial standard. A comprehensive overview of DECLARE, DCR Graphs, GSM, CMMN 

and several other declarative process modelling tools can be found in Slaats (2020). I will 

briefly summarize the key features of the most commonly used, i.e. DECLARE, DCR Graphs 

and CMMN below. 

6.1 Declarative Modelling Tools 

6.1.1 DECLARE 

DECLARE was the first declarative process modelling environment to be developed 

within the business processes research community. van der Aalst and Pesic (2006) at the 
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University of Eindhoven, The Netherlands, were jointly responsible. It supports several 

declarative languages such as ConDec and DecSerFlow that are underpinned by a user 

configurable LTL constraint-based paradigm (Pesic et al., 2007). DecSerFlow is an extendable 

declarative service flow language which can be used to specify, enact, monitor service flows 

and enforce or check the conformance of service flows. All the declarative models presented 

in this dissertation were constructed using DecSerFlow. The DECLARE modelling 

environment can be accessed for the purposes of replicating the results presented in this 

dissertation here: https://www.win.tue.nl/declare/ 

The notational convention I have used in Figures 1.1, 6.1, 7.3, 7.4, 8.1, and 8.2 are my 

own. DECLARE is not a polished commercial tool and although the models were developed 

in DECLARE the default diagrams it produces of the declarative models developed in this 

thesis are difficult to read and interpret. DECLARE has a very simple symbol set consisting of 

boxes that represent process activities and a large number of directional arrows of various sorts 

that represent LTL constraints. The simplicity of the DECLARE symbol set makes it ideal for 

basic research as there are no complicating layers of interpretation encoded in the diagrams. To 

this day DECLARE remains by far the most widely used basic research tool within the 

declarative process research community and was the primary reason why I chose also to use it 

to develop this thesis. 

6.1.2 DCR Graphs 

Tijs Slaats (2020, p. 6) notes that although DECLARE is the most widely used 

declarative notation in the academic business process community “there appears to exist little 

to no documented use of DECLARE in industry” On the other had DCR (Dynamic Condition 

Response) Graphs has been widely adopted in the Danish public sector as “a case management 

solution that is used by 70% of Danish central government institutions, including the police, 

military, tax authorities and largest public universities” (Slaats, 2020, p. 4). The development 

https://www.win.tue.nl/declare/
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of DCR Graphs was in fact a response by a Danish consortium led by IT University of Denmark 

and Exformatics A/S to DECLARE’s lack of expressiveness when modelling real world 

business scenarios. Particular weaknesses included an inability to model constraints that 

dynamically altered or removed other constraints and also an inability to model the common 

requirement that an activity should be allowed to repeat (Slaats, 2020, p. 7). 

 

 

Fig. 6.1: Extracted from DCR Systems: 

https://documentation.dcr.design/example/demo-service-law-42-english/ 

 

In Fig. 6.1 is depicted a simple DCR Graphs process snippet modelling Danish 

Municipal Service Law (42) that obliges the municipal council to pay compensation for loss of 

earnings to persons maintaining a child under 18 in the home whose physical or mental function 

https://documentation.dcr.design/example/demo-service-law-42-english/
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is substantially and permanently impaired, or who is suffering from serious, chronic or long-

term illness.  

A DCR Graph consists of a set events (or activities), drawn as a box with a bar on top. 

The box contains the name of the activity, and the bar contains the roles that are allowed to 

execute it. Each event is in a state represented by a boolean tuple indicating whether the event 

has been executed, might be executed, or is required to be executed. Constraints are added to 

the model by adding one of five rules, drawn as directional arrows between events (activities) 

that follow a graphical convention similar to that followed in DECLARE. A complete 

specification of the DCR Graphs symbol set can be found at 

https://documentation.dcr.design/documentation/. 

Although DCR Graphs has found a ready market within Danish central and local 

government departments (particularly for the modelling of public processes requiring a high 

degree of regulatory compliance), DCR Graphs is not used to model or reengineer the more 

overtly political agenda setting and policy making components of Danish public decision 

making. 

6.1.3 CMMN 

Case Management Model and Notation (CMMN) is an emerging internet standard for 

the modeling of declarative processes (Object Management Group, 2016). It uses a graphical 

notation based on the intuition that knowledge workers, for example in the legal or medical 

professions, often have a wide discretion in the handling of a ‘case-file’. Rather than specifying 

the precise sequence of activities that the knowledge worker must perform, only the contents 

of their case-file, the constraints on their activities, the goals they must accomplish and the 

artefacts such as reports, recommendations, and decisions that they must produce are 

“declared”. In this way CMMN expands the boundaries of what can be modelled with 

traditional imperative business process modelling tools. Currently it is used to model 

https://documentation.dcr.design/documentation/
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unpredictable and knowledge intensive business processes such as incident management, 

palliative care, consulting, and sales. In principle it could therefore be a good fit for modelling 

the non-linearities and “organized anarchy” that is so characteristic of the public policy making 

process. 

 

 
 

Fig. 6.2: Extracted from the OMG Case Management Model and Notation 

specification, v1.1 (Object Management Group, 2016, p. 82) 

 

A simple CMMN process snippet modeling a customer “claim” process is depicted in 

Fig. 6.2. CMMN is much more complex than DECLARE and provides many more modelling 

symbols including diamond symbols to model the concept of “guard” conditions that control 

the entry and exit criteria to an activity sequence.64 Other important symbols include a folder 

symbol to represent a container for the “case-file, rounded rectangles to represent tasks and 

ovals to represent milestones. A complete specification of the CMMN symbol set can be found 

in Object Management Group (2016). However, the definition of CMMN metrics is only at the 

 
64 Similar to the guard concept in the GSM notation that inspired CMMN. 
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very earliest stages of a new research agenda (Marin, 2017). CMMN has not yet been deployed 

in the context of policy process analysis and no metrics have been developed that could 

evaluate and compare policy process models. 

6.2 Model Checking Tools  

6.2.1 Alloy4DP 

Alloy for Declarative Processes (Alloy4DP) is a system of DecSerFlow constraints that 

are defined in terms of the Alloy interpreted language. However, only a subset of the constraints 

used in the case study chapter 7 are modelled in this way. Nevertheless, this does mean that it 

is at least partially possible to verify the DecSerFlow models constructed in this dissertation 

using this popular SAT based model checker. Alloy4DP was originally developed by Yoann 

Laurent at the LIP6 Computer Laboratory, Sorbonne University, Paris, France. In order to 

replicate various results presented in this dissertation it can be accessed here:   

https://pages.lip6.fr/Yoann.Laurent/zip/sac14.zip. 

6.3 Metrics 

Very few metrics measuring the properties of declarative processes currently exist. One 

exception is the complexity metrics developed by Mike Marin (2017) for artifact based CMMN 

declarative models. On the other hand, metric research within the field of imperative process 

research is relatively mature. Comprehensive reviews of the literature surrounding imperative 

business process metric research can be found in González et al. (2010), Mendling (2008, pp. 

114-17) and Melcher (2012, pp. 27-56). Most of these metrics are based on SNA metrics with 

which many social scientists are already familiar. However, in addition to the counts of nodes 

and edges that are made with SNA graphs, BPM metrics often include counts of control flow 

symbols such as AND, OR and XOR that are missing from SNA graphs but present in BPM 

graphs. When constructing a declarative process metric however a very different procedure is 

https://pages.lip6.fr/Yoann.Laurent/zip/sac14.zip
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involved. A declarative process is a very compact encoding of very complex processes indeed 

and will with only a few nodes and edges encode many millions of possible process paths. The 

declarative process graph in chapter 7 represents Chinese State response to the Covid-19 

outbreak with just 21 nodes and 38 edges. However, it encodes more than 37.5 million valid 

decision paths. In other words, when constructing declarative process metrics, we will 

generally be interested in counts of all possible process paths rather than counts of nodes or 

edges or control flow symbols. It is precisely this approach that is taken by Dukes and Casey 

(Dukes and Casey, 2021) when they construct several combinatorial diversity metrics. 

6.4 Declarative Process Calculators 

No Declarative Process Calculator currently exists. A number of SageMath scripts for 

the purposes of calculating the metrics presented in the case Study chapter 7 were developed 

by Dr. Mark Dukes at the Mathematics & Statistics Department of University College Dublin, 

Ireland. SageMath (previously Sage or SAGE, "System for Algebra and Geometry 

Experimentation" is a computer algebra system with a Python interface and features covering 

many aspects of mathematics, including algebra, combinatorics, graph theory, numerical 

analysis, number theory, calculus and statistics. To replicate the various results presented in 

this dissertation, the SageMath scripts can be accessed here (Dukes and Casey, 2022). 

6.5 Worked Example 

6.5.1 Natural Language 

The analysis always starts with a natural language description of the policy making 

process or policy making episode of interest. This could be derived from interview or survey 

or other primary sources, but more commonly it would be derived from a secondary expert 

description of the relevant policy process or episode. As an illustrative example, let us start 
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with the much simplified natural language description of the policy making style of the 12 gods 

of the ancient Greek Olympian pantheon that can be found on page 9.  

6.5.2 Step-wise Refinement 

The first step is the extraction of a structured declarative process model from the semi-

structured natural language text. Automated methods by which to extract declarative process 

models from natural language text have only recently begun to emerge on the frontiers of the 

computer science literature (van der Aa et al., 2019, pp. 365-7). Consequently, this remains a 

largely manual, and an often “difficult and error-prone task” (van der Aalst, 2016, p. 56). Now 

whilst the step-wise refinement of computer programs is commonplace and goes back to the 

origins of computer science as an independent discipline (Wirth, 1971), by stepwise refinement 

of a declarative process I mean the following: 

 
Stepwise refinement of a declarative process is the iterative decomposition of a natural 

language description of a social process of interest into the progressively more detailed 

components of declarative models including but not limited to activities, constraints, and 

actors.65 

 

Clearly, stepwise refinement of natural language text defined in this way is not common 

in the disciplines of public administration and policy analysis and this therefore creates several 

methodology issues.66  These issues, especially those surrounding the nature of, and use of, 

 
65  This definition explicitly refers to the constituent parts of a DECLARE process, as this is the 

declarative modeling tool used throughout this thesis. However, in declarative notations like CMMN, this list may 

be extended to include activities, gateways, guards, events, subprocesses, artifacts, data objects, data stores, pools, 

lanes, sequence flows and message flows. 
66 In recent years process tracing has emerged as a key qualitative method in several social sciences 

including policy analysis (Kay and Baker, 2015, Beach and Pedersen, 2019, Beach, 2020). The initial step-wise 

refinement method described here has some similarities to qualitative process tracing methods. However, 

process tracing is an imperative not a declarative method. One of the essential claims of this thesis is that it is 

not feasible to imperatively trace the social processes allowed by institutional constraints. It is only feasible to 

declaratively calculate the set of process traces allowed by the institutional constraints. I pick this theme up 

again in section 4.6 together with the close relationship between process tracing and causal mechanisms. 
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process tracing in the social sciences are addressed in sections 4.6. However, for the purposes 

of this introductory example, in a first step, the Olympian policy making process can be 

manually re-formulated as follows: 

 

(1) Identify the problem or thematic policy domain requiring attention and (2) convene the 

Olympian pantheon of 12 gods. 

(3) Consult the databank maintained by Hermes, the god of informatics, collecting all 

relevant information (5), and search for solutions through an intense dialogue of the 

gods (6), whilst consulting all stakeholder gods in the policy decision (4). 

(7) Propose alternative solution options and select the best solution and plan of action. 

(8) Announce the decision of the gods through the Oracle and send Peitho, the goddess of 

persuasion to get (9) buy-in to the decision from the mortals. 

(10) Implement the decision of the gods via thunderbolts and lightening under the 

supervision of Hermes who follows up with a report of the outcome and (11) updates 

his databank. 

6.5.3 Model Components 

In a further model refinement step, we then specify unambiguously the components of 

the Olympian policy process and their relationships in terms of temporal constraints. In the 

worked example in section 6.5 this step will be treated in much more detail, but suffice it to 

say here that this step involves specifying the components, or state space, of the Greek Gods 

policy making process in terms of 11 activities (e.g. problemIdentified, 

conveneOlympianPantheon, consultHermesDatabank), 5 actors (Pantheon, Xeus, Hermes, 

Peitho, mortals), and 12 constraints (e.g. succession (1, 2), precedence (2, 3), precedence (2, 

4)). 
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Fig. 6.3: Greek Pantheon Declarative Policy Process Model 

6.5.4 Graphical Model 

The iterative process of stepwise refinement being complete we are now able to 

graphically model the original natural language Olympian policy making process as the 

declarative process graph in Fig.6.3. This has been done using the declarative process 

modelling tool DECLARE and this is the modelling tool that is used throughout the thesis. The 
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reasons for choosing DECLARE instead of other declarative process modelling alternatives are 

discussed in section 6.1.1. However, at this stage, the important thing to note is that DECLARE 

can verify the model in Fig. 6.3 so that we can be sure that it is syntactically correct and that 

none of the constraints conflict with each other and that all activities can be reached.  

6.5.5 Measurement 

Having constructed a declarative process model in this way, it is now possible to 

measure it and quantify its properties. For example, in a very compact form, this simple 

declarative process, encodes exactly 7,366 decision paths available to the mythological process 

participants of the Geek Pantheon (Dukes and Casey, 2021, p. 372). Larger, more complex 

models may, in fact, encode many millions of decision paths. For example, in chapter 7. the 

declarative process model of Chinese public health response to the 2019/2020 Covid-19 

pandemic encodes 30,983,811 decision paths in a much more complex but nevertheless equally 

compact model. In addition, it is now possible to construct normalized metrics based on the 

counts of activities, constraints, actors and decision paths of the models. Typically, these 

metrics will range on a continuum from 0 to 1, making it possible to compare the predicted 

performance and outcomes of policy processes from wildly different policy domains and 

jurisdictions. In fact, this is precisely what is done in the case study chapter 7 where the metrics 

developed are used to make concrete recommendations for change to policy making processes 

that improve their predicted outcomes.  
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7 Case Study: The COVID-19 Global Pandemic67 

7.1 Introduction 

In China, the responsibility to contain a public health emergency, such as a viral 

epidemic, is pushed down to the most effective local public administration unit. Consequently, 

it would be the Wuhan Health Commission in Hubei province in central China that would 

receive the first reports of a cluster of pneumonia cases on 29th December 2019. However, due 

to ingrained cultural and public administration norms at the local level, several unanticipated 

decision options allowed by official Chinese emergency response policy were taken by Wuhan 

city officials in response to what was eventually identified as a “novel” virus outbreak.68 

Ultimately this would lead to both a local epidemic containment by the Chinese authorities and 

the declaration of a global Covid-19 pandemic by the World Health Organization (WHO) on 

11th March 2020 (World Health Organization, 2020). The question arises is this: could such an 

outcome have been predicted from an analysis of the epidemic containment process mandated 

by official Chinese public health emergency policy? To answer this question, we take as our 

starting point the notion of a declarative process as originally developed in the fields of 

information science and business process management (BPM). A declarative process can 

encode all possible decision paths in any public administration or public policy process (Dukes 

and Casey, 2021). In principle, therefore, if we can model Chinese public response to the 

Covid-19 outbreak as a declarative process then we can measure various properties of the 

resulting graphs and predict likely real world public health and public policy outcomes.  

Using secondary sources from the very earliest phases of the crisis on which to base 

our models this is precisely the approach we take. In the immediate aftermath of the Covid-19 

breakout from Wuhan, the Journal of Chinese Governance published a special edition 

 
67 This chapter was originally conceived of as a joint article with Dr. Mark Dukes of the UCD School 

of Mathematics and Statistics. The extent of the collaboration is acknowledged on p. vii. 
68 A ‘novel’ virus is defined as a virus that has not yet been recorded. 
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dedicated to the role of Chinese governance in the management of the crisis (Yu, 2020). With 

the benefit of hindsight there were glaring omissions. The possible impact of mass international 

and domestic migration during the Chinese New Year was mentioned in passing only twice in 

the entire special edition (Gu and Li, 2020, p. 167, Qi et al., 2020, p. 141). The importance of 

national testing and track and trace regimes was not mentioned at all. The bald statistic that as 

of February 8 2020 “there had been 37,198 confirmed cases and 811 deaths in mainland China” 

(Gao and Yu, 2020, p. 178) gives no real hint of the shocking global devastation in terms of 

hospitalizations, deaths and economic damage that was to follow. Nevertheless, this special 

edition provides a unique window into the initial Chinese management of what would become 

the greatest global public health emergency of modern times. In this chapter, drawing especially 

on Gao & Yu’s (2020) detailed descriptions of the evolving crisis we reconstruct the public 

Chinese response as a constrained declarative process graph. Whilst it will likely never be 

possible to know exactly what decision path the officials took it is possible to encode the very 

large number of decision options they faced. In fact, in a declarative process graph comprising 

just 21 nodes and 38 edges we are able to encode the more than 37.5 million decision paths 

that Gao & Yu’s description implies were available to the officials. By this means we are able 

to make the stark determination that in 37 million cases, given the institutional constraints on 

the action of the officials, the result was always going to be the same. There was going to be a 

global pandemic. 

Whilst in broad agreement with Gao & Yu’s conclusions concerning the brittleness of 

the Chinese public health emergency response process our analysis returns much more mixed 

results concerning the remedies that Gao & Yu advise. For example, our more precise 

combinatorial analysis provides no support for Gao & Yu’s qualitatively reasoned claim that 

an increase in transparency and/or meta-governance enablement of the involved process 

participants would have made a significant difference in the heat of an emergency response. 
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We do not rule out that that these remedies may have an effect on the “preparedness” process 

in which the emergency response process we model is embedded. However, such a 

preparedness process will be very complex, was only sketched in the Gao & Yu paper and will 

require a paper length treatment of its own. So, we placed an analysis of Chinese preparedness 

for a public health emergency out of scope of the present analysis. However, our combinatorial 

analysis does provide qualified support for Gao & Yu’s recommendations that a) social media 

access by government scientists should be strictly controlled, b) in return experts will be 

listened to and their recommendations acted on and c) there should be an effective lock-down 

procedure. These remedies we find necessary, but by no means sufficient as without additional 

remedies we find there will remain a significant risk of a global pandemic. 

First, before proceeding to a declarative analysis of the Covid-19 crisis, what exactly is 

a declarative process and why are they relevant to the analysis of the public policy process?  

7.2 Imperative versus Declarative Processes 

The first diagrammatic ‘sketches’ of the policy process only appeared in the mid-1960’s 

and early 1970’s (cf. Lindblom, 1965, pp. 26-7,  Allison, 1971, p. 256). Of course, the most 

famous early diagrammatic representation of the policy process was the ‘policy cycle’. 

Although Harold D. Lasswell (1956a) is often credited as its inventor, the policy cycle only 

emerged as a simplifying conceptualisation of his functional policy stages much later in the 

1970s, especially in the introductory policy analysis textbooks of the time (Jones, 1977, May 

and Wildavsky, 1979). Diagrammatic notions of the public policy process as a policy cycle can 

therefore only be said to date from the late 1970s. However, these early diagrammatic 

conceptualizations never converged with the business process management (BPM) graphical 

notations that were being evolved elsewhere in the business process re-engineering literature 

(Davenport, 1993, van der Aalst, 2016, p. 57-83, Weske, 2019). The consequence has been that 

public policy process research has become detached from the results of the large body of 
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process analysis research in the information science and business administration literatures. 

There have been a few notable exceptions. One is the research tradition surrounding the 

‘garbage can’ theory of organizational choice (Cohen et al., 1972). Now almost half a century 

old the garbage can started life as a computer simulation and there have always been periodic 

attempts to converge the theory more formally with common BPM tool-sets such as Petri-Nets 

(Heitsch et al., 2000, Kaneda and Hattori, 2006). Another notable exception is the repurposing 

of business BPM tools for the analysis and delivery of digital public services. In this case the 

alignment of the goals of new public management (NPM) with those of business efficiency 

have to a certain extent overcome the barriers to successful eGovernment BPM deployments 

in a number of States both globally and across the European Union (European Commission, 

2018, OECD, 2019). In general, though, the modeling of the much more complex public policy 

decision making process in terms of BPM tools has resisted these trends. 

By and large this resistance can be traced to the poor fit of traditional BPM tools to the 

challenges of modelling the normatively charged and contingent sequencing of activities so 

characteristic of many public governance processes. Traditional BPM tools are highly 

prescriptive and lend themselves well to the modelling of predictable and value-free business 

processes such as those involved in the manufacture of an automobile or the assessing of an 

insurance claim. All the activities and sequencing involved in such a process, all the 

responsibilities of the actors and stakeholders involved, and all the alternative branching and 

exception handling must be defined in detail in advance. Such a modelling paradigm is known 

as an imperative process. A simple relatively informal flow chart is an example of an imperative 

process. So too are other process modelling notations such as EPC, BPMN, UML, Petri Nets, 

YAWL and many others, which may be more or less formal or even subject to international 

standardisation (Weske, 2019). 
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However, it has long been realised that the imperative process modelling paradigm, 

although a good fit for many routine manufacturing and clerical processes, is a poor fit for 

knowledge workers in the professions where the activities are often much more abstract, far 

less routine, and where the complexity and number of optional process paths can quickly lead 

to a combinatorial explosion. With such processes the exact pool of activities on which the 

participants can draw is often not known in advance or can be performed in any order at the 

discretion of the participants who may be constrained only by institutional rules and norms, 

political orientation, and professional and ethical guidelines (van der Aalst and Berens, 2001). 

Traditional imperative process notations cannot easily model such processes as the sheer 

volume of alternative process paths quickly makes the resulting graphs unreadable. Instead, a 

much more concise notation called a declarative process is used. With such a process only the 

constraints on activities which must or must not be performed are ‘declared’. This leads to 

much more compact process models which nevertheless encode in a readable fashion all the 

process and decision paths available to the process participants. In this chapter we will take as 

our starting point this paradigm of a declarative process. More formally: 

A declarative process is a pair D=(A,C) where A is a set of activities, and C is a set of 

constraints detailing how activities in A may or may not happen with respect to one another. A 

declarative process can be thought of as a (potentially infinite) walk on the complete graph 

whose set of vertices is A that satisfies all the constraints in C. 

This declarative paradigm, which permits everything unless explicitly prohibited by the 

constraint’s, contrasts with the more traditional imperative process paradigm which prohibits 

everything unless explicitly specified by the workflow. For a discussion of the combinatorial 

consequences of the declarative process paradigm and a derivation of several combinatorial 

diversity metrics that can be used for the comparative analysis of declarative process models 

see Dukes and Casey (2021). The key advantage of this declarative paradigm from our 
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perspective is that it allows for a very compact encoding of social processes such as the public 

policy process that often exhibit extreme diversity in the range of possible process paths 

available to the process participants. However, it is also the case, that as such, our approach 

differs markedly from current approaches to the modelling of the public policy process.69 

7.3 Declarative Process Modelling 

Several graphical notations to model declarative processes have been proposed, 

including Guard-Stage-Milestone (GSM), Dynamic Condition Response (DCR) Graphs, Case 

Management Model and Notation (CMMN) and many others. A comprehensive overview can 

be found in Slaats (2020). For simplicity we will use the graphical conventions supported by 

the DECLARE process modelling tool (Pesic et al., 2007, van der Aalst et al., 2009). 

DECLARE diagrams comprise two main components. The nodes represent activities, and the 

ties represent the constraints on the activities. Each tie is defined formally as a linear temporal 

logic (LTL) formula. For this reason, the syntactic correctness of each graph can be checked 

within the DECLARE tool. First proposed by Pnueli (1977), LTL extends the familiar first 

order predicate logic connectors such as implies (→), and (∧), or (∨), not (¬) that support 

imperative reasoning, with several new temporal logic connectors which make it possible to 

reason declaratively. For example, when describing a step in an imperative process, it would 

be extremely common to want to say that activity B follows activity A. More formally, using 

the → connector we would write this in first order predicate logic as: 

A → B 

We read this imperative process step as activity B immediately follows activity A. However, 

when describing the equivalent step in a declarative process we may not know exactly when 

 
69 It is not the purpose of this chapter to compare competing theories of the policy process. Inventories 

can be found in Weible and Sabatier (2017), Colebatch and Hoppe (2018), Fischer et al. (2007), Moran et al. 

(2006), Peters and Zittoun (2016) and chapter 4 this thesis. A comparative survey can be found in Cairney and 

Heikkila (2017). 
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activity A and activity B will be performed. The only constraint may be that if activity A is 

performed then at some point in the future activity B must be performed. In LTL we therefore 

introduce an additional diamond connector (◊) and write this process step as: 

A →◊ B 

We read this declarative process step as activity B will eventually follow activity A. Similarly, 

we read A →○ B as activity B immediately follows activity A and we read □A →B as it is 

always the case that after activity A, activity B will follow.  

The ability to reason temporally like this is surprisingly useful in a public administration 

and policy process analysis context. For example, when modelling the implementation and 

policy making stages of the policy cycle, instead of saying that if Ministry x decides A then 

Department y does B, we might want to say more realistically that if Ministry x decides A then 

Department y eventually does B. In this way we can introduce a certain temporal contingency 

on events and multiplicity of decision paths which is so characteristic of a decision-making 

process as complex as the policy cycle. Further, temporal reasoning is also useful when 

comparing the effects of widely varying governance styles on the conduct and outcomes of the 

implementation and policy making stages of the policy cycle. For example, for comparative 

purposes we may want to place governance styles on a continuum from regimes dominated by 

flexible but fully enabled and effective metagovernance, through ineffective regimes that are 

the dominant mode of governance in areas of limited statehood, through inflexible but highly 

effective command-and-control regimes that are the dominant authoritarian governance style. 

In this context, we might want to say, respectively that Department y is fully enabled to do B 

without waiting for an order A from Ministry x (metagovernance), or Ministry x can decide A 

with no realistic expectation that Department y eventually does B (limited statehood), and even 

the variation that we started with that if Ministry x decides A then Department y eventually 

does B (command-and-control). Tools such as DECLARE, underpinned by LTL temporal logic, 
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allow us to reason about and model and quantify the effects of widely differing governance 

styles on several stages of the policy cycle in precisely this way. A complete summary of the 

syntax of the LTL temporal connectors and their meaning can be found in (Alagar and 

Periyasamy, 2011, p. 179-83), but for the purposes of this chapter we will only be using the 

LTL formula which are defined in table 7.1. 

 

Table 7.1: The sub-set of LTL formulas used in the analysis sections 7.4 and 7.5  

Using this notation, as an illustrative example we can build a simple declarative model of three 

activities and one constraint such that activity b can only be performed after activity a and 

activity c can be performed at any time. Activity a may be public consultation, activity b may 

be a parliamentary vote, and activity c may be media management. The DECLARE diagram 

representing this simple process is drawn in Fig. 7.1. 
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Fig. 7.1: A Simple Declarative Process Model. 

Fig. 7.1 encodes 9 valid process paths that on execution of the model represent the 

alternative paths that the participants in the process could take. We will call these valid process 

paths, traces <∊, a, c, ac, ca, ab, abc, cab, acb>, where ∊ is the empty trace. If we were to 

model this declarative process imperatively, for example by using a simple flow chart notation, 

then we would have to explicitly model all 8 possible traces (excluding ∊, the empty trace) 

leading to the much more complex and difficult to interpret model in Fig. 7.2. As noted earlier, 

Fig 7.2: The Imperative Equivalent of the Declarative Model in Fig. 7.1 

as the number of activities and constraints required for more realistic process models increases, 

the number of possible execution paths will climb exponentially. Imperative models in these 

cases are not only more difficult to read and interpret than their declarative counterparts, but 

they also quickly become unfeasible. For example, modelling Chinese public health response 

to the Covid-19 crisis with just 21 activities and 38 constraints requires more than 37.5 million 
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decision paths. This simply cannot be represented in any practical way as an imperative process 

model. 

7.4 A Declarative Model of Chinese Covid-19 Emergency Response 

Our approach depends on detailed natural language descriptions of public 

administration and public policy making processes of interest. We then use these natural 

language texts as the basis on which to identify the constituent activities and constraints from 

which the declarative models can be constructed. Fortunately, whilst detailed descriptions of 

public response to the Covid-19 emergency in many affected countries has been slow to come 

through, this has not been the case with China. Official, semi-official, and academic qualitative 

analysis has been swift. We are thus able to draw on several authoritative descriptions of 

Chinese public Covid-19 response in the immediate aftermath of the epidemic’s local 

containment. For example, Gao and Yu (2020) draw on numerous sources to provide a detailed 

description of the public governance mechanisms by which the Covid-19 threat was confronted. 

“. . . the data and materials employed are derived from authoritative media reports, 

professional papers published in academic journals, official documents, and official 

organizations’ self-reports, with source descriptions attached.” (Gao and Yu, 2020, p. 

179) 

However, automated methods by which to extract declarative process models from 

natural language text have only recently begun to emerge on the frontiers of the computer 

science literature (van der Aa et al., 2019, pp. 365-7). Consequently, this remains a largely 

manual, and an often “difficult and error-prone task” (van der Aalst, 2016, p. 56). For this 

reason, we use a process of “stepwise refinement”, by which we manually transform these 

natural language texts into a format where the constituent activities and their constraints can 

be clearly identified, and the declarative models constructed. Stepwise refinement of computer 



An Algorithmic Theory of the Policy Process 

152 

 

programs is in fact commonplace and goes back to the origins of computer science as an 

independent discipline (Wirth, 1971), but by stepwise refinement of a declarative process we 

mean the following: 

 
Stepwise refinement of a declarative process is the iterative decomposition of a natural 

language description of a social process of interest into the progressively more detailed 

components of declarative models including but not limited to activities, constraints, and 

actors.70 

Stepwise refinement of natural language text should not, however, be confused with 

process tracing which in recent years has emerged as a key qualitative method in several social 

sciences including policy analysis (Beach, 2020, Beach and Pedersen, 2019, Kay and Baker, 

2015). The initial stepwise refinement method described here has some similarities to 

qualitative process tracing methods. However, process tracing is an imperative not a declarative 

method and is therefore not a method that is designed to identify declarative model components 

such as activities and constraints and the relationships between them. 

7.4.1 Baseline Declarative Model 

Using Gao and Yu’s (2020) account supplemented by several others from the special 

edition in which it was published (Yu, 2020), we can reconstruct Chinese public response to 

the Covid-19 emergency as follows. Each bracketed number, (x), represents a logically distinct 

activity step which is mapped later to the activities in the diagram in Fig. 7.3. 

 
70  This definition explicitly refers to the constituent parts of a DECLARE process, as this is the 

declarative modeling tool used throughout this this article. However, in declarative notations like CMMN, this 

list may be extended to include activities, gateways, guards, events, subprocesses, artifacts, data objects, data 

stores, pools, lanes, sequence flows and message flows. 
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1. (1) During the public health emergency preparation phase the opportunity to 

continuously improve operational procedures and identify the roles and responsibilities 

of actors other than public administration officials is not taken. 

2. (2) Local and provincial hospitals such as those in (Hubei) province continuously monitor 

admissions and between the 27th and 29th December 2019 detect (3) clusters of similar 

unexplained pneumonia cases. These are reported to the Health Commissions at both 

(Hubei) provincial and (Wuhan) municipal levels on the 29th December 2019. 

3. (4) Front-line medical staff at the (Hubei) provincial hospital observe human-to-human 

transmission and (5) recommend to the Wuhan Health Commission that there should be 

an appropriate escalation of the public health emergency response level. 

4. (6) Front-line medical staff at the (Hubei) provincial hospital share information on social 

media warning friends and relatives that there have been multiple admissions of 

pneumonia cases similar to SARS and advising that they should not go to the Hua’nan 

seafood market and that they should wear masks. (24) Some asymptomatic citizens begin 

to evacuate Wuhan.  

5. (7) The Wuhan Health Commission disregard front-line medical staff assessments instead 

assessing that no human-to-human transfer is taking place and maintain this position until 

19th January. 

6. (8) To maintain social order and prevent a public panic, the Wuhan Health Commission 

categorizes front-line medical workers as “rumor mongers” and blocks their further 

attempts to warn the public via social media. The Wuhan Health Commission also blocks 

front-line medical staff from reporting, as they are obliged to do, unknown pneumonia 

outbreaks directly to the Chinese Center for Disease Control and Prevention (CCDCP).  

7. (9) Under Article 43 of the Emergency Response Law the municipal Wuhan Health 

Commission also fails to warn the provincial Hubei Health Commission of the severity 
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of the unfolding significant public health emergency. In turn the provincial Hubei Health 

commission under Article 38 of China’s Law on the Prevention and Control of Infectious 

Diseases fails to raise the emergency response level appropriately to respond to a 

significant public health emergency. 

8. (10) The WHO is not formally briefed of the severity of the unfolding significant public 

health emergency. However, the WHO does become aware of a significant threat to 

public health via (6) social media reports. (9) Hubei province, (22) Beijing and local 

stakeholders such as emergency workers, the police and firefighters also become aware 

via (6) social media reports. 

9. (24) Infected asymptomatic COVID-19 carriers leave Wuhan. 

10. (11) Global human-to-human COVID-19 transfer starts to take place. 

11. (12) A significant public health emergency is not declared leading to (13) no municipal 

Wuhan quarantine or lock-down.  

12. (14) Clusters of viral outbreaks spread rapidly leading finally to a (7) re-assessment by 

Wuhan city officials and the (20) declaration of a significant public health emergency. 

13. (15) A level 1 emergency response is initiated on the 23rd January. 

14. (16) The existing Contingency Plan for Public Health Emergencies of Hubei Province 

and Wuhan City must be adapted in real time as it provides little practical guidance for 

the coordination of civic bodies and emergency services. 

15. (17) Initial Wuhan lock-down measures cause widespread panic and (24) large numbers 

of citizens flee overnight ultimately accelerating (11) global human-to-human Covid-19 

transfer. 

16. (18) Eventually a local Wuhan epidemic is contained but (11) a global pandemic is now 

underway.  
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Fig. 7.3: The ‘Baseline’ Declarative Process Model of Chinese COVID-19 Public Health Response (WU1). 
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Using this stepwise decomposition of Gao and Yu’s account we can model Chinese 

public health response to the Covid-19 outbreak in Wuhan as the declarative process graph in 

Fig. 7.3. Each activity, labelled with a bracketed number (x) in the stepwise description above 

maps to a numbered activity in the equivalent declarative process graph in Fig. 7.3. Each 

constraint identified in the stepwise refinement also maps to a formal LTL encoding in the 

declarative process graph. For example, the line entries 3 and 5 in the stepwise refinement are 

interpreted as precedence constraints between activities (4) and (5) and (5) and (7). In other 

words, if all of the activities (4), (5) and (7) have occurred then they must occur in that order, 

but a “(4) front-line government scientist assessment” can also occur without any guarantee 

that it will be followed up with a “(5) front-line government scientist recommendation”. 

Similarly, a “(5) front-line government scientist recommendation” can occur without any 

guarantee that it will be considered in a “(7) Wuhan city public health threat evaluation”. The 

meaning of all the constraints used in Fig. 7.3 in terms of logically allowed and disallowed 

sequences of activities can be found in table 7.1. 

7.4.2 Recommendations for Change 

Of course, with hindsight, we already know what the outcome of the Chinese public 

health emergency response process was. The Chinese Covid-19 epidemic was brought under 

control but there remains an ongoing global Covid-19 pandemic. Consequently, several 

recommendations were made by Gao and Yu (2020) that they believe would have resulted in 

more optimal outcomes. That is, both a more efficient containment of the local epidemic and 

also a containment of the global pandemic. Briefly, those recommendations are as follows: 

Recommendation 1: “First, local governments can use the ICTs to create a more transparent 

information mechanism. The free flow of information could alert all stakeholders to potential 
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emergencies, while the open government data form the base for cross-border collaboration.” 

(Gao and Yu, 2020, p. 1) 

Recommendation 2: “Second, a more comprehensive Public Health Emergency Preparedness 

is constructive for local governments in making quality and immediate decisions. This 

preparedness shall clearly define the responsibility of the involved agencies based on a careful 

evaluation of their qualification and capability.” (Gao and Yu, 2020, p. 1) 

Recommendation 3: Third, “in the context of coordinating multiple stakeholders, the role of 

the local government can be defined as ‘meta-governance’. It shall provide rules to facilitate 

collective action and co-produce quality public services.” (Gao and Yu, 2020, p. 1) 

Supplementary Recommendations: In addition, Gao and Yu make three more specific 

supplementary recommendations that they return to at several points in their paper but 

nevertheless do not fit easily into the above recommendations’ classification. 

a) Social media access by government scientists should be strictly controlled (Gao and Yu, 2020, 

p. 4). 

b) Experts will be listened to, and policy will be guided by the science (Gao and Yu, 2020, p. 5). 

c) There should be effective lock-down procedures (Gao and Yu, 2020, p. 5). 

Ultimately, however, we decided to place recommendation 2 out of the scope of the 

present analysis. An analysis of such an emergency preparedness process (within which the 

emergency management process that we examine here can be considered to be embedded) will 

be extremely complex and was in any case only sketched in the Gao & Yu paper. In effect, the 

Chinese public health emergency preparedness process will require a paper length treatment of 

its own. The remaining recommendations 1, 3 and the supplementary recommendations can be 

combined in various ways. For example, recommendation 1 could be modelled alone or in 

combination with recommendation 3 or the supplementary recommendations. This produces a 
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total of eight models of various combinations of recommendations we call WU1 through WU8. 

Comprehensive details of all the WU1 through WU8 combinations of recommendations and 

the models they produce along with other supporting data and materials can be found online 

(Dukes and Casey, 2022). Due to space limitations, however, we present here only the models 

for WU1 (Fig. 7.3) and WU3 (Fig. 7.4). Nevertheless, it is important to note, that in terms of 

the techniques presented here, a recommendation for a process improvement to a model is 

simply the removal, addition, or change to one or more activities and/or one or more constraints 

of that process model. We therefore also present in table 7.2 the simple modelling changes to 

the WU1 baseline model that are required to produce the models WU2 through WU8. 

On-
Line 

Process 
P 

Combination Recommendation Modelling change 

1 WU1 Baseline N/A N/A 

2 WU2 Baseline.R1 Increase transparency.  

3 WU3 Baseline.SR 

Social media access by 
government scientists should 
be strictly controlled. 

 

Experts will be listened to, and 
policy will be guided by the 
science. 

 

There should be effective lock-
down procedures. 

 

4 WU4 Baseline.R1.R3 
Increase transparency.  

Increase metagovernance.  

5 WU5 Baseline.R1.SR 
Increase transparency  

As WU3 As WU3 

8 WU6 Baseline.SR.R3 
Increase metagovernance  

As WU3 As WU3 

9 WU7 Baseline.R3 Increase metagovernance  

10 WU8 Baseline.R1.SR.R3 

Increase transparency  

As WU3 As WU3 

Increase metagovernance  

Table 7.2: Modelling changes for Gao and Yu recommendations (R1 = recommendation 1, 

R3 = recommendation 3, SR = supplementary recommendations). 
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Fig. 7.4: The ‘Baseline’ Model in Fig. 7.3 Revised with Gao and Yu’s Supplementary Recommendations (WU3).71 

 
71 The absence of an activity 6 is purely for calculation convenience. Renumbering the activities would have created a considerable re-calculation overhead. 
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7.5 Measurement 

In order to measure and compare the properties of the declarative process models we 

have defined in Fig. 7.3, Fig. 7.4 and the other variations online (Dukes and Casey, 2022) we 

must first clarify some terminology. A declarative process encodes the valid decision paths that 

given the institutional constraints on their actions, are available to the actors participating in 

the process. A sequence of activities that satisfies the constraints on a declarative process is 

called a valid trace and the set of valid traces that satisfy the constraints is called a valid trace 

set. A valid trace set can be very large. In fact, a valid trace set can be infinite in size if the 

repetition of activities in a trace were allowed. For this reason, we only consider the set of first 

passage traces which are those valid traces where an activity appears for the first and only time 

and is not further repeated in the trace. The idea of first-passage events, on which we base our 

concept of first passage traces, is not new. It is a common technique in applied probability 

(Redner, 2001). A further discussion and justification of the technique can be found in (Dukes 

and Casey, 2021, p. 4). Even so, considering only first passage traces, the modelling of the 

Chinese public health response to the Covid-19 crisis in Fig. 7.3, with just 21 activities and 38 

constraints, requires a valid trace set of more than 37.5 million traces. Clearly, a brute force 

computation of a valid trace set of any non-trivial declarative process model will require 

considerable computing resources. We therefore use a variety of reduction techniques in 

SageMath (a computer algebra system) to compute the valid trace set in a reasonable time. A 

random excerpt of 10 traces from the more than 37.5 million traces of the valid trace set of Fig. 

7.3 is shown in Fig. 7.5. Each number represents an activity and each of these 10 random traces 

represents a valid process path that can be manually traced through the model in Fig. 7.3.  
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 . 

 . 

 . 

 
t1 [2, 3, 4, 5, 6, 21, 22, 7, 9, 24, 8, 10, 11, 12, 13, 14] 
t2 [2, 3, 4, 5, 6, 21, 22, 7, 9, 24, 8, 10, 12, 13, 11, 14] 
t3 [2, 3, 4, 5, 6, 21, 22, 7, 9, 24, 8, 10, 12, 13, 14, 11] 
t4 [2, 3, 4, 5, 6, 21, 22, 7, 9, 24, 8, 11, 10, 12, 13, 14] 
t5 [2, 3, 4, 5, 6, 21, 22, 7, 9, 24, 8, 11, 12, 13, 10, 14] 
t6 [2, 3, 4, 5, 6, 21, 22, 7, 9, 24, 8, 11, 12, 13, 14, 10] 
t7 [2, 3, 4, 5, 6, 21, 22, 7, 9, 24, 8, 12, 13, 10, 11, 14] 
t8 [2, 3, 4, 5, 6, 21, 22, 7, 9, 24, 8, 12, 13, 10, 14, 11] 
t9 [2, 3, 4, 5, 6, 21, 22, 7, 9, 24, 8, 12, 13, 11, 10, 14] 
t10 [2, 3, 4, 5, 6, 21, 22, 7, 9, 24, 8, 12, 13, 11, 14, 10] 

  

 . 

 . 

 . 

Fig. 7.5: Excerpt of 10 valid traces (from the set of more than 37.5 million valid traces) of 

the declarative process model in Fig.7.3. 

 

7.6 Declarative Process Metrics 

The derivation of metrics, from large declarative process trace sets, is still in its infancy. 

Mike Marin, for example, in a survey of complexity metrics for CMMN, comments “no 

complexity metrics for declarative process models have been proposed” (Marin, 2017, p. 131). 

Consequently, Dukes and Casey have proposed several metrics that can be used to measure and 

compare the properties of large valid trace sets. It turns out that these metrics have formulations 

in terms of “the entropy of a simple random variable on the space of first-passage traces” 

(Dukes and Casey, 2021). Combinatorial diversity, for example, can be used as a measure of 

the degrees of freedom or the resilience of a process, as a relatively larger valid trace set implies 

that the participants have more options available to them whatever unexpected events they face. 

It is defined in a normalised form that runs from 0 to 1 as follows. 

Definition 5.1: Let 𝐷 = (∑, 𝐶𝑜𝑛𝑠𝑡)  be a declarative process with minimal constraint set 

MinConst that must be satisfied by all traces. Then a measure of the diversity of D is 
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𝑐𝑜𝑚𝑏_𝑑𝑖𝑣𝑒𝑟𝑠𝑖𝑡𝑦 =
ln(𝑣𝑎𝑙𝑖𝑑(𝐷))

ln(𝑣𝑎𝑙𝑖𝑑(𝐷𝑀𝑖𝑛𝐶𝑜𝑛𝑠𝑡))
 

In terms of the declarative process modelled in Fig. 7.3, an example of a minimal constraint 

set, where minimally activity 2 (monitor for virus) must be present in every trace is 

𝑀𝑖𝑛𝐶𝑜𝑛𝑠𝑡 = {𝑃𝑟𝑒𝑠𝑒𝑛𝑡𝑎2} 

It is also possible that the minimal constraint set is empty. In that case definition 5.1 can be 

written as follows. 

Definition 5.2: Let 𝐷 = (∑, 𝐶𝑜𝑛𝑠𝑡)  be a declarative process with minimal constraint set 

𝑀𝑖𝑛𝐶𝑜𝑛𝑠𝑡 = ∅. Then a measure of the diversity of D is 

𝑐𝑜𝑚𝑏_𝑑𝑖𝑣𝑒𝑟𝑠𝑖𝑡𝑦 =
ln(𝑣𝑎𝑙𝑖𝑑(𝐷))

1 + ln(|∑|!)
 

We also introduce a measure of goodness that allows for comparisons of policy processes with 

respect to an arbitrarily prescribed notion of goodness. In terms of the declarative process 

modelled in Fig. 7.3, an example of a good constraint set is where activity 11 (global pandemic) 

is not present in any trace and activity 18 (local spread contained) is present in every trace. 

𝐺𝑜𝑜𝑑𝐶𝑜𝑛𝑠𝑡 = {𝑁𝑜𝑡_𝑃𝑟𝑒𝑠𝑒𝑛𝑡𝑎11, 𝑃𝑟𝑒𝑠𝑒𝑛𝑡𝑎18} 

Definition 5.3: Let 𝐷 = (∑, 𝐶𝑜𝑛𝑠𝑡) be a declarative process. Let GoodConst be the collection 

of declarative constraints that are considered good. Then a normalised goodness measure that 

runs from 0 to 1 with respect to GoodConst is 

log_goodness(𝐷, 𝐺𝑜𝑜𝑑𝐶𝑜𝑛𝑠𝑡) =
ln(𝑔𝑣𝑎𝑙𝑖𝑑)

ln(𝑣𝑎𝑙𝑖𝑑)
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For the derivation of these and other metrics that can be used to measure the properties of 

declarative processes see (Dukes and Casey, 2021). 

Using these definitions, the declarative models in Fig.7.3, Fig. 7.4 and the other models 

available online (Dukes and Casey, 2022), can be measured as in table 7.3. 

Process 
P 

Number of 
Traces 

Comb. 
Diversity 

not 11 
(G1) 

18 (G2) not 11 & 18 
(G3) 

logg(P,G1) logg(P,G2) logg(P,G3) 

WU1 37,528,286 0.3525407 462,364 28,052,126 299740 0.7479160 0.9833130 0.7230638 
WU2 3,491,470 0.3445376 47,246 2,573,488 30584 0.7144061 0.9797515 0.6855401 
WU3 2,225,085 0.3151199 273,312 2,168,998 255418 0.8565246 0.9982532 0.8518916 
WU4 3,120,025 0.3022639 39,558 2,573,488 30584 0.7079030 0.9871214 0.6906968 
WU5 114,273 0.2511063 8,097 111,824 7664 0.7727101 0.9981398 0.7679911 
WU6 3,055,525 0.3219581 380,272 3,055,227 19200 0.8604503 0.9999959 0.7822005 
WU7 51,578,152 0.3589688 640,731 42,374,934 56944 0.7528948 0.9889326 0.8158040 
WU8 111,825 0.2506394 7665 111,824 380198 0.7694329 0.9999992 0.8604357 

Table 7.3: ‘Combinatorial diversity’ and ‘goodness’ metrics of declarative models WU1 to WU8. 

7.7 Descriptive Statistics 

The metrics defined in section 7.5.1 were used to measure the presence or absence of 

activities in valid trace sets. The process in Fig. 7.3, for example, is considered well-designed 

or “good” to the extent that its valid trace set has less activities 11 present and more activities 

18 present. However, it is also possible that the position where an activity occurs in a trace set 

matters. In other words, it would be better that an activity 11 (the realization that a global 

pandemic is underway) occurred early in a trace set rather than later, as then there is an 

opportunity to bring the global pandemic under control before the virus has overwhelmed the 

global pandemic defenses. On this basis, if we consider the sample traces in Fig. 7.5, then trace 

t1 is preferred to trace t2, and trace t2 is preferred to trace t3. We therefore analyzed the trace 

sets in terms of the probability density of activity 11 against its position in the trace sets WU1 

through WU8. All the probability density functions (PDFs) were found to have a high negative 

skew, but the measured excess kurtosis results were more mixed, varying from positive to 

negative. Nevertheless, a Kolmogorov-Smirnov test gave a very high goodness of fit to a 
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Johnson SB probability distribution. As all Johnson SB probability distributions have simple 

inversions with normal distributions, we can use normal distribution summary statistics to 

make comparisons between the PDFs in terms of the position of activity 11 in the valid trace 

sets. The results are shown in table 7.4 and Fig. 7.6 

 WU1 WU2 WU3 WU4 WU5 WU6 WU7 WU8 

Sample Size 25  25  25   25 
Range 24  24  24   24 
Mean 15.964  18.333  17.946   18.194 

Median 17  19  18   19 
Variance 16.661  4.6819  5.6329   7.0402 

Std. Deviation 3.9574  2.1638  2.3734   2.6533 
Coef. of Variation 0.244789  0.11802  0.13225   0.14583 

Std. Error 0.79148  0.43275  0.47467   0.53067 
Skewness -0.51303  -0.85792  -0.83515   -0.62762 

Excess Kurtosis -0.69315  0.18893  0.09756   -0.25688 

Table 7.4: Descriptive statistics of declarative models WU1 to WU8 

 

  

  

Fig. 7.6: Probability densities of activity 11 (global pandemic) in valid trace sets WU1 to 

WU8. (■Histogram: Johnson SB) 
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7.8 Conclusion 

Our results are unequivocable. If Gao and Yu’s near real-time description of the event’s 

surrounding the Covid-19 breakout from Wuhan are accurate and if our declarative models are 

faithful to Gao and Yu’s description, then the global Covid-19 pandemic of 2020/21 really was 

a sure thing. In terms of our declarative model, at least, of the more than 37.5 million decision 

paths available to the involved officials we determine that in 37 million cases the institutional 

constraints on those officials ensured there would be a global pandemic whatever decision path 

they took. In addition, we find no support for remedies that include increased transparency or 

meta-governance of the emergency response process although we do not rule out that such 

remedies may influence the outcome of the emergency preparedness process. On the other hand, 

we do find qualified support for remedies that include strict control of social media access by 

government scientists, evidence-based decision making guided by the best available scientific 

and administrative advice, and effective lock-down procedures. 

However, whilst we present here for the first time a declarative analysis of a significant 

public policy episode our intention is not to provide a rear-view mirror on events. Our intention 

is to provide a means of predicting and taking control of those events. Afterall, it would have 

been much better if a declarative analysis of public health emergency response processes had 

been performed, not only in China but globally, before the event in 2019 rather than after the 

event in 2021. There is much work to be done. Particularly around the standardisation of subject 

matter ontologies and the qualitative and descriptive methods on which modelling approaches 

such as ours depends. Nevertheless, it is our belief that the methods presented here can form 

the basis of not only much more informed future public health emergency response regimes 

but also much more informed future policy making and future public administration generally. 
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8 Open Questions & Future Work 

8.1 Introduction 

Declarative modelling of any parts of the public policy process is a very new proposal 

and must be considered a work in progress. A particularly striking example of its partial public 

sector uptake is provided by the Danish government. In part, due to its long history of support 

for early stage declarative process research, the Danish government is now the most advanced 

public sector user of commercialized declarative process technologies. The declarative process 

modelling tool DCR Graphs, for example, is deeply embedded in the decision making and 

workflows of the Danish public administration system: 72   

 
"Most notably, the [DCR Graphs] engine was integrated into Workzone, a case management 

product used by over 70% of Danish central government institutions, and the portal has become 

a cornerstone of the Ecoknow research project, which proposes a novel digitalization strategy 

for Danish municipalities grounded in the declarative modelling of knowledge-intensive citizen 

processes." (Back et al., 2021, p. 20) 

 

However Danish central and local government have not taken the next step of using 

declarative process tools and techniques to reengineer the more overtly political agenda setting 

and policy making components of its decision making. In large part this due to the origins of 

the declarative process approach in business process modelling rather than policy process 

modelling. Consequently, in Denmark, commercialized declarative process modelling tools 

have found a ready market automating only those more instrumental parts of public 

administration and public sector decision making that can be conceptualized in terms of a 

business process. It is precisely because of the origins of declarative process modelling in 

business process modelling that there are now many open questions that need to be addressed 

 
72 See also section 6.1.2 
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if declarative process modelling is to find a practical use as both a research and practitioner 

tool in the policy process domain. For example, one open, primarily methods question, is 

should LTL be substituted by or complemented with other modal logics? For example, deontic 

logic will allow the measurement and quantification of duty and obligation within a policy 

making process  (cf. Crawford and Ostrom, 1995), whereas the argumentation frameworks due 

to Toulmin, Walton, Dung, Searle and others (cf. Schneider et al., 2013) will allow the 

quantification of the effects of argumentation and persuasion (cf. Fischer and Forester, 1993). 

Introducing new modal logics therefore has the potential to allow not only an analysis of the 

business-like and rationally driven implementation processes, but also the more politically 

driven agenda setting and policy making processes.  

However, there is a consequence. The much increased modelling complexity of agenda 

setting and policy making processes will require much more powerful computers. Accordingly, 

there will also be an opportunity to connect declarative process policy analysis with recent 

developments in quantum computing. The solution of a complex policy process declarative 

model, for example, can be conceptualized in terms of a SAT boolean satisfiability problem. 

Indeed, this is already the basic strategy of several popular declarative process modelling 

tools.73 Quantum algorithms such as Grover’s algorithm can also be used to solve complex 

SAT boolean satisfiability problems, and this opens up the possibility of using quantum 

computers to model and quantify complex social processes such as the public policy making 

process. In addition, public policy making has always been a process that requires the 

participation of public sector actors that are very different in kind and skill-set to those required 

in a private sector business process. Examples include legislators, public administration 

officials and other civil society representatives of the epistemic community (Haas, 1992). 

Various international standards define the public administration and public policy making roles 

 
73 For example, the alloy method in RuM (Rule Mining Made Simple): https://rulemining.org/ 



An Algorithmic Theory of the Policy Process 

168 

 

involved so it is an open, primarily ontological, question which standards should be used or 

how existing international standards should be enhanced or extended.  

In order to guide possible lines of future research, the remainder of this chapter 

addresses several open questions. 

8.2 An Open-Source Calculator 

Considerable effort was invested in optimizing the SageMath computer code required 

to measure the declarative models in the COVID-19 case study in chapter 7. Making this tool 

widely available to the research community would now be very difficult. The next step, 

therefore, would be to build an open source declarative process calculator based on this work. 

In principle it could be deployed as a package available to all researchers in the popular “R” 

software environment for statistical computing and graphics.74  

One possible way forward is to draw on recent work from the process mining literature. 

XES (eXtensible Event Stream) is an XML-based standard for recording computer application 

event log data. Its purpose is to provide a standard for achieving interoperability of event log 

data and event streams between computer systems and computer application domains. In 2016, 

XES was approved as an internationally agreed standard (IEEE, 2016). A new generation of 

process mining tools, for example, RuM (Rule Mining made Simple) 75  can generate 

representative synthetic log file samples from DECLARE models in the XES format. We can 

use this feature of RuM to build a declarative process calculator in R. For example, let’s 

reconsider the simple declarative process model in Fig. 7.1 It has three activities, a, b, c and 

one precedent constraint such that activity b can only be performed after activity a and activity 

c can be performed at any time. Activity a may be public consultation, activity b may be a 

parliamentary vote, and activity c may be media management. If we implement this simple 

 
74 See The R Project for Statistical Computing: https://www.r-project.org/ 
75 See RuM (Rule Mining Made Simple): https://rulemining.org/ 

https://www.r-project.org/
https://rulemining.org/
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model in RuM then we can also generate a synthetic log file in the XES format. A single sample 

trace can be found in Box 8.1. RuM can generate thousands of representative traces, similar to 

this example trace, from DECLARE models using several sampling techniques. The 

regularities in these XES files can be used to form the basis of a calculator. For example, 

another XML parsing tool called OpyenXES (Valdivieso et al., 2018) can be used to count 

occurrences of the activity a:public consultation relative to other activities in all traces, or 

process paths, allowed by the constraints. This could provide a simple measure of transparency 

as follows. If the a:public consultation activity appeared in 35 out of 100 allowed XES traces 

in public policy process model X then it could be assigned a ‘transparency’ value of 35/100 = 

0.35. If, on the other hand, the a:public consultation activity appeared in 70 out of 100 allowed 

XES traces in public policy process model Y then it could be assigned a ‘transparency’ value 

of 70/100 = 0.70. Model Y would be considered more ‘transparent’ than model X using this 

simple measure. A much more sophisticated transparency metric could be designed using the 

ideas in section 8.10.1. 

8.3 Weighted Constraints 

In chapter 7 the constraints on the officials confronting the Covid-19 crisis were 

modelled as absolute ‘hard’ constraints. For example, virus detection worked 100% of the time 

or public lockdown and management of social media was 100% effective. Much more likely is 

that there are both false negatives and false positives and that even the best engineered virus 

detection systems are not 100% foolproof. Similarly, no public lock-down process could be 

100% effective no matter how well it was resourced or enforced. It would be much more 

realistic for example to model virus detection systems that meet the minimum performance 

requirements of ≥ 80% sensitivity and ≥ 97% specificity recommended by both the WHO 

(2021) and the EC (2021a). 
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Box 8.1: An example XES trace generated by modelling the simple example process in Fig. 7.1 

<trace> 

 <string key="concept:name" value="Case No. 04 [positive]"/> 

 <string key="trace:type" value="positive"/> 

 <event> 

  <string key="concept:name" value="a:public consultation"/> 

  <string key="lifecycle:transition" value="complete"/> 

  <date key="time:timestamp" value="2021-12-23T02:41:06.719+01:00"/> 

 </event> 

 <event> 

  <string key="concept:name" value="b:parliamentary vote"/> 

  <string key="lifecycle:transition" value="complete"/> 

  <date key="time:timestamp" value="2021-12-23T03:03:15.719+01:00"/> 

 </event> 

 <event> 

  <string key="concept:name" value="a:public consultation"/> 

  <string key="lifecycle:transition" value="complete"/> 

  <date key="time:timestamp" value="2021-12-23T03:31:46.719+01:00"/> 

 </event> 

 <event> 

  <string key="concept:name" value="a:public consultation"/> 

  <string key="lifecycle:transition" value="complete"/> 

  <date key="time:timestamp" value="2021-12-23T04:18:37.719+01:00"/> 

 </event> 

 <event> 

  <string key="concept:name" value="c:media management"/> 

  <string key="lifecycle:transition" value="complete"/> 

  <date key="time:timestamp" value="2021-12-23T04:32:48.719+01:00"/> 

 </event> 

  <event> 

  <string key="concept:name" value="c:media management"/> 

  <string key="lifecycle:transition" value="complete"/> 

  <date key="time:timestamp" value="2021-12-23T04:34:38.719+01:00"/> 

 </event> 

 <event> 

  <string key="concept:name" value="a:public consultation"/> 

  <string key="lifecycle:transition" value="complete"/> 

  <date key="time:timestamp" value="2021-12-23T04:50:31.719+01:00"/> 

 </event> 

 <event> 

  <string key="concept:name" value="a:public consultation"/> 

  <string key="lifecycle:transition" value="complete"/> 

  <date key="time:timestamp" value="2021-12-23T05:02:07.719+01:00"/> 

 </event> 

 <event> 

  <string key="concept:name" value="a:public consultation"/> 

  <string key="lifecycle:transition" value="complete"/> 

  <date key="time:timestamp" value="2021-12-23T05:35:26.719+01:00"/> 

 </event> 

 <event> 

  <string key="concept:name" value="a:public consultation"/> 

  <string key="lifecycle:transition" value="complete"/> 

  <date key="time:timestamp" value="2021-12-23T05:45:27.719+01:00"/> 

 </event> 

</trace> 
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Similarly, it is extremely unlikely that any lock-down will be 100% effective either. In 

the modelling of the management of public health emergencies there is a requirement therefor 

also to weight the effectiveness of other activities related to virus detection such as quarantines 

and lockdowns. In addition, there is also a general requirement to be able to weight the 

effectiveness of activities and constraints depending on the results of empirical research and 

experiment. For example, where there is a two-way decision point where an activity can branch 

to one of two subsequent activities the assumption in the models is that each of the allowed 

paths is equally likely. However, empirical research and/or experiment may reveal that public 

officials, depending on the circumstances and constraints they must consider may generally 

prefer one decision path over another and that a more accurate model requires the weighting of 

the outcome of an activity as 30/70 or 70/30 rather than 50/50 (cf. Vanderfeesten et al., 2007). 

It is already confirmed, for example, by numerous experiments from behavioral science that 

human reasoning and decision making has several repeatable and predictable inbuilt cognitive 

biases. In the behavioral science literature the most important of these cognitive biases go by 

the names of conservatism, subadditivity, the conjunction error, and the disjunction error 

(Costello, 2012). It is highly likely, therefor that the realistic modelling of policy episodes of 

interest will require and a capability to weight the impact of constraints on actor behavior. 

8.4 Repeated Activities 

If activities are allowed to repeat in declarative process models, then in principle the 

traces they produce can be of infinite length. Consequently, repetition of activities was 

explicitly prohibited in the modeling in the case study chapter 7 by appealing to the theoretical 

precedent of first passage processes (Redner, 2001). However, for several reasons this is clearly 

not realistic. In the real world, deadlines, budgets and resourcing constraints ensure that 

although activities routinely repeat, they cannot do so indefinitely. Infinite length decision 

paths, or traces, in the context of public decision making, simply do not occur and will 
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eventually be brought to a close. Famously, in the post-war period, Herbert A. Simon 

introduced the concepts of “bounded rationality” and “satisficing” to capture this public and 

private sector bureaucratic reality (Simon, 1957). Later, in the mid-70s, the bureaucratic 

learning that was being implicitly modelled in repeated  prisoner’s dilemma games also became 

a common solution to the cooperation paradox in un-cooperative games (Taylor, 1976).  

Moreover, and perhaps most importantly, the activities in traces where repetition occurs 

are most likely to be the sites of organizational ownership of duties and responsibilities. In Fig. 

7.3 and Fig. 7.4 in the case study chapter 7, one obvious site of repeated activities is activity 7: 

Wuhan city assessment. Officials responsible for this activity will naturally be repeatedly 

assessing their response to the very fast-moving circumstances of a growing pandemic threat. 

Consequently, the sites of repeated activities are of great theoretical and practitioner interest. 

After all, the institutions of the State and civil society arise precisely so that common civil 

activities such as legislation and public administration can be repeated in predictable but 

regrettably not always societally more equitable ways (Huntington, 1968, Fukuyama, 2011). It 

is therefore crucial that future declarative modelling of the policy process allow repetition of 

activities as can be clearly seen in the XES snippet in Box 8.1.      

8.5 Public Problem Solving Metrics 

As has been noted in chapter 7 the derivation of metrics, from large declarative process 

trace sets, is still in its infancy. Mike Marin, for example, in a survey of complexity metrics for 

CMMN, comments “no complexity metrics for declarative process models have been proposed” 

(Marin, 2017, p. 131). Consequently, Dukes and Casey have proposed several metrics that can 

be used to measure and compare the properties of large valid trace sets. It turns out that these 

metrics have formulations in terms of “the entropy of a simple random variable on the space 

of first-passage traces” (Dukes and Casey, 2021). 
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What other declarative process metrics, though, could be derived? As it happens, Martin 

Lodge and Kai Wegrich identified four administrative capacities at “the heart of public problem 

solving” (Lodge and Wegrich, 2014, p. 14). These public policy problem solving capacities 

they considered to be of a policy delivery, regulatory, coordination and analytical nature. 

However they were also painfully aware that “it is difficult to ‘measure’ these capacities” 

(Lodge and Wegrich, 2014, p. 15). Declarative modelling indicates a way in which these public 

problem solving capacities could be measured and compared across policy domains and States, 

and I propose here that the initial construction of declarative metrics could therefore be usefully 

organized in terms of Lodge and Wegrich’s four public problem solving capacities 

8.6 Quantum Algorithms 

Alexander Wendt (2015) and Der Derian and Wendt (2020) have proposed the idea that 

social systems, in particular international relations are quantum systems. What is interesting is 

that like Easton and the general systems theorists, the mechanism by which natural and social 

science is to be unified is via a shared ontology. We will return to this theme again in section 

8.8. However, to date the results of this emerging theory of quantum social science are largely 

confined to the quantum effects at a mind (agent) rather than a system (institutional framework) 

level. So, the focus is quantum alternatives to rational choice, which experiment has long 

shown is not well supported in live trials of human decision making (Kahneman et al., 1982, 

Tversky and Kahneman, 1983, Tversky and Shafir, 1992). One way of doing this has been 

found to be the vectorization of the decision components in Hilbert space, the quantum 

probabilistic logic of which does produces decision outcomes which do match experiment 

better than rational choice (de Freitas and Sinclair, 2018).  

However, results like this are not at the systems level of the public policy process. There 

is, though, another possibility. Grover’s quantum algorithm was designed for searching an 
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unstructured database, but it can be repurposed to solve boolean SAT satisfiability problems of 

the type: 

 

𝑓(𝑣1, 𝑣2, 𝑣3) = (¬𝑣1 ∨ ¬𝑣2 ∨ ¬𝑣3) ∧ (𝑣1 ∨ ¬𝑣2 ∨ 𝑣3) ∧ (𝑣1 ∨ 𝑣2 ∨ ¬𝑣3) 

∧ (𝑣1 ∨ ¬𝑣2 ∨ ¬𝑣3) ∧ (¬𝑣1 ∨ 𝑣2 ∨ 𝑣3) 

 

In words, in the context of a declaratively defined policy process, what this equation is 

saying is find a process decision path on the left side of the equation that satisfies all the 

constraints on the conduct of the policy process on the right side of the equation.76 

Essentially, reformulating the policy process as a complex SAT boolean satisfiability 

problem has been a major topic of this thesis. This leads to two obvious possibilities: 

1. Considerable efficiency gains can be expected using quantum computers and 

quantum algorithms to calculate the metrics and results of declarative policy 

processes. Indeed, speeding up the solution to public policy problems to the 

quadratic time of Grover’s algorithm may be the only feasible way to solve more 

complex public policy problems.  

2. The more interesting possibility is that the policy process formulated as a boolean 

SAT satisfiability problem is (ontologically) a quantum system as Der Derian and 

Wendt (2020) claim.  

8.7 Policy Process Mining 

Over the last 20 years a large business process mining research literature has matured 

into several practical commercial applications (cf. van der Aalst, 2016). The “raw” data driving 

this development are the decades of computer log files generated by corporate ERP systems. 

“Mining” this raw data provides both imperative and declarative insight into complex often 

 
76 However, to derive useful metrics, it will be necessary to enumerate all possible solutions to a 

boolean formula (#SAT) not just establish that there exists a solution to a boolean formula (SAT).  
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globalized production and business processes. Large global corporations can use this insight to 

reduce duplication and extract efficiencies from financial and human capital. However, the 

public policy process, although often computer assisted, is generally a highly manual process 

that produces few if any log files of the type generally analyzed in the business process mining 

literature. Instead, the public policy process produces much more unstructured electronic data 

including, speeches, minutes, memorandum, voting records, legislative drafts, budget 

proposals to name but a few. Any policy process mining tools will therefore need to be able to 

process the information rich but much more unstructured electronic data involved in the public 

policy process. It is already the case that the text processing literature is extracting counts of 

words. phrases and topics from publicly available electronic documents. For example, Cross 

and Greene (2020) perform a topic analysis of ECB speeches between 1999 and 2018 that 

challenges punctuated equilibrium theory (PET) based explanations of central bank agenda 

setting.77  However, the automated extraction of declarative process models from business 

oriented natural language texts remains very much at the frontiers of the computer science 

literature (van der Aa et al., 2019, pp. 365-7). The future extraction of declarative process 

models from the speeches and minutes of political actors will be very challenging but 

nevertheless a necessary evolutionary step forwards for declarative policy process analysis. 

8.8 A Public Policy Domain Ontology 

The abandonment of the systems approach of Easton and Parsons and the consequent 

marginalization of the importance of basic ontology within many social sciences has had very 

detrimental effects and is long overdue a reassessment. As Andreas Pickel notes: 

 
“It has left social scientists who choose to ignore ontology in their theoretical and empirical 

work defenseless against enterprising settlers from a variety of humanities and social science 

 
77 Cross and Greene (2020, p. 441) do not consider that their findings on ECB communications policy 

falsify PET or rule out the usefulness of PET in other policy making or agenda setting contexts.  
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disciplines who attack mainstream work with - often simplistic and naïve, but nevertheless 

fundamental - philosophical arguments, whether anti-scientific postmodernists or pseudo-

scientific rational choice theorists.” (Pickel, 2007, p. 391). 

 

Despite Lasswell having made it clear more than 70 years ago that any study of the 

policy process was by definition normative, any ontologically formal consideration of this 

aspect is now often absent from modern policy analysis which has indeed, just as Pickel warns 

become vulnerable to colonization by rational choice theorists. The examples of the Planning, 

Programming, and Budgeting System (PPBS) in the 1960’s and New Public Management 

(NPM) in the 1980’s are just two of the most prominent examples of this trend. 

Neither has this lack of focus on the normative dimensions of the policy making process 

been the only consequence of a failure to develop an agreed policy process ontology. A shared 

understanding of the distinctions between basic terms such as network, process and system can 

often also not be assumed in the literature. Unfortunately, the confusion about the meaning of 

these terms is serving only to entrench a dominant network approach to policy analysis which 

the process oriented algorithmic approach seeks to challenge. For example, an extraordinary 

example of a network theory hammer finding only network rather than process nails is the way 

Tobias Jung (2010, p. 351) claims Bentley (1908) as a proto-network theorist in Osborne’s 

(2010) influential edited volume on New Public Governance. This is despite the fact that 

Bentley’s book is called the Process of Government and in 579 pages of densely written text 

Bentley mentions the term network only 3 times (Bentley, 1908, pp.186, 246, 261). On two of 

those occasions, Bentley actually mentions a network of activities. In other words, even when 

referring to a network he is referencing a very modern understanding of what a process is. 

Unsurprisingly, on the other hand, he mentions the term process no less than 571 times. That 

is, virtually on every single page of his book. 
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An agreed ontology of the public policy making process is therefore an essential 

building block of a future declarative process research program. There are precedents. For 

example, in the early 2000’s the European Union funded a multi-level-governance Ontology 

for G2G Collaboration in Public Policy Making, Implementation and Evaluation (Loukis, 

2007). However, although this ontology may provide a useful starting point, it was not designed 

to support the algorithmic theory presented here or a declarative approach to the modelling of 

problem solving in the public sector. 

8.9 Threats to Democracy 

Democracy is measurably in decline worldwide. For the first time since 2004, the 

Bertelsmann Transformation Index (2022), has recorded more authoritarian states than 

democracies around the world. Of the 137 countries examined, only 67 are still considered 

democracies. The number of authoritarian states, on the other hand, has increased to 70. 

However, liberal democratic freedoms are not only under external threat from newly 

resurgent Russian, Chinese and other authoritarian States. Liberal democratic freedoms 

are also under threat from within. In most parts of the world hard won liberal democratic 

freedoms have always been very fragile and in many cases have only existed for less than 

a human lifetime (Herre, 2022). What is new is that in recent years even the Western 

bastions of liberal democratic freedoms can no longer be said to be immune from internal 

threats. In 2016, for example, using other indices than the Bertelsmann Transformation 

Index, the Economist Intelligence Unit (EII) downgraded the United States from a “full 

democratic” status to a “flawed democratic” status (Economist Intelligence Unit, 2016). In 

these uncertain times, therefore, what contribution could the ideas presented in this thesis 

make towards the neutralization of such threats to the rules based liberal democratic 

order? 
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8.9.1 External Threats 

The main message of this thesis has been the potential to reengineer more legitimate, 

transparent, and accountable public decision making processes. However, a deeper 

understanding of the processes underpinning public decision making could be used not only to 

enhance those processes but also disrupt them. This presents certain risks, but it also points to 

a potentially useful security and defense application of the declarative process approach 

presented here. The discipline of political science has attempted to categorize the organizing 

principles and defining features of democratic versus authoritarian regimes since Plato’s 

Republic (380 B.C.). However, if a regimes decision making processes were understood with 

a deeper declarative precision, their weak points could then be laid bare. In principle it would 

then be possible to disrupt a regime’s public decision making processes to devastating effect. 

As NATO warily circles a newly belligerent Russian Federation that is threatening the rules 

based international order it may indeed be time to consider the security and defense potential 

of the ideas presented in this thesis.  

As Clyde J. Daines warns, “the West’s military response to the threat of 

authoritarianism continues to focus on large scale combat and expeditionary operations” 

(Daines, 2022). On the other hand, Russian military strategists such as the Chief of the General 

Staff of the Russian Federation Armed Forces, Valery Gerasimov, have long concluded that 

“nonmilitary means of achieving political and strategic goals [have] grown and… exceeded the 

power of force of weapons in their effectiveness” (Gerasimov, 2016, p. 24).Western analysts 

such as West and Allen have gloomily concurred: 

 
“In 2014, Russia illegally annexed the Crimean Peninsula from Ukraine. This operation was 

largely achieved through ‘grey zone’ and hybrid tactics fueled by disinformation, deception, 

and a manipulation of the local political process.” (West and Allen, 2020, p. 96) 

 

For Daines, at least, it is therefore, time to stop mincing words: 
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“The militaries of the liberal order fail to secure the societies they serve when they cede the 

informational and nonmilitary space to authoritarian assaults, and at great peril.” (Daines, 2022) 

 

Daines is not alone. For Thomas J. Wright in All Measures Short of War (2017), cyber war, 

economic war, proxy war and coercive diplomacy, will all be required to maintain American 

power and influence in the face of growing authoritarian threats. Indeed, a non-military 

capacity to degrade authoritarian, political, economic and supply chain decision making may 

well prove to be decisive in future conflicts. 

8.9.1.1 Secession Crisis: Star Wars Episode 2 

Just as the dissertation drew to a close, the specter of war quite unexpectedly returned 

to continental Europe with the invasion of Ukraine by President Vladimir Putin’s Russian 

Federation on the 24th of February 2022. Although the events unfolding far away in the Donbas 

region of Ukraine are too close in time for any meaningful analysis in this thesis, it does seem 

appropriate here to at least make the case for weaponizing the declarative approach by using 

an allegory of Putin’s invasion of Ukraine. In what way, therefore, could a declarative analysis 

have helped disrupt the rise to power of the Galactic Empire under Lord Sheev Palpatine that 

resulted from the far, far away Confederation of Independent States (CIS) secession crisis in 

the Outer Rim of the Galactic Republic?78 

After all, George Lucas, himself, pointed out that Palpatine’s rise to power and the 

collapse of the Galactic Republic’s democratic institutions was meant as an allegory much 

closer to home. 

 
 

“All democracies turn into dictatorships, but not by coup. The people give their democracy to 

a dictator, whether it's Julius Caesar or Napoleon or Adolf Hitler.” (Corliss and Cagle, 2002, 

pp. 64-5) 

 
78 As fictionally chronicled in Episode 2: Attack of the Clones in the Star Wars cinematic saga. 
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In addition, the original state of the Star Wars universe provides an ideal frame for the no 

longer very futuristic explorations of machine ethics where all sentient beings whether organic 

or droid are entitled to constitutional protections, where droids cannot be programmed to purge 

entire races such as the Jedi Knight’s, and where the transparency, accountability and 

legitimacy of public administration must be scaled to hundreds of thousands of planetary 

systems. 

 

8.9.1.1.1 Natural Language 

As usual the analysis always starts with a natural language description of the policy 

making process of interest. This could be derived from interview or survey or other primary 

sources, but more commonly it would be derived from a secondary expert description of the 

relevant policy process or episode. For example, we may start with the following natural 

language description of the fictional events surrounding the separatist crisis depicted in Episode 

2: Attack of the Clones of the Star Wars saga. 

 
“Several trade organizations represented in the Senate, such as the Trade Federation 

and Commerce Guild, kept armies of droids to protect their profits and occasionally took 

advantage of this, such as when the Trade Federation invaded and occupied Naboo. Individual 

sectors also maintained their own security forces, such as Naboo Security Force or the CorSec 

from Corellia, and these were sometimes used to combat small threats. However, there was no 

centralized and official military of the Republic. The Trade Federation and other cartels within 

the Republic desired that the Republic government lack significant central military power so 

that it could not enforce any legal regulations on their business.  

Dissatisfied with several problems in the Republic, such as ineffectual government, 

heavy taxes, and perceived favoritism of the Core Worlds over the Outer Rim planets, the 

Confederacy of Independent Systems (CIS) was formed in 24 BBY: several systems seceded 

from the Republic and formed a new State, thus triggering the Separatist Crisis. The CIS was 

https://en.wikipedia.org/wiki/Trade_Federation
https://en.wikipedia.org/wiki/Droid_(Star_Wars)
https://en.wikipedia.org/wiki/Corellia
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ostensibly headed by former Jedi Master Count Dooku (although Palpatine was actually in 

command of both sides), who gained much popularity amongst critics of the Republic after his 

scathing Raxus Address outlining the problems of the Republic, leading many systems to side 

with him and form the Confederacy. The Separatists became a huge threat to the Republic after 

some of the galaxy's mega-corporations allied with the CIS, as they possessed vast resources 

and private armies of battle droids. A Military Creation Act was proposed in the Republic 

Senate, strongly opposed by many of the Republic's pacifist leaders, such as Padmé Amidala, 

the Queen of Naboo, who feared the possibility of war. But most of the Senate advocated a 

permanent, official, and central military to oppose the Separatist threat. Supporters of the Act 

include Orn Free Taa of Ryloth and Ask Aak of Malastare.  

However, a Clone Army had already been created in secret on the planet Kamino on 

the edge of the galaxy ten years earlier, commissioned without authorization by Master Sifo-

Dyas, a former Jedi perceiving chaos in the galaxy. When it became clear the Confederacy had 

no intention of negotiating, the Republic quickly accepted the Army made for them, and it was 

dubbed the Grand Army of the Republic.” (Wikipedia, 2021) 

 

8.9.1.1.2 Stepwise Refinement 

By stepwise refinement is usually meant an iterative process by which a progressively 

more structured representation of a process is evolved from a semi-structured or less structured 

representations in small incremental steps. More precisely in terms of a declarative process: 

 
Stepwise refinement of a declarative process is the iterative decomposition of a natural 

language description of a social process of interest into the progressively more detailed 

components of declarative models including but not limited to activities, constraints, and actors. 

However, the extraction of process models from semi-structured natural language text in this 

way remains a largely manual, and often error prone process. As a consequence, a very large 

requirements engineering and natural language processing literature addressing this technique 
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can be traced back to the origins of the modern discipline of computer science (cf. Wirth, 1971). 

Both semi-manual and fully automated methods have been proposed to improve on the 

accuracy with which process models can be extracted from natural text, but they have usually 

been proposed from the perspective of an imperative process paradigm. Automated methods 

by which to extract declarative process models from natural language text have only recently 

begun to emerge on the frontiers of the computer science literature (van der Aa et al., 2019, pp. 

365-7). Further discussion of such advanced computer science techniques is outside the scope 

of this thesis but the related challenge of mining declarative process models from the speeches 

and minutes of political actors is briefly considered in section 8.7. 

For the purposes of this thesis the semi-structured natural text description of the Star 

Wars secession crises can be summarized and structured as follows. 

 

(1) For tens of thousands of years, a stable separation of powers was protected by the 

Galactic Republic’s constitution.  

(2) An effective Federal system of planetary public administration imposed and 

collected fair and equitable taxes and (3) the Galactic Republic endured. 

(4) Growing bureaucratic incompetence and corruption combined with heavy taxes, 

and a perceived favoritism of the Core Worlds over the Outer Rim planets, 

eventually leads to unrest in the Galactic Republic. Former Jedi Master Count 

Dooku gains much popularity amongst critics of the Galactic Republic after his 

scathing Raxus Address. He is able to unite opposition to the Galactic public 

forming the breakaway Confederacy of Independent Systems (CIS) in 24 BBY thus 

(5) triggering the Secession Crisis. 

(11) Several trade organizations represented in the Galactic Republic Senate, such as 

the Trade Federation and Commerce Guild, kept armies of droids to protect their 

https://en.wikipedia.org/wiki/Trade_Federation
https://en.wikipedia.org/wiki/Droid_(Star_Wars)
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profits and taking  advantage of the crisis they blockade Naboo so they can 

monopolize control over its important raw materials and resources. 

(7) With trade tensions rising Count Dooku is able to persuade the Trade Federation to 

also commit its private military to the CIS. The (8) Techno Union, the (9) 

Commerce Guild, and the (10) Banking Syndicate quickly follow suit all 

committing their military resources to the breakaway CIS.  

(6) However, the Trade Federation and other cartels within the Galactic Republic had 

always ensured that the Galactic Republic government lacked any significant 

centralized military power so that it could not enforce any legal regulations on their 

business. Now the vast CIS army that Count Dooku had assembled posed an 

existential threat to the Galactic Republic. 

(12) At an emergency session of the Galactic Republic Senate, a Military Creation Act 

is proposed, strongly opposed by many of the Republic's pacifist leaders, such as 

Padmé Amidala, the Queen of Naboo, who feared the possibility of war. But most 

of the Senate advocated a permanent, official, and central military to oppose the 

Secessionist threat. Supporters of the Act include Orn Free Taa of Ryloth and Ask 

Aak of Malastare. 

(14) Secretly however, a clone army had already been created on the planet Kamino 

on the edge of the galaxy ten years earlier, commissioned without authorization 

by Master Sifo-Dyas, a former Jedi perceiving chaos in the galaxy. When it 

became clear the Confederacy had no intention of negotiating, the Republic 

quickly accepted the army made for them, and it was dubbed the Grand Army of 

the Republic (GAR). 

(13) At the same time the Senate grants emergency powers to Lord Palpatine who is 

(15) elected Chancellor. 
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(16) Palpatine assumes command of the GAR and thus begins the rise of the Galactic 

Empire as in the chaos of the (17) Clone Wars the Galactic Republic is swept aside 

and by decree. 

(19) Issuing Order 66 to the GAR army that he now controls Palpatine purges the 

warrior monk class of Jedi Knights who are no longer able to channel the force to 

protect the freedoms of the Republic. 

(18) Palpatine has succeeded in establishing the Galactic Empire and for a time (21) it 

endures. However, on a remote planetary system an orphan boy would discover 

his inner Jedi and eventually against all odds lead the Republican challenge that 

would destroy Palpatine’s evil Empire.  

 

8.9.1.1.3 Measurement 

This structured text description of the Star Wars Episode 2 Secession Crisis can be 

represented graphically in the DECLARE tool as in Fig. 8.1. The meaning of the components 

of the DECLARE graphs have already been described in in section 6.1.1. In principle we could 

then use the calculator proposed in section 8.2 to count valid trace samples which can then be 

used to populate the combinatorial diversity metric proposed in Dukes and Casey (2021). In 

order to disrupt Palpatine’s Galactic domination planning we could then intervene at certain 

junctures in the declarative model to reduce the measured combinatorial diversity. This would 

have the effect of reducing Palpatine’s decision options and potentially putting his planning 

under fatal stress or at least degrading it significantly. 
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Fig. 8.1: CIS Secession Crisis from Star Wars Episode 2: Attack of the Clones 



 

186 

 

8.9.2 Internal Threats 

Arguably, the surest way of preserving liberal democratic freedoms is ensuring that all 

citizens have a stake in its transparent, accountable, and democratic decision making processes. 

However, the increasingly expert driven and international character of public decision making 

has increased the distance of citizens from their representatives and called into question the 

democratic character and legitimacy of increasingly complex public problem solving processes. 

Addressing some or all of the open questions above will open up many complex policy process 

subject matter domains to reengineering through a more precise declarative approach. This 

includes not just providing a practical means of quantifying and enhancing the legitimacy of 

more complex public health emergency management regimes than those addressed in chapter 

7. It also includes providing a practical means of quantifying and enhancing the legitimacy of 

any public policy making process in any public policy subject matter domain.  

One topical example, that we have already mentioned, is the quantification of the 

properties of the alternative decision making frameworks that have been proposed to finalize 

the Article 6 carbon trading rules of the Paris 2015 climate accord (Evans and Gabbattiss, 2019). 

Another topical example is the quantification of the properties of the alternative decision 

making frameworks that have been proposed in areas of limited or no statehood, that have 

resulted from various pre-emptive wars on terror (Börzel et al., 2018). In effect, both climate 

control and international security are just two examples of a growing list of policy issues, that 

would also include pandemic management, migration and cross-border taxation, that can no 

longer be addressed at nation state domestic scales. It will therefore become increasingly 

important to reengineer international decision making protocols so that they are more 

quantifiably and demonstrably legitimate and inclusive for an increasingly international 

citizenry. One international institution which has long experimented with a variety of complex 

decision making protocols, precisely in order to overcome the democratic deficit that 
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accompanies the increasing distance of citizens from centers of decision making, is the 

European Union (EU). In the following final section, we will therefore use the EU as a future 

case study candidate that would benefit not only from the open-source calculator proposed in 

section 8.2 but also the weighted constraints proposed in section 8.3 and the policy actor 

ontology proposed in section 5.2. 

8.9.2.1 The Democratic Deficit of the EU 

In a striking example of the process tracing technique Pol Morillas (2019) has 

painstakingly reconstructed the decision-making processes by which two separate EU Foreign, 

Security and External Action strategic visions were developed between 2003 and 2016. Based 

on 39 interviews between September 2015 and June 2017 with all the major EU and member 

State institutional players and several external expert advisors, these two natural language 

descriptions provide a perfect example of the input required for any successful declarative 

process modelling exercise. The EU strategic visions that Morillas describes are known 

respectively as the European Security Strategy (ESS) of 2003 and the European Union Global 

Strategy (EUGS) of 2016. The ESS has served, and the EUGS currently serves, as the 

overarching frames of reference guiding the development of the EU’s Common Security and 

Defense Policy (CSDP). Within the framework of a typical policy cycle comprising agenda 

setting, policy formation, policy output and policy implementation phases, these ESS and 

EUGS decision-making processes can therefore be considered to comprise the policy 

formulation phase. 

As Morillas concludes, what is striking about the conduct of the policy formulation 

phase of both the 2003 ESS and the 2016 EUGS was just how untransparent and extreme the 

democratic deficit of the respective policy decision making processes were. In both cases, long-

standing EU community methods of institutional oversight by working groups of the Council, 

Political and Security Committee (PSC) and the Permanent Representatives Committee 
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(COREPER) were side-stepped in the interests of decision-making efficiency. For example, 

interview respondents remarked on the evolution of the 2003 ESS that “member States did not 

know each other’s demands and that no one saw the full text until Solana presented it” (Morillas, 

2019, p. 116). There was also “deep anger” by the Commission over the overall conduct of the 

ESS exercise and their exclusion and lack of visibility of the process (Morillas, 2019, p. 116). 

Similarly, several interviewees recall the shock of the Brussels community when they realized 

that the consultation phase of the development of the 2016 EUGS was to be carried out through 

a questionnaire driven “POC” (point of contact) mechanism rather than via the more usual 

channels of the PSC or COREPER. In hindsight, several interview respondents noted that the 

POC mechanism served to ensure tight central control of the EUGS development process by 

the EEAS. Similarly, to the ESS process of more than a decade earlier, they also noted that the 

POC process institutionalized a lack of visibility on the complete text of the EUGS as it evolved 

by member States and other participants (Morillas, 2019, pp. 145-7).  

To be fair, balancing these criticisms, Morillas also noted that a key difference between 

the conduct of the 2016 EUGS and the 2003 ESS was a much greater involvement of civil 

society. Nathelie Tocci, for example, had come from a think tank and epistemic community 

background and her appointment as chief drafter ensured that a feature of the 2016 EUGS 

consultation process would be the scheduling of numerous outreach programs. This included 

not only consultation with other foreign powers, the UN and NATO but also stakeholders such 

as human rights NGOs, the defense industry, trades unions and religious bodies such as the 

Catholic Church and many others. Nevertheless, the later stages of the 2016 EUGS consultation 

process would still attract criticisms of a general lack of transparency, particularly from smaller 

member States who lacked the resources and access to alternative channels to promote their 

foreign and security policy interests. For example, the system of bilateral “confessionals” 

designed to elicit member State ‘red-lines’ in the final stages of the process were viewed by 
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some interviewees as a “smoke screen [by the EEAS] for keeping them away from the writing 

process” (Morillas, 2019, p. 149).  

 

8.9.2.1.1 Measuring EU ‘Throughput Legitimacy’ 

This question now arises. Can we derive a meaningful normative measure of the 

legitimacy of the decision making involved in the 2003 ESS and the 2013 EUGS? In other 

words, can we objectively compare each of these policy making processes against some 

normative criteria, or even make recommendations for change that would improve their 

legitimacy? One possibility is to leverage Vivien Schmidt’s concept of “throughput legitimacy” 

that she uses to capture a sense of the procedural legitimacy that is involved in the day to day 

conduct of the deliberative processes of government (Schmidt, 2012, Schmidt, 2013, Schmidt, 

2015). In Schmidt’s own words: 

“Throughput legitimacy is a procedural criterion concerned with the quality of 

governance processes, as judged by the accountability of the policy‐makers and the 

transparency, inclusiveness and openness of governance processes” (Schmidt and 

Wood, 2019, p. 728). 

By this definition a comprehensive measure of the throughput legitimacy of a 

governance or policy making process would involve at least four components of accountability, 

transparency, inclusiveness and openness. For the purposes of this example, we will address 

just the normative concept of transparency, but a similar approach will in principle work for 

the normative concepts of accountability, inclusiveness and openness as well. However, our 

concern is transparency so the focus here will be on weighting the activities in terms of their 

visibility by the process participants or resources. In other words, weighting in terms of the 

process participants knowledge of the individual activities comprising the process. We 

therefore only require two conceptual additions to the combinatorial diversity metric developed 

in Dukes and Casey (2021). Both concepts are extremely common in both the imperative and 
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declarative business process literatures but as we shall see they will require modification when 

applied to the public governance sphere. These are the concept of a role and the concept of a 

responsibility assignment matrix. Role theory has deep roots in the social sciences and the 

concept of a social role has subsequently found its way into the study of many corners of 

political science, international relations, business administration and also information 

technology. A role in the sociology literature is usually defined as a “position in a social system 

involving designated rights and obligations” (Merton, 1957, p. 110) and it is this definition that 

forms the basis of a persistent strand of Foreign Policy Analysis since the 1970’s (Thies and 

Breuning, 2012, Walker, 1987, Holsti, 1970). However, in the imperative business process 

literature, the roles are commonly defined in terms of a “responsibility assignment matrix” 

which specifies the rights and obligations that each process participant fulfills whilst enacting 

the individual activities comprising the process. Each actor can enact multiple roles. This 

responsibility assignment matrix is often called a RACI chart as an acronym of the first letters 

of the possible roles. These roles are: 

Responsible: People or stakeholders who do the work. They must complete the task or 

objective or make the decision. Several people can be jointly Responsible. 

Accountable: Person or stakeholder who is the "owner" of the work. He or she must 

sign off or approve when the task, objective or decision is complete. This person must make 

sure that responsibilities are assigned in the matrix for all related activities. Success requires 

that there is only one person Accountable, which means that "the buck stops there." 

Consulted: People or stakeholders who need to give input before the work can be done 

and signed-off on. These people are "in the loop" and active participants. 

Informed: People or stakeholders who need to be kept "in the picture." They need 

updates on progress or decisions, but they do not need to be formally consulted, nor do they 

contribute directly to the task or decision. 
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Although a 100% alignment between conceptual systems is generally not possible, 

RACI role assignments do capture most of the sense of Schmidt and Wood’s (2019) four 

dimensions of throughput legitimacy. I will therefore assume that transparency corresponds to 

RACI informed, accountability corresponds to RACI accountability, openness corresponds to 

RACI consulted and inclusive corresponds to RACI responsibility. However, the RACI concept 

is very flexible. Different role definitions are entirely possible and consequently many 

variations on the RACI concept have been proposed79. Some are more popular than others in 

different organizational domains. For example, PACSI includes the additional role of “control” 

which designates an actor’s right of veto over the conduct or outcome of an activity. DRACSI 

includes the additional roles of a “driver” that provides strategic input to the process and 

“support” that provides expert input to the process. 

It is beyond the scope of an open questions and future work chapter such as this to 

formally derive a transparency measure based on these ideas but intuitively it would be an 

extension of the combinatorial diversity measure developed in Dukes and Casey (2021, p. 7-

10) and would take the following form: 

 

𝑡ℎ𝑟𝑜𝑢𝑔ℎ𝑝𝑢𝑡_𝑙𝑒𝑔𝑖𝑡𝑖𝑚𝑎𝑐𝑦𝑇 =
ln(𝑣𝑎𝑙𝑖𝑑(𝐷𝑅𝐴𝐶𝐼𝑇))

ln(𝑣𝑎𝑙𝑖𝑑(𝐷))
 

 

If D is the set of valid traces σ meeting the constraint set of a declarative process, then 

𝐷𝑅𝐴𝐶𝐼𝑇 is the set of valid traces that have been weighted by the RACI roles Rj. that have been 

informed of activities Ai.This metric would run from 0 (zero transparency) to 1 (maximum 

transparency) and could be used to objectively compare the relative performance of two 

arbitrary policy making processes. It is an entirely different question if measures of 

 
79 Wikipedia lists 16 RACI variants. See Wikipedia (2019).  
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transparency, such as this, capture in any meaningful way some absolute measure of 

transparency or any other property of a declarative process. 

 

8.9.2.1.2 A Declarative 2003 ESS Model 

Based on the detailed process trace described in (Morillas, 2019, pp. 113-20) the policy 

formulation phase of the ESS of 2003 can be summarized as follows.  

 

(1) During a period of both EU disunity created by the US invasion of Iraq in March 

2003 and EU optimism regarding European integration with 10 new member States 

soon to join, an informal Council meeting is held on the Greek islands of Rhodes 

and Kastellorizo in May 2003. The 27 Foreign Ministers present80 task the EU High 

Representative (HR) Javier Solana with producing a “European strategic concept”. 

It is agreed that the community method and other cumbersome drafting by 

committee methods should be avoided. 

(2) Instead, Solana devises a highly personal drafting process, (3) sets up a task force 

formed selectively by members of the Policy Planning and Early Warning Unit 

(Policy Unit) and a few officials from the General Secretariat of the Council 

including the UK Director General of the DGE, Robert Cooper. (4) Solana himself 

takes the decision to appoint Robert Cooper as the main pen holder of the ESS (5) 

completing the activity of assembling the ESS drafting team. 

(6) Member State input into the drafting process proceeds from both membership of 

the Policy Unit within the task force and (8) bilateral coordination of member State 

capitals via the task force. No member State is allowed to see the complete draft as 

it evolves and only see partial texts relevant to the task force’s interpretation of 

 
80 Including the 10 EU accession member States (Morillas, 2019, p. 128). 
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member States’ national interests. Despite the European Commission also being a 

member of the Policy Unit, it is neither consulted nor is it part of the drafting process. 

(7) Reluctantly, the Commission agrees not to interfere in the drafting process after the 

intervention of the UK Commissioner for External Relations, Chris Patton. 

(9) An initial review draft of the ESS is (10) presented at the European Council of 

Thessaloniki of June 2003. The text is welcomed but is viewed as too much of a 

“personal exercise” by Solana to be endorsed or adopted. 

(11) Instead, Solana is given a further six months to revise the text in close 

cooperation with the member States, the Commission and external experts and 

instructed to use a less personal and more procedural process. 

(12) A series of seminars is organized by the EU Institute for Security Studies in 

Rome to provide an opportunity for external policy networks of experts and policy  

makers to provide inputs to the text. However, only excerpts from the draft is 

selectively distributed, and the seminars are widely regarded as a public diplomacy 

and outreach exercise rather than an opportunity for joint drafting. 

(13) Member States submit “fiches” or “non-papers” to the Policy Unit via regular 

diplomatic channels that signal specific input or “red-lines” disclosed at the June 

European Council. 

(14) Key member States, especially the big three of France, Germany and the United 

Kingdom find other channels to influence the drafting process. 

(15) At the end of the drafting process, the final text of the ESS is sent to the Council 

who (16) endorse it and forward it to the European Council for adoption. 

(17) At the sitting of 12-13 December 2003, the European Council finally adopts the 

European Security Strategy (ESS). The text is published as A Secure Europe in a 

Better World. European Security Strategy (European Council, 2003). 
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Fig. 8.2: Policy Formulation Phase of the 2003 ESS 
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8.9.2.1.3 A Declarative 2016 EUGS Model 

By contrast the Lisbon Treaty of 2009 introduced several institutional innovations in 

the conduct of the EU’s CSDP. For example, the role of ex officio EU Foreign Minister, i.e., 

the High Representative (HR) appointed by the European Council, was combined with the role 

of Vice President (VP) of the Commission. The resulting dual hatted role of HR/VP enjoyed 

considerable rights of initiative concerning external action and was now assisted by the 

European External Action Service (EEAS) constituted in 2010. In addition, there had been a 

protracted period of global uncertainty since the 2003 ESS, including the financial crisis of 

2008, the rise of the BRICS, the reassertion of Russian military power, the Arab Spring and the 

migration crisis. This lead to calls for greater EU policy coherence and a comprehensive 

approach across to the full range of civil-military instruments available to the prosecution of 

common external action and foreign policy. Based on the detailed process trace described in 

(Morillas, 2019, pp. 140-53) the policy formulation phase of the EUGS of 2016 that revised 

the ESS of 2003 can be summarized as follows.  

 

(1) In November 2014, Frederica Mogherini, a new HR/VP with a track-record of 

security and defense policy entrepreneurship is appointed. She broadens the scope 

of the EEAS assessment presented to the European Council in June 2016 to include 

development cooperation, humanitarian aid, energy, neighborhood, trade and other 

Commission driven policies. 

(2) Subsequently, the HR/VP is empowered to (3) develop a new joined up, 

comprehensive and global approach to EU security and defense policy across the 

full range of civil-military instruments. 

(4) The new strategy is to include input from both the European Council in terms of 

traditional intergovernmental security and defense policy and also from the 

Commission in terms of innovations in supranational external action policy. 
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(5) Early on the principle is established that the policy formulation process would avoid 

the drafting by committee approach of the European Community method that 

depended on extensive consultation via bodies such as the PSC or COREPER  

(6) The principle is also established that there will be wide public consultation with the 

think tanks, NGO and epistemic communities both within the EU and outside the 

EU. 

(7) Nathalie Tocci, with wide experience in the think tank community and EU external 

action matters is appointed as an external and institutionally neutral primary 

penholder. 

(8) Mogherini and Tocci agree the skeleton outline of the future strategy. 

(9) A highly centralized tri-track policy formation process is introduced whereby the 

EEAS coordinates negotiations between the member States, the Commission and 

the external epistemic community. Its objective is to avoid both “lowest common 

denominator” and “Christmas tree” outcomes that had so often characterized inter-

governmental member State negotiations in the past. 

(10) In an unorthodox first track of consultation departing from typical Community 

methods, the EEAS appoints member State single points of contact (POCs). (11) 

Questionnaires are prepared to structure (12) meetings with the POC’s that are 

controlled by the EEAS and held at the EEAS premises. 

(13) Non-papers, not structured around the questionnaires that are submitted by 

member States or groups of member States to the EEAS, are rejected. 

(14) Any member State red lines that are identified by the questionnaires are 

removed by the drafting team from the (15) early EUGS drafts. 
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(16) Large member States are allowed early opportunities for review of the evolving 

EUGS draft, but smaller member States only have visibility of fragments of the text 

that are judged by the EEAS to be relevant to their interests. 

(17) In a second track, a system of wide consultation with EU epistemic communities 

and policy networks is introduced. This includes consultation with NGOs, think 

tanks, universities, and experts. 

(18) At the same time, similar presentations, and consultations of the EUGS is 

conducted in non-European countries such as the United States, Japan, Brazil, 

Norway, Georgia, Serbia and Australia and non-EU institutions such as the UN and 

NATO. 

(19) In a parallel third track, the EEAS prepares several questionnaires to structure 

(20) consultation meetings between the EEAS and the Commission that are held at 

the EEAS premises. (21) The Commission sets up an internal task force to 

coordinate its response to the EEAS questionnaires. 
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Fig. 8.3: Policy Formulation Phase of the 2016 EUGS 
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(22) The final draft is amended in a system of (23) bilateral “confessionals” designed 

to identify any additional red lines. Member States meet with the EEAS alone or in 

groups but not in a EU28 format. In addition, (24) the Commission prepares a joint 

contribution of all DGs under the coordination of its General Secretariat but without 

the approval of the College of Commissioners. 

(25) The full text of the EUGS is circulated for the first time to all member States 

three days before its presentation by the HR/VP at the European Council of 28-29 

June 2016. The presentation is welcomed by the European Council, but it is not 

formally adopted. 

 

8.9.2.1.4 Measurement 

These structured text descriptions of the 2003 ESS and the 2016 EUGS can be 

represented graphically in the DECLARE tool as in Figs. 8.1 & 8.2 respectively. The meaning 

of the components of the DECLARE graphs have already been described in in section 6.1.1. 

However, just by inspection these are clearly two very different processes, approximately a 

decade apart, that nevertheless had the same objective of laying out an agreed EU security and 

defense vision. In order to quantify the differences in transparency between the two processes 

it will be necessary to use the calculator proposed in section 8.2 to count valid trace samples 

which can then be used to populate the metric proposed in section 8.10.1. 
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9 Conclusion 

Within the public policy process discipline there have been no serious challengers to 

the dominant MSF, ACF, and PET theories that emerged more than a quarter of a century ago. 

Early on in chapter 1 we have already noted Peter John’s disquiet that there have been so few 

significant innovations in the theory of the public policy process since the 1990’s (John, 2018, 

p. 4). Arguably, though, on the cusp of the Great Crash of 2008, Kenneth Meier said it better:  

 

“The policy field could greatly benefit by some serious thinking about policy theory of a 

different sort. . . . If we lack the motivation to undertake this task, the field will continue to 

make incremental adjustments to existing theories. That essentially means in the long run that 

the policy theories that are likely to become more dominant will do so not because they have 

demonstrated their superiority to other theories, but rather because advocates of a given policy 

theory have simply more smart graduate students than their competitors.” (Meier, 2009, p. 10) 

 

9.1 The Fourth Industrial Revolution 

Notwithstanding Meier’s remarks, a much more important driver for a reinvigoration 

of the public policy process theory field must surely be the fundamentally altered policy 

landscape that contemporary public policy process theory must now address. One glaringly 

obvious point is that the world is a very different place from the one that forged the now 

dominant policy process theories of the mid 1980’s to the mid 1990’s. But how different? Some, 

for example, characterize the now distant world from which sprang the MSF, ACF, and PET as 

the 3rd Industrial Revolution (3IR).  

 
“The third industrial revolution began in the 1960s. It is usually called the computer or digital 

revolution because it was catalyzed by the development of semiconductors, mainframe 

computing (1960s), personal computing (1970s and 80s) and the internet (1990s).” (Schwab, 

2016, p. 11) 
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From this perspective the subsequent, pace of technological change that has accompanied a 

period of hyper-globalization (Rodrik, 2012, p. 23, Subramanian and Kessler, 2013, Krugman, 

2019, pp. 2-6) has been so rapid that we are now standing on the brink of a very different 4th 

Industrial Revolution (4IR): 

 
“[The fourth industrial revolution] began at the turn of [the 21st] century and builds on the 

digital revolution. . . [It is characterized by the] confluence of emerging technology 

breakthroughs, covering wide-ranging fields such as artificial intelligence (AI), robotics, the 

internet of things (IoT), autonomous vehicles, 3D printing, nanotechnology, biotechnology, 

materials science, energy storage and quantum computing.” (Schwab, 2016, pp. 7, 12) 

 

Building on these ideas, West and Allen (2020) see a major turning point in the policy landscape 

and draw a very stark conclusion from their survey of new sorts of policy making in the era of 

artificial intelligence: 

 

“It is important to rethink governance in a digital world. We need new processes for making 

decisions, new institutions that govern societal practices, and new policies to address the 

adverse ramifications of digital technology. Old approaches need to give way to novel ways of 

making decisions and creative procedures for resolving social, economic, and political 

conflicts.” (West and Allen, 2020, p. 191) 

 

Indeed, standing on the brink of such a fundamentally re-shaped 4IR policy 

environment, it is difficult to argue that legacy 3IR modes of civic organization and public 

decision making have not already come under great strain. A growing litany of policy issues, 

for example the Covid-19 pandemic addressed in the case study chapter 7, are simply defying 

policy resolution at familiar national scales. Other prominent examples include the Great Crash 

of 2008, Brexit, and the ongoing EU migration and Global climate control crises (Hodgson, 

2021, pp. vi-vii). As a result, a widespread re-assessment of the policy content challenges of 
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4IR, or what Lasswell  (1951, p. 3) called knowledge in policy has now been underway for 

more than a decade. Anat Admati and Martin Hellwig (2013) advocate a radical policy mix of 

banking reforms. Mariana Mazzucato (2013) has written extensively on the central role of the 

State in innovation policy. More recently, Joseph Stiglitz (2016, 2020) has been blistering in 

his critique of supply-side economic policy orthodoxy. Whilst Blanchard and Rodrik (2021) 

and Chancel and Piketty (2021) have been equally forthright on the necessity for new policy 

approaches to tackle historic levels of inequality.   

The perspective of this dissertation is different again. It has been precisely with the 

intention of providing a more systematic approach to the design of better policy making 

processes and organizations, or what Lasswell  (1951, p. 3) called knowledge of the mechanics 

of the policy making process that this thesis was developed. So, as I draw the dissertation to a 

close, the question arises, how well did I satisfy that objective? How can the key findings of 

this thesis help to design better policy making and organizational structures to address the 

challenges of the 4th Industrial Revolution? As by far the easiest way of addressing that question 

is by answering in turn the seven questions with which the dissertation opened, that is what I 

will do next. 

9.2 Taking Stock 

In the introduction I presented seven questions to cast a light upon the, at times difficult, 

pathway that this dissertation would have to take. At its journey’s end it is time to take stock. 

How well did this dissertation answer the questions that guided it?  

1. Can the public policy process be modelled formally as a process graph? 

The answer to this question is a qualified yes. A major obstacle to progress is the 

availability of source materials written in a suitably structured and consistent way. There is 

always the risk that garbage in source text will produce garbage out process models. Source 

https://www.project-syndicate.org/columnist/anat-admati
https://www.project-syndicate.org/columnist/mariana-mazzucato


9. Conclusion 

203 

 

texts can also differ quite markedly depending on the part of the policy cycle that they are 

describing. Source texts describing the implementation phase, for example, are often much 

more formally structured in terms of concepts and definitions than those describing the agenda 

setting phase that are often written in a much more anecdotal and descriptive way. In principle, 

the application of existing techniques of process tracing could provide more consistently 

structured source texts that could be used as inputs into process modelling exercises. However, 

it is not the purpose of presently defined process tracing methods to identify and define process 

components in sufficient detail for the needs of a subsequent phase of process modelling. 

Consequently, there is much basic methods research required to establish robust and repeatable 

handovers between those working on less structured descriptive policy process analysis and 

those working on more structured policy process modelling. 

2. Is the imperative or declarative process modelling paradigm more appropriate to the 

analysis of the public policy process? 

The answer to this question is unequivocally that a declarative rather than an imperative 

approach is most appropriate for the analysis of the public policy process. It is simply not 

credible that the combinatorial complexity of even the simplest public policy process can be 

modelled imperatively. The sheer volume of alternative process paths quickly makes the 

resulting graphs unreadable. Instead, it makes much more sense to use declarative process 

notations instead. As only the constraints on the activities which must or must not be performed 

are modelled, this leads to much more compact process models. Only a declarative process 

model can encode in a readable fashion all the process and decision paths available in a process 

as complex as the policy process. Nevertheless, it is an open question as to which declarative 

process notation should be used. This dissertation used DECLARE, largely for reasons of 

simplicity and ease of use but there are many other options such as CMMN or DCR Graphs 
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which may ultimately prove more appropriate There is even the possibility that a specialist 

declarative process notation that addresses more directly the needs of policy process research 

could be developed. 

3. Why is the public policy process not modelled formally as a process graph? 

There are technical obstacles in that a public policy process is much more complex than 

either the business or natural processes that are normally modelled using process science tools. 

However, by far the most important reason is the independent path that process analysis took 

within the policy process field and political science more generally. Although Lasswell 

encouraged an inter-disciplinary approach to both the content and the form of policy making 

in the post-war period, only policy content analysis took on a truly interdisciplinary character. 

The analysis of the form of policy making in terms of organizational structures and policy 

making processes did not forge inter-disciplinary links with the process science being co-

evolved in parallel by information science and business administration. There were exceptions. 

The garbage can, for example, started life as a FORTRAN computer simulation and lent itself 

well to successive reformulations in terms of other computer languages and frameworks such 

as petri-nets and ABM. However, in general, policy process theory evolved quite independently 

of process science with no culture of inter-disciplinary collaboration or cross-citation of each 

other’s literatures. In the absence of such inter-disciplinary links, policy process theory has not 

been able to evolve past crude block diagrams (e.g., ACF) or equally crude swim-lane diagrams 

(e.g., MSF). 

4. What are the gaps in process science that do not address the concerns of the policy process 

research agenda? 
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Process science is a work in progress so there are many gaps in its research agenda 

which may or may not be considered important to the policy process research agenda. I will 

highlight just three of the most prominent gaps that are of particular importance to the policy 

process research agenda 

a) Normative metrics. Only instrumental metrics of cost and efficiency are available 

to measure the properties of imperative processes. Very few instrumental metrics 

are available to measure the properties of declarative processes. No normative 

metrics, for example of transparency, accountability or legitimacy are currently 

available to measure the properties of declarative processes at all. These will need 

to be developed along the lines described in section 8.10.1. 

b) Alternatives to rational choice. Models of the social actor are generally assumed to 

be rational and utility maximizing within process science. In order to model 

important parts of the highly politicized policy cycle, such as agenda setting, 

however, models of the social actor will have to include deontic or argumentative 

reasoners as described in sections 5.2.2, 5.2.3 and 5.2.4. Process science needs to 

make it possible for policy process research theorists to model actors much more 

realistically in politicized contexts than rational choice currently allows. 

c) Process mining. A large part of the process science research field is now involved 

in process mining. Although this focus has succeeded in making business process 

analysis an empirical study it has little relevance for policy process analysis. Process 

mining relies on the availability of decades of computer log files generated by 

corporate ERP systems. However, important policy making episodes exhibit only 

low levels of computer automations. What is required instead are methods that 

allow the process mining of the minutes of policy making episodes which may or 

may not be available in electronic form. 
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5. What are the benefits of modelling the public policy process formally as a process graph? 

The most important benefit is that the discipline of policy process theory can be 

positioned within the much broader inter-disciplinary framework of process science. It is 

precisely this positioning that holds out the prospect of connecting policy process analysis with 

the tools and results of decades of process research in the much more mature fields of 

information science, business administration and many natural sciences. Neither does this inter-

disciplinary positioning confer benefits only to the discipline o policy process analysis. 

Information science currently lacks a fully worked out normative dimension and this is holding 

up progress in a range of technologies from self-driving cars, autonomous weapons systems, 

and the future internet. Not only will policy process theory greatly benefit from the formalism 

and conceptual clarity of information science. Information science will in turn benefit from the 

normative insights of policy process theory. I address this point in more detail in section 9.3. 

Just as important a benefit and a consequence of the positioning of an algorithmic 

theory within the framework of process science is the potential for quantification, modelling, 

and testability. In a very compact form, a declarative process model can encode the many 

millions of decision paths that are the hallmark of complex governance processes like the 

policy making process. As alternative models can be objectively measured against normative 

criteria such as legitimacy, transparency, and accountability, it is then in principle possible to 

assess the relative problem solving capacity of contentious public decision making proposals 

against both instrumental and normative criteria. 

6. Can a system of public policy process metrics be constructed to quantify the properties of 

any public policy process so that they can be objectively compared? 

Yes. Process graphs consist of nodes, ties and additional symbols such as decision gates. 

As such, in a similar way as is routinely done with SNA graphs, relative proportions of those 
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nodes, ties and additional symbols can be counted. In this way, metrics can be constructed that 

represent different properties of those process graphs. However, as already mentioned in 

answer to 4a above, the difficulty of this task should not be underestimated. Currently, several 

metrics have been developed from within the process science literature to measure the 

properties of imperative processes. These are briefly referred to in section 6.3. However, very 

few metrics currently exist for measurement of the properties of declarative graphs and none 

of them are normative in character. Although the various cost-and efficiency-based metrics that 

already exist are of obvious interest to the discipline of public administration they are 

nevertheless unnecessarily limiting and do not address more normative concerns such as 

resilience, legitimacy, transparency, and accountability. These normative properties are not 

only core to the study of public administration but also core to the study of political science 

and social science more generally. Various metrics are developed in chapter 7 to illustrate how 

two or more declarative process models can be objectively compared. These metrics measure 

the relative performance of semi-official recommendations for the improvement of Wuhan 

municipality response to future post Covid-19 pandemic threats.  

7. Is the public policy process an algorithm in either the imperative or declarative sense? 

The public policy process can be considered an algorithm in the declarative sense. The 

main thrust of the thesis presented here is that the policy process is far too complex to be 

represented with imperative process science notations. As such the policy process cannot be 

considered an algorithm in the imperative Böhm and Jacopini sense. However, there are many 

precedents, especially from the rules based institutionalist literature that complex social 

processes, such as the policy making process, can also be described in terms of the constraints 

or institutional rules that the social process must satisfy. Consequently, borrowing techniques 

from information science, this thesis has made the case that a policy process, however complex, 
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can be represented very compactly in terms of a rules based declarative process graph. 

Although by the laws of combinatorics the possible process paths or ‘solutions’ that satisfy a 

declarative constraint set can be very large indeed, the declarative process can nevertheless be 

effectively solved. In this sense the policy process, represented as a declarative graph, can 

therefore be considered an algorithm in the declarative Kowalski sense. 

9.3 Consequences of Divergence 

This dissertation did not just address the questions raised in section 9.2. Indirectly, the 

dissertation’s strong interdisciplinary focus also exposed the almost completely independent 

evolution of process science and policy process theory. Interdisciplinary collaborations have 

been extremely rare and this has led to many unfortunate consequences. In chapter 1, for 

example, we noted the handful of attempts to formalize the policy process theory garbage can 

in terms of process science petri-nets (Heitsch et al., 2000, Kaneda and Hattori, 2006). It is also 

worth noting, the equally rare attempts of computer science sub-disciplines related to process 

science, such as agent-based modelling (ABM), to integrate other dominant policy process 

theories including the MSF and the ACF. (cf. Melchior et al., 2020, pp. 385-86). 

In general, it has to be concluded that this theoretical divergence has been to the 

detriment of both research traditions. Policy process theory would have greatly benefited from 

the formalism and conceptual clarity of information science. Information science would have 

equally benefited from the normative insights of policy process theory. Unfortunately, the rarity 

of the interdisciplinary collisions that have occurred has usually only resulted in mutual 

puzzlement and a lack of interdisciplinary comprehension. A good example, from within the 

information science tradition, is Melchior et al.’s remarks when investigating the potential 

application of ABM techniques to policy process research: 
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“the [MSF] model seems to be rather simplistic. . . . it lacks a great deal of formalization, 

as neither the problem, policy and politics are well defined” (Melchior et al., 2020, p. 

385).  

 

However, because of a general lack of collaboration and cross-citing of the information 

science and policy process theory literatures, these information science researchers seem to be 

unaware that their comments are mirrored almost exactly by the MSF theorists that they 

criticise. As we have already noted in section 4.6, the MSF theorists themselves are calling for 

a “mechanistic turn” that would be able to identify “a specific configuration of elements that is 

capable of producing a specific process (or behaviour) in a specific context” (Capano et al., 

2019b, p. 4). In turn though, and for much the same reasons, the MSF theorists seem to be 

unaware of the decades long foundational research within process science and ABM that are 

pre-requisites for a meaningful “mechanistic turn” within policy process theory. Indeed, much 

of what goes for policy process theory is often just an initial conceptual starting point that cries 

out to be taken forward with information science formalism. Of course, the problem is that 

policy process theorists, from within the disciplinary boundaries of contemporary political 

science, simply lack the skill-set to do this. The prospects for any meaningful mechanistic or 

even any meaningful “declarative process” turn from within the boundaries of political science 

would seem to be rather remote. Inter-disciplinary collaboration between information science 

and policy process theory is surely going to be necessary. 

Nonetheless, the consequences to both research traditions have often been much more 

serious than mutual incomprehension and an inability to leverage the results of each other’s 

literatures. This would be a very large topic indeed so by way of closing I will limit myself to 

just two examples, one each from the perspective of information science and one from the 

perspective of political science. From the perspective of information science, Frank and 

Virginia Dignum, two of the world’s most prominent MAS researchers have recently reported 
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on the relative decline of this once most promising information science research area. They put 

this down to many factors but interestingly one of the most important they believe to be an 

inability to develop an agreed alternative to the rational choice paradigm within the MAS 

research community: 

 
“Rationality is not enough to model human behaviour . . . but derives from a complex mix of 

mental, physical, emotional and social aspects. . . Thus, it is impossible to ‘rationally’ optimize 

utility, as the utility function is not completely known, neither are the optimization criteria 

known. This renders rational choice approaches unable to accurately model and predict a wide 

range of human behaviours.” (Dignum and Dignum, 2020, p. 1702) 

 

There are of course many reasons why a research program may go into decline and 

Frank and Virginia Dignum catalogue several of them. However, unlike micro-economics, 

alternative agent behaviors to rational choice have always been hotly debated both within 

political science and also policy process theory. Consequently, both MAS research and other 

closely related research areas such as Normative Electronic Institutions (NEI) would greatly 

benefit by a more systematic collaboration with policy process theory research and political 

science research more generally. There are of course no guarantees, but such a collaboration 

may well contribute to a reinvigoration of this field and to a reverse of its present decline. At 

present, it is difficult to escape the conclusion that process science and related sub-disciplines 

within information science such as ABM, tend to view the results they may come across in 

political science or the policy process research tradition as somehow fully formed and lacking 

in controversy. The temptation is then to regard those theories that are the most formally 

advanced (from an information scientist’s perspective) as also the best agreed (from a policy 

process theorist’s perspective). Rational choice is a case in point. It has always been 

controversial within most social sciences, even within economics itself. 
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Finally, I will provide an example of the consequences of divergent research paths from 

the perspective of political science. Namely, the consequences of the divergent evolution of the 

concept of the division of labor within political economy and process science. This example 

has already been covered in much more detail in section 2.3 but as the consequences have run 

so deep it is worth repeating in summary form in this conclusion. A shared vocabulary and 

conceptual framework once ensured that major political economists and social theorists could 

continue a dialogue on either side of the division of labor debate from the Victorian age until 

well into the 1990’s. One side of the debate had always been that the division of labor provided 

undoubted productivity benefits. The other side of the debate had always been that, if 

unregulated, the division of labor would lead to exploitation and damaging social effects. 

However, by the early 1990’s process science had evolved a distinct vocabulary and set of 

concepts with which it had completely re-framed this old division of labor debate. 

Arguably, it was process science’s evolution of a new conceptual framework that 

replaced the pre-Victorian concept of the division of labor with post-industrial concepts such 

as business process re-engineering that had made the unprecedented globalization of the word’s 

workforce and economy commencing in the 1990’s possible. Operationally at least, there is a 

case for arguing that globalization was rolled out one business process map at a time. 

Nevertheless, journals such as New Political Economy, established in 1996, through successive 

waves of corporate downsizing, outsourcing, offshoring, rightsizing and robotics, to the 

introduction of advanced AI’s in the 2020’s have continued to address the social effects of 

globalization in terms of the older concept of the division of labor rather than newer concepts 

such as business process re-engineering or workflow management. Consequently, there has 

been a much less effective foil to the more damaging social effects of an extraordinary period 

of globalization than might otherwise have been the case. Mainstream economists, such as Paul 

Krugman, also did not appreciate the scale of the hyper-globalization that process science’s 
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reconceptualization of the division of labor was enabling (Krugman, 2019). In that sense, we 

all live with the consequences today that a consensus was allowed to go forward, with no 

meaningful challenge, that the effects of an unprecedented globalization of the division of labor 

were not the “principal cause of . . . labor market problems” (Krugman et al., 1995, p. 361). 

9.4 Benefits & Future Promise 

The key benefits of the approach have already been addressed in section 5.3.5 and again 

in the answer to question 5 in section 9.2. However, these benefits imply there are several areas 

of future research promise, the most prominent of which I will briefly address here. 

Arguably the most promising research area is the re-engineering of international 

institutions and decision making in order to reduce their inherent democratic deficits. 

Ultimately, this need will be driven by a fast growing list of public policy problems that defy 

solution at national scales. A far from exhaustive list would have to include climate control, 

security and defense, pandemic management and cross-border taxation. It will therefore 

become increasingly important to reengineer international decision making protocols so that 

they are more quantifiably and demonstrably legitimate and inclusive for an increasingly 

international citizenry. Indeed, mirroring John Dewey’s clarion call in the 1920’s to address the 

challenges faced in his time by the (American) Public and its Problems (Dewey, 1927), John 

Narayan makes the case that it is high time to address the challenges of our time faced by the 

Global Public and its Problems (Narayan, 2016). What unites Dewey and Narayan over a 

distance of almost 90 years is a conviction that it is the institutions of liberal democracy that 

provide the most efficient public problem solving framework and the best safeguard of the 

public interest. Nevertheless, it will be very challenging to engineer the transparent and 

accountable international institutions that will be required to address the global challenges we 

now face. I make the claim that a declarative analysis, similar to the one described in section 

8.10 is the best way to reduce the democratic deficit otherwise inherent in the more complex 
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international institutions which by definition will be operating .at such a distance from the new 

international citizenry that they must serve. 

However, there are many other promising areas of future research. The declarative 

modeling approach could be extended into almost any public policy domain of interest where 

the objective is to reengineer the public decision making processes involved. Not only can the 

public health policy making processes addressed in the case study chapter 7 be subjected to a 

declarative analysis but so too can the decision processes involved in numerous policy domains 

including, but not limited by, security and defense, emergency response, climate change, cross 

border taxation, and regulation and compliance. In addition, the static elements of the 

declarative modelling approach presented here would also benefit by convergence with the 

dynamic approaches of agent-based modelling (ABM) computer simulation. There is also 

scope for much field work to support the empirical verification of some of the more theoretical 

elements of the declarative modelling approach presented here. For example, decision forks in 

different policy domains may well behave differently and may need to weighted accordingly. 

Finally, there is even scope for international standards participation by the public policy 

research and practitioner community to ensure that, for example, CMMN and other evolving 

declarative standards incorporate the requirements of the public policy and public 

administration research agenda. 

9.5 Major Limitations 

By far the most significant limitation is the absence of a declarative process calculator 

that could measure the properties of declarative process models. Many of the thesis design 

choices were a simple consequence of the practicalities of making lengthy calculations by hand 

in the absence of a calculator. For example, an earlier version of this thesis had been designed 

around EU security and defense policy making rather than Chinese public health. Unfortunately, 

in the absence of a calculator, the necessary manual security and defense calculations simply 
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could not be scheduled in any reasonable time. Instead, the thesis was re-designed around the 

Covid-19 public health case study where the necessary manual calculations were already 

available. The uncalculated EU security and defense models did however find their way into 

section 8.9 as part of a proposed program of future research that can improve the quality of 

security and defense policy making during a period where liberal democratic freedoms have 

come under increasing attack both at home and abroad. 

Constructing a calculator, perhaps along the lines described in section 8.2 will 

undoubtedly be very challenging. As we have seen, even the simplest of declarative models 

may encode tens of millions of decision paths. More complex, more realistic models that 

assume alternative behaviors to rational choice by policy making actors will undoubtedly 

encode orders of magnitude more decision paths. A missing, argumentative, as opposed to a 

utility maximizing, model of the actor in the available toolsets has therefore also been a major 

limitation of this dissertation. Alternative models of policy making actors, similar to the one 

proposed in section 5.2.4 will be required to quantify any genuinely normative properties of 

declarative processes and should be the primary focus of public policy process research and 

the discipline of political science more generally. However, although the business and rational 

choice focus of current declarative process modelling tools is certainly a major limitation, this 

does not mean that any useful contributions to public policy process analysis cannot be made 

with these tools. 

9.6 Main Contributions 

In order to orient ourselves I already laid out several of the major contributions of the 

dissertation in the Introduction in section 1.7. Nevertheless, it is worth repeating that an 

important contribution is the dissertation’s extension of the line of reasoning found in the long 

tradition of problem-solving theorizations of the State (Dewey, 1927, Lasswell, 1951, Heclo, 

1974, Chisholm, 1995, Scharpf, 2003, Turnbull, 2006, Hoppe, 2011, Lodge and Wegrich, 2014, 
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Thomann et al., 2019). It is also worth repeating that the dissertation has taken several further 

steps and theorizes that the public policy process is an algorithm whose purpose is the 

generation of solutions to public goods allocation problems.  

However, from the hindsight of this concluding chapter I believe that the main 

contribution is somewhat different. It is often forgotten just how young the modern discipline 

of political science is. Arguably it can be dated to the foundation of the American Political 

Science Association (APSA) in 1903. In the subsequent 120 years or so, the search by the 

modern discipline of political science for a unifying paradigm has led to recurring crises of 

identity. On the one hand, there have been frequent humanist challenges to an exclusively 

scientistic approach. Prominent examples include the Perestroika movement of the 2000’s and 

the post-behavioralist Caucus for a New Political Science of the 1960s (Gunnell, 2015, p. 410). 

On the other hand, throughout much of the inter-War period, the New Science of Politics 

movement, initiated by Charles Merriam in 1923, struggled in the opposite direction to 

differentiate an emerging quantitative approach from the then prevailing historical method 

(Farr, 2007, p. 92). No unifying paradigm has ever been found.   

For some, the only escape from the charge that political science is still, in a Kuhnian 

sense, pre-paradigmatic, is that it must instead embrace its essentially post-paradigmatic, 

multi-method character (Schram, 2006). Others favor the more nihilistic option that instead, 

political science must address its essentially non-paridigmatic character (Flyvbjerg, 2004, p. 

396). I, on the other hand, do not believe that political science is either pre, post or non-

paradigmatic. Neither do I believe that there is a logical contradiction in seeking to quantify 

the normative dimensions of the policy making process and political processes more generally. 

However, I also do not believe that the most appropriate quantitative paradigm for political 

science is the scientific method but instead believe that the very different computational 

paradigm being pioneered in information science is more appropriate (cf. Denning and 
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Rosenbloom, 2009). Consequently, I believe that proposing a way forward for the 

quantification of the normative dimensions studied in political science via the computational 

thinking paradigm of information science is the most important contribution of this dissertation. 

In the final section 9.7 we will explore what I mean by this and what the consequences of this 

linking of the discipline of political science with the discipline of information science might 

be.  

9.7 A Stone for the Knife 

I had expected in this concluding section to be making some pithy summary that would 

give closure and a warm glow of success to the key findings of this dissertation. Of course, 

what I learnt, like all the researchers who have gone before me, is that any worthwhile scientific 

research is nothing like that at all. Quite the opposite. Worthwhile scientific research will 

inevitably end in failure with far more questions than when it commenced. Often the new 

questions that arise are also quite unexpected and of an entirely different character to those that 

inspired the original research. In the case of this dissertation, the key question that arises, 

therefore, is not one of the “open questions” laid out in chapter 8. The purpose of those 

questions is simply to map out some possible lines of enquiry that would further a research 

agenda into the algorithmic properties of the public policy process. Rather, in addition to the 

open questions of chapter 8, an entirely new set of questions and an entirely new research 

agenda has arisen quite unexpectedly out of the struggle with the questions that opened this 

dissertation. This would be incomprehensible to Lasswell, and a good many contemporary 

social scientists I rather suspect as well, but I will ask the question anyway. Is information 

science a social science?81  

 
81  Luciano Floridi (2002) suggests that library and information science are applied topics of the 

philosophy of information. I make the related proposal that significant parts of theoretical social science are now 

applied information science. That is, the relationship between information science and social science is now going 

far beyond information science providing useful tools to support quantitative analysis within social science. 
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One consequence of the strong interdisciplinary content of the thesis has been a 

requirement to engage with the computer science literature above and beyond the usual 

methodological assessments of the relevance of this or that measurement or quantification tool. 

What I found, quite unexpectedly, was a vibrant research community that was addressing topics 

normally thought to be the preserve of the social sciences. A good example is the conference 

proceedings published annually, since 2006, under the acronym COINE82 (cf. COIN 2017 and 

COINE 2020, 2021). COINE is an acronym for Coordination, Organizations, Institutions, 

Norms, and Ethics for governance of Multi-Agent Systems (MAS). As a MAS can be 

considered to be an artificial society of autonomous computer systems (or AI’s), it is not much 

of a stretch to accept that COINE, and other similar information science initiatives, are now 

addressing social phenomena usually thought to be the monopoly of the humanities. The reason 

information science is doing this is that the engineering of an advanced MAS raises essentially 

the same normative issues of societal organization, trust and ethical behavior that have 

preoccupied the political imagination of the humanities since antiquity.83 

Early on in the evolution of this COINE literature, for example, Virginia Dignum84 

had already concluded that: 

 
“As systems grow to include hundreds or thousands of agents, there is a need to move from an 

agent-centric view of coordination and control to an organization-centric one to cope with the 

complexity of interaction in an environment. The view of coordination and control central to 

MAS needs to be expanded to enable a societal-centric focus.” (Dignum, 2009, p. xxii) 

 

In fact, this literature has been addressing the formal semantics and dynamics of 

artificial organizations by building on the qualitative findings of classic social science texts 

 
82 COINE is a 2020 evolution of the COIN workshops that ran from 2006 to 2017. 
83 “Horizon Europe”, for example, the EU’s key research and innovation funding programme until 2027 

has put both human centered Trustworthy AI and a human centered Internet of Trust at the center of its new Digital, 

Industry and Space Work Programme (European Commission, 2021b, pp. 361-435). 
84 Like the Gilbreths before them, Frank and Virginia Dignum are also a husband-and-wife team. 
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from its beginnings. In the case of Dignum’s (2009, p. xx) edited volume, for example, special 

attention was drawn to the inspiration provided by March and Simon’s (1958) seminal text on 

human organizations of more than fifty years earlier.85 

This literature has evolved rapidly and almost twenty years after her initial observations 

and almost seventy years after the original organizational work of March and Simon, Dignum 

was asking the questions: 

 
“As AI systems (e.g. robots, chatbots, avatars and other intelligent agents) are moving from 

being perceived as a tool to being perceived as autonomous agents and team-mates, an 

important focus of research and development is understanding the ethical impact of these 

systems. What does it mean for an AI system to make a decision? What are the moral, societal 

and legal consequences of their actions and decisions? Can an AI system be held accountable 

for its actions? How can these systems be controlled once their learning capabilities bring them 

into states that are possibly only remotely linked to their initial, designed, setup? Should such 

autonomous innovation in commercial systems even be allowed, and how should use and 

development be regulated?” (Dignum, 2018, p. 1) 

 

Interestingly, this literature is developing a quantitative and yet normative model of the 

semantics and behaviors of social actors that is quite distinct from the utility maximizing model 

of rational actors that is usually seen in the micro-economics literature. The reason is that utility 

maximization is unhelpful when engineering systems that must sanction in real time the 

undesirable behaviors of viruses within an artificial society or adapt in real time to the moral 

dilemmas faced by autonomous self-driving vehicles or battle drones. As Dignum notes, 

“sociality-based agents are . . . fundamental to the new generations of intelligent devices” 

 
85 The connection between information science and social science runs very deep. Within the social 

sciences Simon is primarily known for his theory of bounded rationality for which he was awarded the 1978 Nobel 

Prize in Economic Sciences. However, in 1975 he also won The Association for Computing Machinery (ACM) 

Turing Award for basic contributions to artificial intelligence, the psychology of human cognition, and list 

processing. 



9. Conclusion 

219 

 

(Dignum, 2017, p. 34). Indeed, for the moment it is Intel that is leading the charge to encode 

Kantian reasoners on a new generation of computer chips (Shalev-Shwartz et al., 2017, Intellias, 

2020, Mobileye, 2021). Neither is this new normative focus confined to the research labs of 

information science academia or large corporate IT. The public paymasters of information 

science are involved as well. For example, in April 2019 the European Commission published 

its Ethics Guidelines for Trustworthy AI (European Commission, 2019b) and on February 25, 

2020, the US Department of Defense accepted a similar set of guidelines from the Defense 

Innovation Board (2019). 

However, how systematic is the engagement of conventional human social science and 

the organs of the State with these new developments in information science? Why, for example, 

in this literature, is Crawford and Ostrom’s (1995) institutional grammar so frequently chosen 

to anchor a formal normative model of the actor? Why not a model implied by Alistair Duff’s 

(2013, pp. 62-63) reinvention for the information age of Rawls’s (1971) theory of justice? For 

that matter, why not draw on Sandel’s (1981) communitarianism, Fischer and Forester’s (1993) 

argumentative turn or Hajer and Wagnaar’s (2003) deliberative policy analysis? Many plausible 

alternatives come to mind so what are the consequences of the tendency for information science 

to cherry pick the social science and ethics canon in this way? Must social science leave it to 

information science to propose “society-in-the-loop programming” (Rahwan, 2018) where the 

perception within information science is that social science is not really in-the-loop with these 

new developments at all? I, for one, propose that a more meaningful engagement of social 

science with information science is long overdue and that those seeking alternatives to the 

hegemony of rational choice versions of social science are looking in the wrong place. At least 

some of the answers are hiding in plain sight in those corners of information science that 

research MAS and normative electronic institutions. 
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So, just as I was compelled at the beginning of this dissertation to ask the question, is 

the public policy process an algorithm? Now at the end, I am compelled to ask the question, is 

information science a social science? After all, surely those clinging on to the view that only 

the humanities are equipped to reason qualitatively about the impact of values and norms on 

policymaking and societal organization generally will be forced to reconsider if it can be 

demonstrated that information science is also a social science. Information science, I maintain, 

has gone far beyond a tool that supports social enquiry by the humanities. Instead, it is now 

reasoning quantitatively itself about the values and norms that frame the conduct of artificial 

societies and is in many cases where the most innovative and interesting theoretical “social 

science” is already taking place.  

As I have already summarized the dissertation’s key findings in section 9.2, I will 

therefore end this journey with seven new questions. For any that would care to join me on an 

even more challenging journey perhaps these new questions will set a better course with better 

tools. Maybe if we can find a “stone for the knife”86 we can better answer some of mankind’s 

oldest questions about the just organization of society and we can reel in the old man’s marlin 

after all. 

 

1. Is information science a social science of artificial societies? 

2. What are the consequences if the human social science research agenda is not in-the-

loop of the artificial society research agenda? 

3. What rights do AI’s have? 

4. What are the ethics by which “Kantian machines” should be bound? 

5. How should hybrid societies of artificial and human intelligence be justly organized? 

 
86 From Ernst Hemingway’s Old Man of the Sea (1952, p. 110). 
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6. What is the research program of the political economy of the “4th industrial 

revolution”? 

7. How much of legacy social science will information science subsume? 
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