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Editor’s Introduction

Welcome to the second issue of the Journal on Policy and Complex Systems.

On behalf of the entire JPCS team, I thank you for the continued support of the journal. It 
is never easy to establish a new field. This is the case with the field of policy and complex 
systems as well. However, the quality of the submitted papers, the expressed interest of the 
researchers, and the informal communications at conferences have clearly demonstrated 
that the intersection of complexity and policy is a growing discipline of interest to many 
practitioners in fields as diverse as complexity, policy, sociology, economics, education, 
medicine, and political science, just to name a few.  The novelty of this field will surely cause 
a few mistakes here and there, but it will also allow us the flexibility of an unexplored and 
uncharted territory, leading to fresh looks and solutions to life’s persistent challenges. Please 
check frequently our Web site at http://policyandcomplexsystems.wordpress.com. The Web 
site is currently under revision in an effort to turn it into a more extensive communication 
channel with our readers, offering more modalities for expressing ideas and research re-
sults, including video recordings, simulations, and discussion forums.

The second issue of the JPCS is divided into three distinct, but related, sections. The first 
section focuses on complexity theory. The paper by Furtado and Sakowski offers a much 
needed review of the fundamental contributions to the field of complexity, ranging from 
information theory, cellular automata, artificial intelligence, and evolution to nonlinear sys-
tems, dynamic systems, and the need for developing computational models. Those scientif-
ic fields have contributed to the development of the central ideas of complex systems: agents 
and agent interactions, emergence and self-organization, nonlinearity, simplicity of rules, 
dynamics, feedback, and adaptation.

The paper by Wood and Givel explores the issue of governing in US urban areas, using com-
plexity to better understand the primary levers of systemic power in such social settings. 
The paper offers a new model that reveals the link between complexity theory and systemic 
power.

The second section is on applications of complexity in policy. Geyer and Royle use the con-
text of the Islamic financial system to explore tensions between the neo-liberal approaches 
to development, as practiced by the IMF and the World Bank, and the constraints of the Is-
lamic landing principles. In this paper, Geyer and Royle trace the emergence of new Islamic 
development thinking as a bland of neo-liberal practices and Islamic banking principles.

Next, Badham presents a framework for assisting policy analysts in engaging with model-
ers, thus allowing them to make the best use of models. The model framework uses three 
dimensions: functionality, accuracy, and feasibility. The framework is presented more as a 
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discussion guide rather than as a set of rules regulating what is appropriate for policy anal-
yses. It is presented as a starting point for analyzing outcomes in the context of many nego-
tiation points needed to be conducted before the final policy can be proposed and enacted. 

The third section includes papers on complexity and policy simulations. Kaplan and Galea 
argue that questions concerning social determinants of population health refer to complex 
systems that cannot be reduced into their component parts. They claim that complex sys-
tems and social determinants of health are unavoidably linked, and that understanding this 
linkage can advance “our understanding of the potential for neighborhood-based policies 
to reduce racial/ethnic disparities in body mass index.”

Chernicoff  present a model of ethanol market dynamics in an effort to understand the 
role of consumer perception in ethanol market growth. Unlike previous models that limited 
consumers to a single fuel choice per vehicle, their system dynamics model “applies to super 
octane ethanol blend fuel vehicles encompassing unfavorable word of mouth.” Their results 
show that “removal of potential consumers from the market due to unfavorable word of 
mouth can mitigate or overwhelm marketing and change virtuous growth to a vicious rein-
forcement leading to market collapse.”

Finally, McPhee-Knowles assesses manufactured risk of foodborne diseases in restaurant 
inspections using agent-based modeling. The model demonstrates “opportunities for im-
proving the transparency of current inspection systems by disclosing inspection scores.”  
McPhee-Knowles conclusion is that giving consumers access to restaurant inspection scores 
results in a lower variation of the number of sick consumers. 

The future issues of the journal will continue to offer a blend of theoretical advancements, 
practical applications, and model discussions. Some of the issues will have a special focus, 
opting to emphasize a specific aspect of one of these three elements. In addition, the editors 
intend to eventually introduce a requirement that published papers will have to be accom-
panied with an electronic version of the model and the data set used in model evaluation, 
in order to encourage verification and cross-research collaboration.

In order to be successful, we must secure your participation. We are looking forward to 
your ideas for special issues, data and model repository, Web site development, and other 
ways of engaging researchers in this exciting field.

Mirsad 
University of North Carolina at Charlotte
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Complex systems can be defined as 
systems in which agents interact with 
the environment and among them-

selves in a complex, nonlinear, and dynamic 
manner and whose actions generate emer-
gent, observable structures through differ-
ent scales; from usually simple rules that 
together allow for adaptation and evolution 
of the system itself. Complex systems can be 
formally described and simulated by compu-
tational means.

In a rough and nonexhaustive way, 
the contributions of the original authors both 
with a chronological and content-related or-
ganization can be summarized as follows 
(see Figure 1). Shannon (1948), Kolmogor-
ov (1965), Chaitin (1966), and Gell-Mann 
and Lloyd (2004) all focus on how to mea-
sure complexity. Shannon (1948) defines 
the fundamental concepts of information 

theory such as the notions of noise, redun-
dancy, and perturbation; source, transmitter, 
channel, and receiver, many of which seem 
automatic nowadays. Turing (1950, 1952) 
and Minsky (1961) explore the concepts of 
universality, pattern formation, self-orga-
nizing, heuristics, and modeling based on 
studies of learning and evolution in the fields 
of computation and artificial intelligence, 
in tune with the information theory of 
Shannon (1948). Wolfram (1984) confirms 
the patterns of Turing and realizes that sys-
tems self-organize. Langton (1986), in turn, 
demonstrates that those self-organized pat-
terns occur highly frequently in real cases in 
nature (and in society). This self-organiza-
tion, in turn, leads to the emergence of phe-
nomena, as Turing (1952), Anderson (1972), 
von Neumann (1966), and Hopfield (1982) 
had noted. In evolution, Waddington (1942) 
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Year Author Main Concepts 
INFORMATION THEORY AND MEASURES OF COMPLEXITY 
1948 Weaver Organized complexity 
1948 Shannon Information theory, entropy 
1965 Kolmogorov Algorithmic information content 
2004 Gell-Mann, Lloyd Effective complexity 
CELLULAR AUTOMATA, ARTIFICIAL INTELLIGENCE, AND 
COMPUTATION 
1950 Turing Universality 
1952 Turing Pattern formation, morphogenesis 
1961 Minksy AI: Solving complex problems, need of models 
1966 Von Neumann Self-reproducing automata 
1982 Hopfield Memory as emergence 
1984 Wolfram Classes 
1986 Langton Life and reproduction in computers 
EVOLUTION AND ADAPTATION 
1942 Waddington Adaptation, canalization 
1966 Raup Use of computational simulation in evolutionary 

studies 
1969 Kauffman Origins of molecular reproduction (Self-

organization) 
1974 Maynard Smith Game theory in evolution 
1977 Holland and 

Reitman Genetic Algorithms 
1977 Gould Punctuational change 
NONLINEARITY, INTERACTIONS, HIERARCHIES, AND DYNAMICS 
1972 Anderson Whole is more than the sum of the parts 
1973 Simon Hierarchies, nearly decomposability (interactions), 

loose coupling 
1974 Maturana and 

Varela Autopoiesis 
1976 May Logistic map, deterministic chaos 
1988 Brian Arthur Path-dependence, complexity in economics, and 

finance 
ON THE NEED OF MODELS 
1945 Rosenblueth, 

Wiener Hierarchies, closed and open box models 
1970 Conant, Ashby Regulation, models 
1998 Cilliers Modeling for organizations 

Chronological and conceptual contributions of main authors. Elaborated by the 
authors
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emphasizes the relevance of adaptation, of 
the dynamic changes that these self-orga-
nizing systems go through, whereas Raup 
(1966) question the Modern Synthesis of 
gradualism in evolution, favoring punctuat-
ed equilibrium. Gould and Eldredge (1977) 
use computational simulation to study evo-
lution. Later, Anderson (1972), Langton 
(1986), and von Neumann (1986) consoli-
date the importance of the notion of inter-
action among parts. They defend that the 
lack of understanding of the connections 
across different scales compromises the un-
derstanding of the phenomenon. Anderson 
(1972) goes further, builts on the original 
idea of Weaver (1948), and establishes the 
famous ‘more is different’. Simon (1973) 
confirms this view of intertwined scales of 
interaction as he reinforces the value of hi-
erarchies. Gell-Mann and Lloyd (2004) re-
inforce the relevance of scales and the basic 
tradeoff that scientists face, i.e., whether to 
gain in precision (and abstract the whole), 
or to generalize and understand relations 
at higher orders. Rosenblueth and Wiener 
(1945) state that one should describe the 
minimum necessary, the essence of the phe-
nomenon, so that modeling can occur.

The central concepts of complexity 
‘emerge’ within the context of research of 
each of the authors writing at different mo-
ments in time, and follow the typical jargon 
of each discipline. There is, therefore, super-
position, addition and complementation at 
different levels of detail and specificity. Part 
of the contribution of this text is to provide 
the reader with direct access to the original 
(and complex) thinking of the original au-
thors, which is available dispersedly, but not 
fully consolidated. Thus, the objective of this 
text is to review the classic authors who have 
contributed to the constituent elements of a 
‘science of complexity’. 

The proposed selection of authors 
and papers is by no means exhaustive in an 

area of study that is particularly broad and 
boundless by construction. However, a deci-
sion was made to include those authors that 
could be seen as the main concepts contrib-
utors. 

This paper is organized as follows. 
This introduction defines the general con-
cept and establishes an initial chronological 
and concept-based approach; the next sec-
tion (2) discusses the foundational basis of 
information theory and early measures of 
complexity and section 3 introduces cellular 
automata and its importance to computer 
science and artificial intelligence. Section 
4 presents brief concepts on evolution. The 
following section focuses on the relevance 
of interactions, nonlinearities, and the re-
sulting dynamics (see Section 5). Finally, the 
paper concludes with the case for the need 
of modeling as a scientific tool (see Section 
6) and final considerations (see Section 7).

I - Information Theory and Mea-
sures of Complexity

The information theory discussed in 
this section brings original elements 
of early computational efforts and the 

principles posed by Claude Shannon (1948). 
Information in this context superimposes 
the notions of entropy and uncertainty. In 
fact, information may be considered a mea-
sure of complexity of a system. 

An original concept put forward by 
Weaver (1948) is that of organized complex-
ity. The concept is used to describe problems 
that were neither about two or three vari-
ables—thus, easily managed—nor about a 
huge number of variables—also, handled 
easily through statistical mechanics and 
probability theory. Organized complexi-
ty would contemplate those problems that 
have a high number of interacting variables 
that are not easily manageable, but that at 
the same time is not so large as to allow the 
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use of probability theory. Weaver also hints 
on the concept later crystalized by Ander-
son (1972), saying that a group of scientists 
working together formed a “unit [that] was 
much greater than the mere sum of its parts” 
(1948, p. 542).

Shannon’s paper (1948) establishes 
definitions that have become classic in com-
munication theory, among them: informa-
tion source, transmitter, channel, receiver, 
destination, and channel. Shannon describes 
the source of information as a symbol gen-
erator in a stochastic process that can be 
successively detailed in order to be approx-
imated by natural language. In an example, 
he suggests to use words in English associ-
ating them with probabilities of occurrence. 
This stochastic process is now described as 
discrete processes of Markov. 

The efficiency of the system when 
coding a message to be sent through a chan-
nel equals the ratio between the rate of codi-
fying and the actual capacity of the channel. 
Shannon then defines distortion as what 
occurs when the signal received is a defined 
function of the signal sent, that is, when the 
difference between the signal that was sent 
and that was received is systematically the 
same. Distortion has the advantage that it 
can be fixed. 

Noise occurs when the differences 
between signal sent and received are not al-
ways the same. In these cases, it is not possi-
ble to rebuild the signal sent with precision. 
In a statistical sense, a system with noise 
contains two statistical processes in action: 
the source one and the noise one. Redun-
dancy allows the probability of errors to be 
small. 

Within the context of information 
theory, entropy is the simultaneous measure 
of the uncertainty of a given variable and 
the information content that is present, so 
that the more content there is in the mes-
sage, the greater the uncertainty. Specifically, 

Shannon’s entropy—also known as statistical 
entropy—is a measure of the quantity of in-
formation present in a message, or, in other 
words, the mathematical expectation: the 
chance that a given expected result occurs. 
So Shannon’s entropy is maximum when all 
results are equally probable and it decreases 
when other results have higher probability. 

Kolmogorov (1965), in turn, defines 
complexity as being the measurement of 
computational resources necessary to de-
scribe an object, in other words, the smallest 
program capable of specifying a given object. 
Kolmogorov (1965) proposes further a new 
approach to describe information quantita-
tively beyond the paradigms of combinato-
rial and probabilistic analysis: the algorithm 
approach. According to him, combinatorial 
approach calculates the possibilities of the 
construction of ‘words’, given the ‘letters’ of 
the alphabet. Probabilistic analysis is possi-
ble, but it can lead to senseless results—such 
as the possibility of negative results for en-
tropy. Take the case of literary work. Using 
‘War and Peace’ by Tolstoy as an example, 
Kolmogorov states: “Is it reasonable to in-
clude this novel in the set of ‘possible novels’, 
or even to postulate some probability distri-
bution for this set?” (Kolmogorov, 1965, p. 
3).

Then, Kolmogorov defines relative 
complexity using his proposed algorithmic 
approach to be “…the minimal length l(p) 
of the ‘program’ p for obtaining y from x” 
(Kolmogorov, 1965, p. 5). 

φ(p,x)=y

Finally, Gell-Mann and Lloyd (2004) offer 
a definition of effective complexity of an 
entity as the “length of a highly compressed 
description of its regularities” (Gell-Mann 
& Lloyd, 2004, p. 387), in other words, the 
smallest complete description of the patterns 
of a given object or system. 
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Formally, Gell-Mann and Lloyd de-
fine the Algorithmic Information Content 
(AIC) as “…the length of the shortest pro-
gram that will cause a given universal com-
puter U to print out the string and then halt” 
(Gell-Mann; Lloyd, 2004, p. 388). Note that 
Kolmogorov (1965) and Chaitin (1966) had 
also proposed AIC as a measure of com-
plexity. However, strictly speaking AIC is 
not computational itself, but it is only used 
as a theoretical tool to support the reason-
ing. 

Still according to Gell-Mann and 
Lloyd, the intention of the scientist when 
proposing a theory is to minimize its com-
plexity so that the theory remains simple 
and at the same time accurate in relation to 
the data. Thus, the tradeoff of the scientist 
is to include as much detail as possible in 
order to make more precise predictions, at 
the cost of complexifying its theory. 

II - Cellular Automata and Artifi-
cial Intelligence

The pioneers of computer science—
Alan Turing, John von Neumann, 
Norbert Wiener and others—were 

all motivated by the desire to use comput-
ers to simulate systems that develop, think, 
learn and evolve” (Mitchell, p. 209)

Turing (1952) worked with chemical 
substances called morphogens which dif-
fuse and react with the mean where they are. 
Turing used this work to propose the con-
cept of pattern formation. Turing demon-
strates further that given very simple prem-
ises it is possible that homogeneous systems 
with different rates of diffusion become het-
erogeneous after receiving small exogenous 
shocks or by the influence of irregularities 
in the structure of neighboring cells. Oth-
er small changes in the morphogens such 
as alterations in their chemical concentra-
tions, presence of catalyzers interfering on 

the growth of other cells, changes in tem-
perature or in the rates of diffusion may lead 
the system to become heterogeneous.

Marvin Minsky (1961) reviews the 
state of the art of the field of artificial intelli-
gence at the time. He focuses on the classes 
of activities that a generic computer is pro-
grammed to do and that leads to a superi-
or level of processing, such as learning and 
problem solving. Thus, goes Minsky, the first 
stage for building artificial intelligence con-
sists in searching. In order to solve a prob-
lem, a machine can be programmed to test 
a vast space of possible solutions. For trivial 
problems, this process is very effective, but 
highly inefficient. The heuristics of search-
ing would consist in finding techniques that 
would allow using incomplete results of the 
analysis to make the search more efficient. 
Some of the methods for that consist in 
linking objects to models or prototypes; and 
testing each one to identify such relevant 
heuristic characteristics. In complex prob-
lems, however, Minsky (1961) notes that it 
may be challenging to divide complex ob-
jects into parts and describe the complex 
relationships among them. 

The machine would also be able to 
increase its efficiency in problem solving if 
it could consider its own previous experi-
ence. The learning heuristics imply that the 
machine would apply similar methods that 
had previously worked for similar prob-
lems. The implementation of these systems 
is based on decision models that positively 
award past successes. However, in complex 
systems it may be hard to tell which deci-
sions were relevant to find the solution. 

Minsky also mentions the cost of 
unlearning. The machine will built-up its 
memories based on past experiences and, 
in case there are better procedures than the 
ones experienced, the machine would incur 
the cost of correcting its old ‘beliefs’.
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The problem of extinction of “un-
learning” is especially critical for com-
plex, hierarchical, learning. For, once a 
generalization about the past has been 
made, one is likely to build upon it  
(Minsky, 1961, p. 30–31)

In order to solve complex problems, 
the machine has to manage a set of interre-
lated sub problems. A step by step heuristic 
would imply in: subdividing the problem; 
selecting sub problems to be solved (estimat-
ing relative difficulty; estimating the central-
ity of different sub problems); and selecting 
adequate methods for the solution of the sub 
problems. However, for difficult problems, 
the machine would have to analyze the prob-
lem as a whole, that is to plan. A number of 
planning schemes are presented by Minsky, 
which include the use of analogy, semantic, 
or abstract models. 

Enabling machines to solve com-
plex problems means that they should have 
inductive capacity, that is, they should have 
methods that make it possible for them to 
build general statements about events be-
yond their own experience. But for machines 
to answer questions about hypothetic events 
beyond their own experience, without trying 
out those experiments would mean that the 
answers would have to come from an inter-
nal submachine which is within the original 
machine. The problem of inductive inference 
can thus be seen as the reconstruction of this 
internal machine; and this internal machine 
can be understood as a model that regulates 
the world. Since the machine is part of the 
world, the internal model would have to in-
clude representations of the machine itself. 

John von Neumann (1966) states that 
from the point of view of physical organisms, 
it is not possible to be sure about the implicit 
mechanisms of how memory is established. 
A relevant difference among living organ-
isms and machines is that living organisms 

constitute a system that is so integrated that 
it can run in spite of the occurrence of er-
rors. Von Neumann describes human beings 
as similar to a complex system of self-organi-
zation:

The system is sufficiently flexible and 
well organized that as soon as an error 
shows up in any part of it, the system 
automatically senses whether this error 
matters or not. If it doesn’t matter, the 
system continues to operate without 
paying any attention to it. If the error 
seems to the system to be important, 
the system just blocks the regions off 
and by-passes it forever, and proceeds 
along other channels. (Von Neumann, 
1966, p. 71)

Neumann reinforces his description 
of living organisms as ‘complicated aggrega-
tions’, probabilistically ‘improbable’ amalga-
mation of elementary parts. Implicitly, it can 
be said that he is agreeing with Anderson 
(1972). Neumann goes further and describes 
his own surprise with the fact that organisms 
can generate other organisms that are even 
more ‘complicated’ than themselves, and 
that the original recipes are not necessarily 
within the original recipes, with no hints or 
‘predictions’ about how the succeeding or-
ganism should be. This does not occur when 
artificial automata is at play. That is, the syn-
thesis made by the automata must be entirely 
described.

Hopfield (1982) shows that compu-
tational properties such as the stability of 
memories and the construction of categories 
of generalization can emerge as an sponta-
neous result of the interaction of a large num-
ber of simple neurons. “Any physical system 
whose dynamics in phase space is dominat-
ed by a substantial number of locally stable 
states to which it is attracted can therefore 
be regarded as a general content-addressable 
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memory” (Hopfield, 1982, p. 2554). In those 
systems it is possible to access information 
that is stored in the memory via their attri-
butes. 

Hopfield proposes a neural network 
in which the state of each neuron changes 
randomly in time and asynchronously. This 
model uses strong non-linearities to make 
choices, categorize, and regenerate informa-
tion. Hopfield states that the analysis of col-
lective emerging effects and of spontaneous 
computation should necessarily emphasize 
nonlinearities and the relationship of inputs 
and outputs.

From the collective behavior of 
these simple processors, new computation-
al properties emerge and the system consti-
tutes itself as a content-addressable memo-
ry. Those memories can be accessible given 
large enough fragments. Given its structure 
as a combination of parallel asynchronous 
processing elements, the system is robust to 
failure in individual devices and behaves in 
tandem with the concept of loose-coupling 
as defined by Simon (1973). 

Wolfram (1984) discusses cellular 
automata (CA) and the insights that can be 
drawn from its use. First of all, Wolfram de-
fines CA as simple discrete dynamic systems 
that have properties of self-organization. 
Fundamentally, CAs differ from traditional 
dynamic systems by the emphasis on spa-
tially rigid rules, that is, the local influence 
of a given neighborhood. However, just as in 
the analysis of dynamic systems, the interest 
falls onto the trajectories of the CA system 
and on its attractors. 

Given the definition and processes 
of CA, Wolfram identifies four typical class-
es of behavior. The first class allows predic-
tions to be made with probability one, inde-
pendently of initial conditions. In class 2, the 
result of a specific cell can be given as long as 
its initial state is known. Class 3 leads to ran-
dom states. However, from the initial states, 

it is possible to build an algorithm that leads 
to the correct prediction. Class 4 does not 
allow for predictions. The algorithm neces-
sary to make such prediction would be as 
complex as the simulation of the evolution 
of the CA’s states. In this case, a model is not 
possible. 

Wolfram affirms that the universal-
ity property—originally a contribution by 
Turing (1950) may very well be present in 
cellular automata:

Cellular automata may be viewed as 
computers, in which data represented 
by initial configurations is processed by 
time evolution. Computational univer-
sality implies that suitable initial con-
figurations can specify arbitrary algo-
rithms procedures. The system can thus 
serve as a general purpose computer, 
capable of evaluating a (computable) 
function. Given a suitable encoding, 
the system may therefore in principle 
simulate any other system, and in this 
sense may be considered capable of ar-
bitrarily complicated behavior. (Wol-
fram, 1984, p. 31)

The interest of studying CA, from 
the view of physicists, is that CAs are char-
acterized as discrete dynamic systems in 
space-time, and were the starting point for 
all the following analysis about phase space 
(Langton, 1986). In fact, this is how Lang-
ton comments von Neumann’s works: “Von 
Neumann proved that cellular automata are 
capable of universal computation by show-
ing that a universal Turing machine could 
be embedded in a cellular array” (Langton, 
1986, p. 129).

Langton (1986) makes a bold pro-
posal in his paper discussing the “possibility 
that life could emerge from the interaction 
of inanimate artificial molecules” (Langton, 
1986, p. 120). He does that using the prop-
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erties of CA and its ability to reproduce mo-
lecular logics. Langton proposes to verify 
the possibility that a virtual system of au-
tomata can reproduce the functional role of 
molecules. 

According to Langton, the necessary 
properties for computer programs to be able 
to reproduce the observed dynamics at the 
molecular level are logically simple. Com-
putationally, it is enough that the computer 
withholds interactions many-to-many and 
that it allows the change of an operator by 
another one. That is, that the modification 
of a program and its data can be made by 
another program. CAs as described by von 
Neumann (1966) have these properties. 

Langton proposes two ways to study 
CAs. The first, alongside with von Neu-
mann, would be to specify a rule Θ and 
verify its behavior; the other would be to 
specify a behavior and identify the Θ  that 
generates that behavior. Besides, Langton 
refers back to the classification of evolu-
tion made by Wolfram and emphasizes the 
possibility of connecting results observed 
in CA to those on the physical and biolog-
ical world. Especially, Langton focuses on 
the fact that both systems often reach cyclic 
patterns with clearly defined attractors.

Langton also highlights the ‘emerg-
ing properties’, i.e., properties that are not 
explicit in the rule, but that emerge from 
local influence. It is from this original idea 
that the notion of ‘bottom-up approach’ is 
derived. In order to defend the argument 
of emergence, Langton defines parameter 
λ as the ratio of the “number of neighbor-
hood states that map to a non-quiescent 
state/total number of neighborhood states” 
(Langton, 1986, p. 126). The variation of 
parameter λ enlightens the analysis of the 
results. The author proposes an analogy 
with temperature scales. For small values of 
λ, the dynamics of CA are stable with lit-
tle changes; for high values, such as heated 

gas, the dynamics are unstable; for medium 
values of λ (in the region the author calls re-
gion 2), the interesting dynamics show up. 
In fact, it is by using the periodic structures 
and balanced CAs that Langton searches for 
the possibilities of artificial life.

…von Neumann set out to demon-
strate the existence of a Turing machine 
that could effect its own reproduction. 
Since he was able to demonstrate that 
such a machine can exist, it becomes 
plausible that many, perhaps all, of the 
processes upon which life is based are 
algorithmically describable and that, 
therefore, life itself is achievable by 
machines. (Langton, 1986, p. 136)

The concept of Turing machine is 
used by Langton to propose a Virtual Tur-
ing Machine (VSM). The Turing machine—
which according to Langton is comparable 
to a CA and a predecessor of computers—
would be a theoretical program that can 
read and write (save and retrieve) infor-
mation in an endless extendable tape con-
taining a group of rules that states which 
information is to be saved in the following 
moment in time. According to Langton, 
VSMs would have the properties to be at 
the same time data and process, as they are 
written on the own tape where they operate. 
They could be able to write (build), erase, 
self-erase, reproduce (make other VSMs), 
read, and modify structures, besides being 
able to use other VSMs memories. It is from 
this list of VSMs’ properties that Langton 
derives the functions of biomolecules. Go-
ing further, Langton emphasizes the rel-
evance of the property of VSMs to be able 
to replicate themselves (just as DNA). He 
suggests that it would be possible to make a 
colony of machines that would interact and 
evolve as time passes by.
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III - Evolution and Adaptation

Waddington (1942) writes about 
the dispute at his time between 
naturalists and geneticists high-

lighting the prominence of genetics as a 
theory based on evidence. The central ar-
gument developed by Waddington is that 
adaptations may occur as answers to the en-
vironment, but that the genetic factor finally 
surpasses the initial environment effect. In 
fact, he claims adaptation is only possible 
because the answer itself is already geneti-
cally programmed and is only ‘activated’ by 
the environment. Further, he adds that ca-
nalization also supports genetics. Wadding-
ton defines canalization as: “[developmental 
reactions that] are adjusted so as to bring 
about one definite end-result regardless of 
minor variations in conditions” (Wadding-
ton, 1942, p. 563). Waddington makes clear 
the idea that a channel is a conveyor of alter-
natives that are activated or not depending 
on the influence of the environment or other 
correlated processes that work as switches.

…the occurrence of an adaptive re-
sponse to an environmental stimulus 
depends on the selection of a suitable 
genetically controlled reactivity in the 
organism. If it is an advantage…then 
the reactivity will become canalized, 
again under the influence of natural se-
lection. (Waddington, 1942, p. 565)

On a rather different focus on bio-
logical systems, Raup (1966) exploits the 
evolution of complex life through the study 
of the geometry of shells that grow in spi-
rals. He postulates that the format of shells 
can be expressed by geometric parameters 
and simulates computationally the formats 
that could exist theoretically. The com-
parison of the simulation with real species 
shows that the known species in nature are 

not randomly distributed within all possible 
formats. On the contrary, they concentrate 
on discrete regions of the distribution. Raup 
suggests that there are rational explanations 
for this distribution which could be poten-
tially associated to the functional character-
istics of the shells. His work is an example 
of the evolutionary exploitation of the mor-
phospace and of the use of computational 
simulation to study the growth and form of 
organisms.

Kauffman makes early contributions 
in biology, specifically discussing the ori-
gins of molecular reproduction (Kauffman, 
1969, 1971), and conceptualizing the idea of 
self-organization and self-organizing criti-
cally (Kauffman, 199 ; Kauffman, 199 ).

Maynard Smith (1974), in turn, ap-
plies Game Theory to analyze the evolution 
of patterns of behavior in conflicts among 
animals and establishes the concept of Evo-
lutionary Stable Strategy (ESS). A strategy I 
is considered ESS, if the expected utility of 
a player using strategy I against himself is 
higher than the expected utility of strategy J 
applied against strategy I. 

EI (I)>EI (J) ,

where E indicates the expectancy of the util-
ity of the strategy in parenthesis against the 
other strategy.

In a population composed of indi-
viduals who adopt strategy I, initially rare 
mutant individuals, adopting a strategy J 
different from I would not increase in fre-
quency so that the population would remain 
stable even with the occurrence of mutation 
and natural selection. The ESS can be said 
to have contributed greatly to the study of 
Evolution.

Holland and Reitman (1977) feed 
on ideas of evolution and apply them to 
computing. They propose the use of sim-
ple learning genetic algorithms that can (a) 
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model the history of successful agents with 
the roles of classifiers and (b) update them-
selves into more efficient algorithms when 
necessary. In fact, the algorithm tends to 
favor generic agents who can consistently 
make more precise predictions. Besides, the 
genetic algorithm allows for the construc-
tion of new agents from the combination 
of parts chosen by performance rather than 
randomly, maintaining the efficiency of the 
results at each interaction.

Darwin’s Theory of Evolution pro-
vided the most compelling explanation for 
how simple rules—such as the algorithm of 
natural selection—are able to generate high-
ly complex products with no need of a de-
signer (or a central control). The Darwinian 
vision was combined with Mendel’s views 
to lead to what is today called the ‘Modern 
Synthesis’ of the theory of evolution. The 
Modern Synthesis became largely accept-
ed by biologists and can be characterized 
by natural selection, gradual evolution and 
microscopic processes of genetic variation. 
In the 1960s and 1970s, the validity of the 
Modern Synthesis starts being challenged. 

In a study with fossils, Gould and 
Eldredge (1977) verify some discrepancies 
between the theory and the evidence they 
found. These paleontologists suggest that 
punctuational change—not gradual ones—
dominated the history of life on Earth. Ac-
cording to them, evolution would be con-
centrated in rapid events of speciation and 
would not occur in a constant rhythm in 
tune with geological scale. Their observa-
tions of fossils show that most organisms 
remain practically unaltered through geo-
logical time and that evolutionary chang-
es tend to be concentrated in rapid events 
of speciation. This somewhat antagonistic 
view to the gradualism established by the 
Modern Synthesis becomes known as the-
ory of punctuated equilibria.

IV - Interactions, Nonlinearities, 
Hierarchies, and Scales

This subsection introduces the com-
plementary concepts by Anderson 
(1972) and Simon (1973) on the rel-

evance of including varied scales and the 
cross effects among scales when trying to 
understand complex, intricate phenomena.

Anderson (1972) starts his paper 
‘More is Different’ disputing the hypothesis 
generally accepted by the scientific commu-
nity of the reductionist paradigm—accord-
ing to which the whole can be understood 
by the segmentation and understanding of 
each part individually. Against reduction-
ism, the author argues that even if all nat-
ural laws were known, yet it would not be 
possible to rebuild the universe. 

On the contrary, defends Anderson, 
at each level of complexity, new properties—
which demand new understanding, new re-
search—come up. Still on the scale and large 
systems topic, Anderson emphasizes the 
nonlinearities present in the system.

Closing the argument the author 
states that “In this case we can see how the 
whole becomes not only more than but 
very different from the sum of its parts” 
(Anderson, 1972, p. 395, our emphasis). 
This quote has become a fundamental part 
of complexity as it is seen presently.

Simon (1973) suggests that “every-
thing is connected, but some things are 
more connected than others” (Simon, 1973, 
p. 23). He also refers to boxes, in the sense
used by Rosenblueth and Wiener (1945) 
when they describe recursive structures. 
The idea is that the boxes would be inside 
other boxes, which, in turn, would be inside 
other boxes, thus establishing complex hier-
archies so that the higher the number of lay-
ers, the more complex the system. Besides, 
Simon defends the notion that the interac-
tion among components of each box is more 
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intense internally—within the same box—
than externally across boxes. Finally, Simon 
(1973) states his scientific preference for laws 
that describe relations across hierarchical 
levels, minimizing traditional approaches 
that simply describe the fundamental parts 
of the system.

Simon (1973) introduces the con-
cept of nearly decomposability, according 
to which it is possible to distinguish the in-
teractions of a system using the frequency 
of interaction among its components. If the 
interactions observed among the particles of 
a system occur less frequently than a given 
time T, then those interactions can be con-
sidered constant. Similarly if the interactions 
occur with a higher frequency than another 
given parameter τ, the interactions can be 
disregarded as nuisance. 

Simon also contributes with the in-
sight of loose coupling, according to which 
the independence among subsystems of a 
higher system implies functional effective-
ness, in the sense that each subsystem is au-
tonomous and self-organizes in the absence 
of other subsystems.

These interactions described by Si-
mon—especially those involving citizens and 
the environment—often result in a ‘common 
pool resources’ problem. This kind of prob-
lems affect simultaneously a large number of 
involved parties that are all responsible, but 
not each one individually. These problems 
are not easy to solve, although a diversity of 
managerial solutions can be found (Ostrom, 
1990). Usually, large groups would find it es-
pecially hard to pursue common objectives 
(Olson, 2007 [1965]).

Another concept that relates to the 
idea of boundaries, hierarchies, and interac-
tions among parts, following Simon’s boxes 
is that of autopoiesis (Maturana & Varela, 
1980; Varela, Maturana, & Uribe, 1974). A 
system would exhibit autopoiesis when it is 
able to maintain its characteristics, function-

ality, and reproducibility, despite the external 
environment and its influences. In doing so, 
the system is autonomous. The most com-
mon example is a biological cell, although 
other systems such as animal colonies or 
even cities could also be considered as such.

When considering the dynamics of 
interactive systems, May (1976) points out 
that simple nonlinear models may behave 
in a number of dynamic ways, from stable 
points to apparently random fluctuations. 
He considers a model that shows how the 
magnitude of population in one generation 
correlates to the magnitude of that same 
population in the previous generation, and 
highlights that this logic of recurrence can be 
found in different fields of science. He uses 
the logistic equation to describe the inter-
temporal relation between population size in 
two periods. Depending on the value of the 
growth parameter, the system assumes dif-
ferent dynamic behaviors. 

May demonstrates that a simple de-
terministic equation can lead to trajecto-
ries that are similar to a random noise. May 
states that the implications are disturbing. 
Firstly, apparently random fluctuations of a 
variable may, in fact, come from a rigidly de-
terministic structure. This would be ‘deter-
ministic chaos’. Second, in a chaotic regime, 
very small variations in initial conditions 
may lead to highly diverging trajectories. 
Thus, even in a system in which parameters 
are strictly determined, long range predic-
tions may be impossible. This is the classic 
concept of ‘sensitivity to initial conditions’, 
largely described within the theory of dy-
namic systems.

Turing (1950) hints at an early ver-
sion of this ‘butterfly effect’:

The system of the ‘universe as a whole’ 
is such that quite small errors in the 
initial conditions can have an over-
whelming effect at a later time. The 
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displacement of a single electron by a 
billionth of a centimeter at one moment 
might make the difference between a 
man being killed by an avalanche a year 
later, or escaping. (Turing, 1950, p. 440)

Lastly, May states that “Not only in 
research, but also in the everyday world of 
politics and economics, we would all be bet-
ter off if more people realized that simple 
nonlinear systems do not necessarily pos-
sess simple dynamical properties” (May, 
1976, p. 467, our emphasis).

In the realm of economics and fi-
nance, a precursor and prolific contributor to 
complexity is Brian Arthur. He consolidates 
the ideas of path-dependence (Arthur, 1988, 
1994a) and feedback (Arthur, 1990); helps 
along with others open-up the area of finance 
(Palmer, Brian Arthur, Holland, LeBaron, & 
Tayler, 1994); while proposing alternative 
views on traditional economic concepts (Ar-
thur, 1991, 1994b) and establishing episte-
mologically the ideas of complexity within 
economics (Arthur, 1999, 2005, 2013).

V - On the Need of Models

The scientist does not have full meth-
odological knowledge of their object 
of investigation. However, according 

to Rosenblueth and Wiener, they should 
have a clear view of their research questions. 
These could be defined hierarchically from 
the most general to the most specific. The 
general question possibly contains more rel-
evant answers, but they are less precise and, 
especially, less susceptible to experimenta-
tion. 

Rosenblueth and Wiener (1945) 
departing point is the premise that science 
follows a dual rite that goes from the under-
standing of reality to the action upon it. The 
authors say that if one intends to act upon 
the scientific phenomenon, thus exerting 

control, it is necessary to abstract reality, 
work with similar elements which are sim-
pler, but which contain the essence.

Then, Rosenblueth and Wiener de-
fine closed and open box models. Closed box 
models are defined as those in which a fixed 
finite number of input variables determine 
a fixed number of output variables, inde-
pendently of the transition structures. As the 
model demands a greater number of vari-
ables for its full comprehension, it becomes 
more and more open. Actually, “scientific 
progress consists in a progressive opening 
of those boxes” (Rosenblueth & Wiener, 
1945, p. 319), leading into more elaborated, 
sophisticated, and hierarchically superior 
models; both abstract and complex ones. 
Finally, Rosenblueth and Wiener argue that 
imperfection is intrinsically of the nature of 
models. That is, a one-to-one model would 
be redundant.

Still on the debate over models, 
Conant and Ashby (1970) develop a theorem 
according to which the regulator (of a sys-
tem) who aims at simplicity and effectiveness 
should necessarily have a model. “A model 

 be needed” (Conant & Ashby, 1970, p. 
90, emphasis in the original). Besides, the 
regulator must know exactly how the struc-
ture of the system works, and continuing ef-
fectiveness is dependent upon the deepening 
of his knowledge of the system. 

In order to fully develop the theorem, 
Conant and Ashby (1970) define (a) regula-
tion, (b) model, and (c) system. Regulation is 
defined in the context of events in a system. 
The system contains all events that can occur. 
The events may be separated into regulated 
or unregulated ones. Regulated events repre-
sent pursued goals, are generated by the reg-
ulator and are a subset of all possible events. 
Unregulated events are disturbances, that is, 
events happening out of the control of the 
regulator but within the system. Unregulated 
events can also influence regulated events. 
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Given this context, a regulator is a good one 
when he or she achieves the goals established 
for the systems, considering the relationships 
among its parts and the disturbances. 

This proposed scheme is not subject 
to the assumptions of linearity, continuity, 
temporality, or even the existence of a system 
of measurement. However, when the set of 
possible events is classifiable, the effective-
ness of the regulator is higher when his or 
her own actions are minimal. The proposed 
theorem is, thus: “…the theorem says that 
the best regulator of a system is one which is 
a model of that system in the sense that the 
regulator’s actions are merely the system’s ac-
tions as seen through a mapping” (Conant & 
Ashby, 1970, p. 96).

The theorem implies that there can 
be equally effective regulators, but that some 
might be unnecessarily complex. Besides, 
Conant and Ashby conclude that the regula-
tor is, in fact, searching for the best model 
that maps the relations between the system 
and the events, conditioned to the objec-
tive, which is contained in the universe of 
the system. 

The epistemology of complexity with 
a focus on organizations and the possibili-
ties of modeling is also discussed by Cilliers 
(1998, 2001).

The authors on this section reinforce 
the idea that models are compulsory if one 
aims to understand the mechanisms of the 
system under analysis. Once the processes 
are understood, one can move forward and 
attempt to measure, for example, the efficien-
cy of these processes. 

VI - Discussion

An earlier attempt to consolidate the 
knowledge around the field of com-
plexity was made by Waldrop (1992), 

and a more recent one was done by Mitch-
ell (2011). Our attempt at this paper is more 

in the sense of reading and interpreting the 
original papers, rather than composing our-
selves a clear, contemporary epistemological 
compound of the field.

Israel (2005) criticizes the argument 
that the concepts presented in this paper to-
gether constitute a science of complexity. In 
fact, he may have a point. Anyway, not con-
stituting a science does not change the fact 
that for a number of systems classified as 
complex, the concepts presented bring ana-
lytical power and contribute to the advance of 
disciplines and the cross-fertilization among 
disciplines. The point to highlight, thus, is 
that whether a science or not; the notions of 
complex systems presented by the classic au-
thors contribute fundamentally to the scien-
tific approach in at least two manners. 

On one hand the concepts bring 
formalism and theoretical scope for the dis-
cussions in areas of the science that are less 
used them. On the other hand, the concepts 
effectively handle elements that even in the 
so-called hard sciences are routinely ignored 
given their frequent mathematical intrac-
tability, those are: (a) the dynamics of the 
events and their strong crossed causality (in-
teraction) that includes feedback elements, 
(b) the randomness of events that may be 
relevant and together lead to rupture points 
and structural change, and (c) self-organiza-
tion without central control. 

Such elements should be considered 
by the scientist every time he or she analyzes 
phenomena that have heterogeneous agents 
interacting with each other and with the en-
vironment in a dynamic and nonlinear man-
ner, in systems that have self-organization 
and differentiated characteristics for distinct 
scales; and that have the ability to evolve 
and adapt. In sum, one should proceed with 
those concepts in mind when studying sys-
tems which are observable and frequent in 
nature and in society. Such scientist should 
also model the system at hand meaning that 
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the essence of the work should consist in 
finding the key elements driving the phe-
nomena being investigated. 

This paper aimed at bringing to-
gether initial fragmented contributions, 
definitions and concepts that contribute to 
the scientifically rigorous analysis of com-
plex phenomena. From the point of view of 
the authors of the paper, the concepts de-
scribed here seem relevant to better model 
(and simulate) the environment of applied 
policy.  
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Introduction

For more than 50 years, scholars have 
debated the significance of community 
power and decision-making in US ur-

ban areas, in order to develop a theory of who 
does or does not govern (Domhoff, 2005a; 
Imbroscio, 2010), and more specifically, the 
position of local business interests in munic-
ipal politics (Dahl, 1961; Hunter, 1953; Lynd 
& Lynd, 1937). In this paper, we analyze US 
urban community power in general and sys-
temic power in particular, through the lens 
of complexity theory. We also introduce a 
multi-level analytical model based on and 
expanding Clarence Stone’s (1980) notion of 
US urban systemic power: macro (socioeco-
nomic), meso (cultural), and micro (psycho-
logical) levels, each nested. Each level is en-
twined in a web of relationships among the 
three analytical levels, and this interaction 
makes up the system (see Figure 3).ii This 
model shows how the system is interrelated, 
not unlike Russian dolls, as Meadows (2008) 
calls “models within models.”

In the following, we articulate the 
analytical three levels. First, on the mac-
ro or socioeconomic level, governments 
often turn to business for increased reve-
nues, such as property or sales taxes. This 
is due to underlying governmental condi-
tions, such as need for revenue, need for 
new growth in programs, or both. These 
conditions often create an unspoken defer-
ence to business. At the same time, business 
exerts power to its advantage. We propose 
a second analytical level, the meso, or cul-
tural level. This level comprises the norms 
and values of public officials and the pub-
lic related to public decision making for the 
community. In the third analytical level, the 
micro or psychological level, decision-mak-
ing is based on individual consciousness or 
unconsciousness. 

All elements are interrelated by a 
feedback loop,iii or “anticipated reactions” 
(Stone, 1980, p. 979) between 
and . Action by the system brings 
various changes via information (feedback), 
which allow the system to change its behav-
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ior.  is the ability of one or more 
parties to take some modicum of control, 
or to reinforce a status quo (Lukes, 2005; 
Stone, 1980).  is the ability to do 
the opposite as it transitions from the “in-
capacity to act to enjoying such a capacity” 
(Stone, 1980, p. 978).iv

The study of urban community sys-
temic power theory is important for many 
reasons. First, in complex policy systems, 
the entire policy system is greater than its 
constituent parts. These parts interact, in-
fluencing future outcomes (Geyer & Rihini, 
2012). Second, urban systemic community 
power theory grapples with the problem 
raised regarding political “nondecisions,” 
similar to Luke’s (2005)  third face of power 
and ruling-class hegemony with an empha-
sis on indirect influence. For the most part, 
scholars focus on how a stratified socioeco-
nomic system limits the independence of 
public officials in decision-making (Judge, 
Stoker, & Wolman, 1995). Stone (1980) ar-
gues that public officials are compelled to 
cooperate with holders of resources  to real-
ize  policy objectives. These resource hold-
ers are the owners of urban systemic com-
munity power.v

We assert that, while Stone’s so-
cioeconomic level has been described and 
applied to urban politics, the other two 
aforementioned levels—cultural and psy-
chological—have had little exploration and 
all three levels lack a connection to the in-
terrelated concepts of  and 

 in community systemic power theory.  
In this paper, we relate complexity theoryvi 
with the concept of systemic power and 
power itself. We create a conceptual model 
of systemic power and its relation to the ur-
ban landscape (see Figure 3). Systemic pow-
er and complexity theory are intertwined. 
Complexity theory says that anything that 
has a large number of seemingly indepen-
dent individuals can spontaneously order 

them into an emergent and coherent sys-
tem. 

Using the concept of feedback, we 
show how power and feedback interplay on 
three analytical levels. On the lowest level, 
for example, feedback and power are in-
tertwined. When two individuals discuss, 
they create a feedback loop. If A asks B a 
question, B answers back – simple feedback 
at the individual level. At the cultural level, 
media is the focus of feedback or rather large 
populations; it’s a collective feedback. A in-
forms many, or even many informing many, 
i.e., trends and movies. Then, at the macro
level, paradigm shifts happen. Whether it is 
a nation or international, it is where change 
happens in paradigms, episteme, etc. It is 
the power and feedback loop interaction 
that are key ingredients in “spontaneously” 
keeping order in balance, or not. 

Complexity Theory

Theories of change, adaptation, 
self-organizing, evolution, feedback, 
and emergence are the main features 

of complexity theory 

. Unlike complexity theory, 
linear theories are based on linear, rational, 
and orderly interactions (Geyer  Rihani, 
2012, p.12). The focus is on empirical mea-
surements and predictability. In this way, 
everything can be reduced and understood as 
deterministic (Geyer  Rihani, 2012). Com
plexity theory counters with a model that is 
based on balancing the extremes of order 
and disorder. It is “like a synthesis or bridge 
between these two and creates a new 
framework” (Geyer  Rihani, 2012, p. 
29).vii While complex systems are nonlinear, 
they still have a deep underlying order, but 
limited human understanding cannot fully 
comprehend emerging and complex policy 
issues and problems (Kauffman, 1995). 
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The conceptual framework of social 
complexity is a way to analyze the politics 
and economics of society (Mitchell, 1992). 
Complexity theory itself is often associated 
with systems theory with homoeostasis, or 
systems, which correct themselves through 
feedback 

.  Social sys-
tems are complex because reality is not as 
tidy as the linear paradigm purports. This 
nonlinear paradigm is dynamic, as its be-
havior is steered by interactions between the 
elements themselves within the system.viii 
This paper, therefore, uses complexity theo-
ry’s self-regulating feature called feedback, 
to help us view systemic power in a new 
way.

There are three faces, or dimensions, 
of power.ix Across each face, Frie-
drich (1941, p. 589-91) describes 

the “anticipated reactions,” very much like 
feedback, where there is an anticipation 
of expected reactions to activity, i.e., from 
the public. Dahl (1974, p. 202-203) defines 
power in the first face linearly, as “A has 

 B to the extent that he can get 
B to do something that B would not other-
wise do.”x Of course, (Lukes, 2005) argues 
that this is merely a one-dimensional view 
of power—simply, a behavioral attribute 
with the ability to modify an individual’s 
behavior within a decision-making pro-
cess. In addition, the individual who has 
the power in a situation is the individual 
who prevails.

Likewise, for Bachrach and Baratz 
(1962)  the second face of power  is not 
only forcing B to do something that he or 
she  want to do, but also 

 B from doing what she  to do 
(Digeser, 1992).xi This second face is about 
how power can limit the range of discus-

sionxii (Bachrach  Baratz, 1962, p. 948). 
Lukes (2005, p. 20) finds that power can be 
viewed “to the extent that a person or group 
-- consciously or unconsciously–creates, or 
reinforces, barriers to the public airing of 
policy conflicts, t hat p erson o r g roup h as 
power.” 

Furthermore, Lukes’ (2005) third 
face explores why people act willingly 
against their own interests.  In addition, it 
asks how the powerful can alter its relation-
ship with the powerless in a way that the 
powerless end up behaving as the powerful 
wishes, even without forcible constraint or 
coercion. This is a more nonlinear face of 
power describing the elite’s deliberate and 
willful intent to manipulate through form-
ing ideological preferences, i.e, values and 
norms, where reality is considered rou-
tine because we do not knowingly “think” 
of these norms. This reveals a nonlinear, 
non-unidirectional, and non-visible un-
derstanding of power.xiii Furthermore, 
Lukes associates “power as domination,” 
which can happen through explicit coer-
cive means, or unconscious mechanisms.

Stone (1980) defines systemic po
wer as that “dimension of power in 
which durable features of a socio-eco-

nomic system (the situational element) 
confer advantages and disadvantages on 
groups (the intergroup element) in ways 
predisposing public officials to favor some 
interests at the expense of others (indirect 
element).”xiv Therefore, it is invisible, but 
has apparent outcomes—complexity theo-
rists call it .

In Stone’s description of systemic 
power, the “agents,” “components,” or “ele-
ments,” parts of the socioeconomic system, 
are interconnected, and lead to large-scale 
emergent.xv Some gain or lose, and public 
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officials favor some interests over others. 
The interactions among these elements lead 
to large-scale behaviors, which are not easi-
ly observable beyond apparent results. 

These insights parallel Meadow
(2008) description of complex systems of 
interconnected elements with a purpose. 
Dahl argues that elected officials anticipate 
constituents’ needs in deciding policy. Not 
only is this a matter of feedback, but also 
interpretation, whereby system actors are 
not only  and also  themselves 
and, therefore, interpret how to navigate 
the system (Geyer  Rihani, 2012).xvi

ems Th
 

In this section, we examine feedback 
mechanisms, which have dominance 
in a community power structure, and 

those that are more politically neutral with 
reinforcing and balancing feedback loops.xvii  
When feedback loops dominate one anoth-
er, its loops determine, or at least have the 
strongest impact on, system behavior. Such 
loops maintain an indirect and constant 
pressure to maintain equilibrium.

Capra (1996) explains the differ-
ence between positive (self-reinforcing) 
feedback loops and negative (self-balanc-
ing) loops. For a positive loop, “A produces 
a change in B in the same direction—for 
example, an increase of B if A increases” 
(p. 60).xviii This is similar to Dahl’s (1974) 
aforementioned linear definition of power. 
He finds that when “A has power over B to 
the extent that he can get B to do some-
thing that B would not otherwise do” (p. 
202-203). 

Meadows (2008, chapter 1, section 
6, paragraph 8) describes further that feed-
back is complex “instead of seemingly how 
A causes B, you’ll begin to wonder how B 
may also influence A—and how A might 
reinforce or reverse itself.”  Likewise, Lukes’ 

(2005) understanding of power, as noted 
previously, is also nonlinear where elite’s 
deliberate intent to form ideological pref-
erences, where reality is considered routine 
because we do not knowingly “think” of 
these norms. Similarly, Geyer and Rihani 
(2012, p. 29) argue that these values and 
norms are a part of a unique set of human 
experiences coupled with countless col-
lective interactions, producing “complex 
interpretative outcomes.” It seems then 
that power and feedback loops are similar.  
Complex systems transform inputs into 
outputs as their components interact by 
means of a web of feedback loops, creating 
an , or a self-processing system.xix   

: Original feedback model. The sys-
tem is negative and stable if B < 0

Meadows (2008, introduction, sec-
tion 1, paragraph 6) describes a system as 
“set of things—people, cells, molecules, or 
whatever—interconnected in such a way 
that the produce their own pattern of be-
havior over time.” She also describes a sys-
tem as more than the sum of its parts. A 
system seeks its own perpetuation; its be-
havior reveals a feedback loop as it “may 
exhibit adaptive, dynamic, goal-seeking, 
self-preserving, and sometimes evolution-
ary behavior,” therefore, causing its own 
behavior (Meadows, 2008, chapter 1, sec-
tion 1, paragraph 6). 

Such systems have positive, or re-
inforcing, and negative, or balancing feed-
back loops (See Figure 4). Negative, or bal-
ancing, feedback loops correct deviations 
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and move the system toward equilibrium. 
Meadows (1999) normatively describes 
that humans create negative feedback 
loops as “controls to keep important sys-
tem states within safe bounds” (p. 9). 
Conversely, positive, or reinforcing, feed-
back loopsxx occur when new information is 
inserted into a system, either through 
increasing complexity levels, or in the 
process of growth and renewal. Such pos-
itive feedback loops also disturb the sta-tus 
quo. Meadows (1999) notes that posi-tive 
feedback loops seem to say the “more it 
works, the more it gains power to work 
some more” (p. 11). These loops are the 
“sources of growth, explosion, erosion, and 
collapse in systems” (p. 11). Furthermore, 
these loops cause disequilibrium by chal-
lenging the status quo, subsequently cre-
ating a new equilibrium (Meadows, 2008). 
Arthur (2013) argues that interaction of both 
positive and negative feedback loops is 
“very much a defining property of complex 
systems”  Negative feedback alone 
reveals “dead” behavior and positive feed-
back reveals “explosive” behavior. Their 
interaction is “interesting” or “complex” 
behavior. By studying complex systems, 
scholars can reframe empirical inquiries of 
diversity and change (Walby, 2003). 

Savas (1970) connects systems to 
the level of municipal government (See 
Figures 1-2 with system inputs and out-
puts). The policy output, then, develops an 
iterative process in which a feedback mech-
anism introduces change as a new form of 
input (See Bertalanffy, 1969). In a positive 
feedback loop, a preliminary change will 
bring further change.xxi In a negative feed-
back loop, an initial change will create ad-
ditional change in the opposing direction, 
creating a homeostasis, or stable environ-
ment. 

Easton and Deutsch, were early 
proponents of applying feedback to social 

theory (Richardson, 1999). Easton’s central 
question is: “what keeps a political system 
in power?” (Richardson, 1999, p. 205).   

Easton argued that there is a con-
stant current of influences from the politi-
cal system itself into the environment. In-
fluences are divided between  and 

. In political systems, these inputs 
are converted into outputs: administra-
tive decisions, policies, political favors, 
and laws. These outputs answer demands 
and inspire support. In order to stay in 
power, city officials must keep demands 
and support in stasis with outcomes. They 
must keep in touch with the current state 
of mind of their supporters as well as the 
effects of previous outputs. Otherwise, the 
political system would fail.

We argue, feedbackxxii is exhibited 
both top down, ( ), and bottom 
up ( ). This complex open system is 
both a conscious and unconscious effort by 
those  power and those who  power 
in the system. In Stone’s view,  in 
which there is dominance by groups, elites, 
or classes over another assumes interests 
are fixed. Whereas , which focuses 
on the process and procedures of exercis-
ing power is not. The reality is that while 

is easier to measure, it is really 
a non-linear process, much like . 
Similarly, Meadows (2008) notes that when 
there is a dominant, or balancing loop, it 
has a stronger influence on behavior (See 
Ford, 1999). And yet they are merely two 
sides of the same coin, two different types 
of feedback.  and  by 
themselves are associated with what Ar-
gyris (1976) calls single-loop learning. 
Single-loop learning exhibits the linear, 
or order, paradigm. Double-loop learning 
acknowledges the pairing of both feedback 
mechanisms—two seemingly oppositional 
notions of power—and potentially creates 
a homeostasis. When this homeostasis is 
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. Easton’s “simplified model of a political system.” From Easton (1965 p. 32)

 Complex Cybernetic Model of Political Power
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disturbed, it transforms into an imbalance, 
which is a positive, or reinforcing, feed-
back mechanism seeking to maintain equi-
librium (See Figure 4). This imbalance is a 
device to assist in distinguishing various 
substantive stages in a process.  Negative 
feedback,  in Stone’s model, is 
what Meadows (2008) would equate to a 
reinforcing loop.  An anticipated reaction 
is created through system instability, which 
creates a feedback, Stone’s  is for 
Meadows, (2008) a balancing loop. System-
ic power exists where a system has a rein-
forcing or self-reproducing loop. The loop 
becomes dominant, throwing the system 
out of equilibrium.xxiii A balancing feed-
back loop pushes the system back toward 
equilibrium (See Figure 3 & 4). Systemic 
power happens when a long-term equilib-
rium gap persists. Both feedback loops can 
and do occur and interact at the same time.  
Such systems are not ideological. The re-
inforcing and the balancing loops are nei-
ther liberal nor conservative, but reinforce 
dominance, or balance with a constant re-
sistance to dominance. 

In Figure 3, levels are described 
macro to micro, each showing feedback 
from level to level. This figure depicts dou-
ble-loop feedback, which helps keep a sys-
tem at homeostasis. Each level—marco, 
meso, and micro—depicted in Figure 3, 
can be thought of as a focus of a pattern 
of seemingly chaotic behavior, also known 
as a strange attractor, according to Lorenz 
(1996), is not predictable to a large degree 
of certainty, but only within certain pa-
rameters. Through the framework of sys-
tems, however, while the outcome of one 
event may not be specifically knowable, 
it self-organizes into a stable pattern over 
time (Lyster, 2005). Strange attractors are 
catalysts of the system, creating a durable, 
patterned structure that is replicated at all 
levels. These attractors are nested like Rus-

sian dolls (See Meadows 2008); therefore, 
depicted on three analytical levels as con-
ceptual scaffolding as in Figure 3 above, 
with the three boxes, or strange attractors. 
The feedback can fluctuate between stable 
and chaotic states. When each local inter-
actions of these analytical levels become 
emergent, they subsequently create a new 
homeostasis. It is either in balance and 
maintains the status quo, or new informa-
tion creates a new emergent homeostasis. 
Feedback thrives on information. For ex-
ample, we describe a feedback that certain-
ly goes beyond Netwon’s Law: “For every 
action, there is an equal and opposite reac-
tion.” Such a nonlinear feedback has three 
parts, 1) action, 2) information, and 3) re-
action.  What’s missing is from Newton’s 
Third Law that which usually intermediates 
the aforementioned linear “action” and “re-
action” relationship– information. Similar-
ly, Bateson (1972) often stated that the “a 
difference which makes a difference”– in-
formation.xxiv xxv  For Bateson, information 
mediates Alfred Korzybski's map–territory 
relation.xxvi Differences are the things that 
get onto a map. What’s important here is 
that feedback is pretty complex and ongo-
ing to pragmatically point out, especial-
ly with our bounded rationality (Simon 
1997). 

Meadows (1999) argues: “Lever
age points are points of power”  She 
finds that there are levers within a complex 
system where a "small shift in one thing can 
produce big changes in everything” (p. 1). We 
argue that these leverage points, are like 
tipping points between positive, self-rein-
forcing loops, and negative feedback loops, or 
correcting loops, as well as power over and 
power to. Meadow’s leverage points are 
an epistemological shift from tradition-al 
complexity theory that prioritizes posi-
tivism to one that is one more normative 
where it meets most clearly the concept 

ty Th



26

. Leverage point xxviii

. The two feedback
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of power. Power itself can, and often, at-
tempts to stabilize a system to either strat-
egize self-reinforcing feedback, promoting 
the status quo, or alternatively checking it-
self through, self-correction, or reflexivity, 
with the goal to move back to homeosta-
sis again. Power seems to be what allows 
someone to take advantage of a leverage 
point for Meadows.xxvii Leverage points are 
where a small shift in one thing can pro-
duce big changes in everything. Leverage 
points are mobilized through power and 
the more power, the easier to take advan-
tage of a leverage point and vice versa. A 
low leverage point causes a small change in 
system behavior with just a small amount 
of change force. High leverage points only 
need a small amount of power to create a 
large change in system behavior (See Fig-
ure 5). To illustrate, in the women’s rights 
movement took many decades of rallies, 
demonstrations, speeches, legislative lob-
bying, discussions, as well as new laws and 
amendment for a systemic change for a low 
leverage point power to was applied con-
sistently overtime. We argue that there are 
tensions at the political-economic level, the 
cultural level (e.g., media); and the psycho-
logical level (senses, needs). Feedback re-
lationships seek equilibrium. When it goes 
out of equilibrium, typically the reinforcing 
feedback becomes dominant, thus creating 
a discrepancy or an equilibrium gap. A bal-
ancing loop brings the system back toward 
equilibrium, or dynamic tension (See Fig-
ure 4). 

Karvonen (2011) finds, for example, 
that when the municipal government op
ens up to alternative voices, “a feedback 
loop, with residents serving as a check on 
municipal government activities” is created

. Ultimately, community engagement 
is about dialogue and mutual choice.  Citizens 
share their collective voices on government 
matters. Citizens’ voices are a positive, re-

inforcing feedback loop between residents 
and local government. When these voices 
are incorporated, they turn into a negative 
or reinforcing feedback loop to maintain a 
status quo, the status quo can be constrict-
ing without constant feedback, and, Easton 
notes, create instability in a system when 
demands are not met. As a result city of-
ficials, lose power. Positive, or reinforcing 
feedback, allows for needed adjustments 
and new states of equilibrium.

The Macro Level: The Political-Eco-
nomic Element 

Community systemic power is related 
to socioeconomic factors. As Stone 
notes, as resources go dry, govern-

ments turn to business “because govern-
ments are drawn by nature of underlying 
economic and revenue-producing condi-
tions to serve those interests . . .” (Davies, 
2010, p. 75). Stone (1993) describes de-
velopment regimes: for example, attempts 
to expand the city. Easton agrees these 
regimes require large amounts of resourc-
es and therefore often engage the system-
ic power of the community’s businesses. 
Gendron and Domhoff (2009, p.198) cri-
tique Stone’s insistence there is an unsaid 
deference to business for external reasons, 
but business is constantly exerting pow-
er for an advantageous position.xxix  Both 
may be correct, as there is both deference 
to business and a continued positioning 
by the elite. Both forms of feedback are a 
response to the environment to maintain 
the status quo.  These powers apply con-
stant pressure with low leverage points to 
keep equilibrium for a systemic advantage 
preventing reinforcing feedbacks as much 
as possible.
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While  dominates in 
socioeconomics, there are also 
many examples of , such 

as protests, alternative campaigns, and oth-
er forms of resistance. Specifically, power to 
transitions from  the  to act 
(Stone, 1980). Meadows (1999) contends 
that growth is a positive feedback loop as 
a large, profit-making corporation, it is an 
example of how such feedback loops “in so-
ciety reward the winners of the competition 
with the resources to win even bigger next 
time. “Rich people collect interest; poor peo-
ple pay it” (p. 12). In 2012, activists gath-
ered outside Target’s shareholder meeting to 
challenge the company’s decision to make 
political donations through Super PACs, a 
practice Target had embraced in the 2010 
election. Target had given $150,000 in 2010 
to a Minnesota organization supporting a 
candidate who opposed gay marriage. This 
triggered protests from gay rights groups, 
and Target apologized. This protest was an 
example of a high leverage point. Mead-
ows (1999) contends that negative feedback 
loops can create weakened loops. Meadows 
(1999) provides an example of the Toxic Re-
lease Inventory, which required factories to 
report their yearly emissions. With the re-
porting, emissions dropped 40%. Citizen 
outrage was a form of negative feedback that 
pushed chemical companies to do all they 
could to “get off the list” (Meadows, 1999, 
p. 13).

Fighting city hall with balancing 
feedback sometimes works. Citizens in Sac-
ramento swayed their city council to deny 
a permit to build a McDonald's franchise 
(Croker, 2012). In this way, power was ex-
ercised as mutual choice. , positive, 
or reinforcing feedback, created new possi-
bilities with input from the public. It created 
increased stability in the system, increasing 

order on the same path, thus creating a con-
stricted future, or output. 

The Meso Level: The Cultural Ele-
ment 

For nearly 70 years, urban sociology 
has noted the importance of culture 
for understanding the urban environ-

ment (Firey, 1945), as well as the importance 
of identity, community life, and organiza-
tion (Borer, 2006; Small, 2004). There are, 
however, few studies that have examined the 
complexities of how power and culture are 
related. Marxist theories leave little space 
for personal agency, and the growth ma-
chine theory constructs tend to underrate 
the norms and expectations that produce 
the cultural contexts in which development 
politics actually happens. Vaughan (1998 
argues city governments and other en
are characterized as part of the growth 
machine function under socially entrenched 
“cultures of production”  These are 
the “in-stitutionalized cultural belief systems 
that shaped interpretation, meaning and 
action at the local level.”xxx In cities where 
these cultural beliefs are formalized through 
the vote, culture influences local-growth 
de-cision-making, such as tax rates, 
planning principles, property values, or even 
who to talk with to get problems solved. 

For this second analytical level, 
Stone (1980) describes the intergroup level: 
“when situational and indirect elements of 
power are put together in the political 
context, the combination brings to light 
the situational dependency of official 
decision makers on one set of participants 
that prevents other participants from having 
an equal chance to further their interests 
through the political proces ” 
We suggest that this 
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priately the, societal and cultural,xxxi is 
underdeveloped in Stone’s regime. This ele-
ment is related to the first socioeconomic el-
ement and the third psychological element, 
but this aspect of systemic power is related to 
society itself, the whole of a community or it 
relates to culture. On the local level, the con-
cept might be made up of all the ways of city 
life, or even the culture of a neighborhood in 
which people live.

On the meso level, the concept of 
power to is a reaction to changes in 
cultural aspects of life, such as iden-

tity, community life, and organizations. For 
example, when police officers in a Chicago 
suburb reported that their superiors actual-
ly encouraged them to stop minorities while 
driving and use race as a heuristic to fight 
crime, the feedback from the public outcry 
made them stop (Ross  Levine, 2012).  In 
this case, racial stereotyping kept a status quo 
that ignored today’s realities, or inputs and 
maintained a balancing feedback through 

. However,  with a low 
leverage point through a reaction against 
stereotyping, instead pushed for a new equi-
librium, but nothing revolutionary.

The Micro Level:The Psychological 
Element

Stone (1980) explains that power itself 
is most commonly seen as a conflicted 
relationship, where direct conflict is vis-

ible and objective on the macro level. Power 
is most often observable through competi-
tion between formal decision-making bod-
ies or in other public spaces. Stone (1989) 
notes further: if “A, by getting B to do x 
makes it unlikely that C can get B to do y, 

then there is a conflict relationship, but it is 
indirect because A and C are not competing 
directly with one another xxxii  C may 
have an item excluded from a city council 
agenda, for example, not because C is 
necessarily a threat, but often because limited 
space on the agenda taken by B.  Excluding 
agenda items often happens, but not 
necessarily through visible conflict . City 
officials are lim-ited in their ability to process 
informational inputs, which Simon (1997) 
and others call  They are 
deficient either in ability or resources to arrive 
at an optimal solution. Only after these 
officials have simplified their choices do they 
apply rationality. These decision makers are 
what Simon calls , who seek to find a 
satisfactory solution which may satisfy some 
criteria while sacrificing others. This may not 
be the optimal solution. Simon’s under
standing diverges from other economic 
models, which suggest that, for the most 
part, people are “rational” on the average, 
when they can take complex information, and 
act according to their individual preferences. 
Simon’s bounded rationality approach, how
ever, revises this assumption to account for 
the fact that rational decision-making is not 
always applied because of the limited mental 
resources available for making those decisions. 
When the environment is ambiguous, 
multifaceted information from various sources 
can be confusing. Bounded rationality may 
create “misperceptions of feedback” where 
individuals are more likely not to make 
necessary decisions about their environment 
(Kampmann  Sterman, 1998). Individuals 
must find ways around complexity.xxxiii

Stone (1980) notes that systemic 
power is positional. Business, for example, 
has control over resources and investment 
decisions. It does not necessarily have to act 
in order to be taken in account; it is mere-
ly the nature of “logic” in a given situation. 
Stone does not fully develop this concept. 
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For example, a mayor typically identifies 
psychologically with the institutional elite 
rather than the average citizen; therefore, 
the mayor will anticipate the elite’s reactions 
to initiatives even before either approval or 
criticism, as decisions must be made within 
time constraints, with only the available in-
formation. Public officials often “find them-
selves rewarded for cooperating with up-
per-strata interests and unrewarded or even 
penalize for cooperating with lower-strata 
interests” (p. 164).xxxiv Input information, 
acting as negative feedback, is often readily 
available to the elite, who are well organized 
as a result. The opposing side is often un-
organized. An asymmetrical informational 
information feedback loop results.

As Dewey (1991) argues, all logical 
reasoning is preceded by “more 
unconscious and tentative 
  results from individuals 

challenging the taken-for-granted “logic” 
of a situation, as defined by an individual 
in a social setting, challenging those in the 

 position. The “logic of a 
situation” can be the current paradigm or 
worldview (Kuhn, 2012). When there is 
a deviation from the normal order, a 
paradigm shifts as the old worldview is 
questioned and later supplanted.  
is often the feedback mechanism where 
the logic of a situation is questioned.

Fine (2011), for example, argues that 
both the Tea Party and Occupy Wall Street 
movements each psychologically frame 
xxxv injustice in their own way, challenging 
those they perceive as the “enemy.”xxxvi In 
this way, the Tea Party provides a balancing 
feedback to its opponents with low leverage 
points, needing constant power to. 

White’s (1999) emphases on Follett’s 
 values of fairness and equity can 

help create a sense of empowerment to or-
dinary people. Rosenthal and Tao (2007), 
for example, find that the outcome of the 
mayoral election in Rogers, Arkansas, had 
less to do with the norms of economics and 
more with the culture of the small town. 
Therefore, while mayors are “rewarded for 
cooperating with upper-strata interests,” 
lower-strata interests, may be in the ma-
jority (Dahl, 2006)  In a small town with 
few large economic interests, mayors are 
evaluated more by their personalities and 
whether they fit the town’s cultural norms 
(Rosenthal  Tao, 2007). With limited 
rationality in a complex world, people use 
heuristics as a way to make decisions, rather 
than take in the multifaceted world as a 
whole. “We need not fear for positive feed-
back systems, for all their unpredictability; 
their unpredictability may be a survival ad-
vantage” (Eve, Horsfall,  Lee, 1997).xxxvii

Conclusion

In the discussion above, we define sys-
temic power in terms of complexity the-
ory where three analytic levels exhibit 

feedback loops between the twin aspects 
of  (reinforcing or positive feed-
back),  and , (balancing or nega-
tive feedback). Each brings about changes 
in its environment with leverage points to 
maintain feedback loop balance. Because 
of power imbalances, the result is a rela-
tionship where one faction is advantaged 
over another faction.  When disturbances 
in the environment create perceived injus-
tices in society, those with  are 
challenged by those who do not have pow-
er individually.  The less powerful organize, 
with  in a positive feedback loop, 
affecting the power dynamics. Systems the-
ory attempts to show how minute catalytic 
events can produce considerable changes 
in complex systems. Awareness of feedback 
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shows how changes in a single isolated area 
of a system can influence the entire system. 
Organizational communication at all levels 
is necessary to circumvent the silo effect.

Systemic power possesses both con-
scious and unconscious aspects on multiple 
levels of analysis, making analysis difficult. 
In political systems, inputs, or demands 
and support, are transformed into outputs, 
or decisions, policies, and laws. In order for 
city officials to remain in office, they must 
respond to their constituents’ demands. On 
the macro level, this means that elites and 
city officials support economic outputs that 
keep them wealthy and in office. On the 
meso level, this means culture keeps a power 
stasis in the community, especially by citi-
zens electing people like themselves, and us-
ing racial stereotyping in law enforcement. 
On the micro level of analysis, psycholog-
ical factors must be dealt with in terms of 
possibly limited rationality. City officials are 
limited in their knowledge and ability to 
process inputs. They make judgments based 
on values, which are heuristics in decision 
making. 

On all these levels, these inputs must 
be kept in stasis with outcomes by being 
aware of the state of mind of supporters as 
well as the effects of previous outputs. If this 
does not happen, the political system may 
unravel.

Information, or feedback, supplies 
complex policy changes to the system, 
which allows it to change its behavior. This 
feedback is both r, and  
and may result in significant or incremen-
tal policy changes. The formative theories of 
community power fall short and we provide 
a more comprehensive three-legged stool 
than Stone to account for systemic power, 
thus nudging the theory forward. Complex-
ity scholars such as Walby (2003), argue that 
we must study how to reframe inquiries of 
diversity and change to understand how 

they are really complex systems. This paper 
opens up with inquiry into systemic power. 
We do this by analyzing systemic power to 
reveal it as a complex system. The three lev-
els—micro (psychological), meso (cultural), 
and macro (economic)—are complementa-
ry, but theoretically distinct. They are com-
plementary through feedback mechanisms 
as discussed in this paper, displaying both 
resilience and complexity. Their respec-
tive feedback mechanisms are interlinked, 
which often makes it difficult for research-
ers to clarify these different analytical levels.  
The clarification of these levels is a theoret-
ical tool to differentiate these three levels of 
generalization (or abstraction) in order to 
understand highly complex problems.

More specifically, these three ele-
ments have complex aspects of 
and , even though the former type 
of power relation predominates over the 
latter. We believe that systemic power liter-
ature has fallen short not only in incorpo-
rating the concept of , but in com-
prehending and complexity of such a theory 
with both of its psychological conscious and 
unconscious aspects. 

From the perspective of complexity 
theory, power’s global behavior is steered 
by local interactions between A and B, or 
the elements themselves within the system. 
Policy systems are interdependent and com-
plex and what the elite or activists do or do 
not do, reverberates into the system even as 
dominance in society’s culture is interpreted 
by most people as a “normal state of affairs.” 
At a systemic level, this creates  re-
actions due to perceptions of illegitimacy in 
the system by activists. Negative feedback, 
or , is often associated with gov-
ernmental organization that is single-loop 
and has high “unilateral control over others" 
(Argyris, 1976. p. 368). Positive feedback 
adds a second loop and therefore more in-
formation, giving a voice to those who ordi-
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narily do not have one. Having both positive 
and negative feedback helps create homeo-
stasis. 

Policy researchers, through aware-
ness of the complementary nature of these 
levels, can potentially forge new interdisci-
plinary, international, and even intergener-
ational collaborations to create more robust 
policy directions in exploring to the com-
plexity of community power structure.
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Endnotes
i Something is “complex” if it “made of 
(usually several) closely connected parts.” 
A basic duality between parts which are at 
the same time distinct and connected. Ox-
ford Dictionary. http://pespmc1.vub.ac.be/
COMPLEXI.html
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ii While Cybernetics is more bottom up, in-
versely, complexity theory is more top down.  
iii “Feedback loops are abstract patterns of 
relationships embedded in physical struc-
tures or in the activities of living organ-
isms” (Capra 1996: 64).
iv All of this is a complex system as it is an 
arrangement of a multifaceted structure 
of interconnected elements (Potts, 2000). 
Therefore, Stone asserts, “interdependence 
becomes a central fact” (Stone, 1980, p.978).
v“Systemic power therefore has to do with 
the impact of the larger socioeconomic 
system on the predispositions of public of-
ficials” (p. 979).
vi A  approach emphasizes empathy 
and interdependence among a coalition 
to either create working relationships (i.e. 
Stone) or also a way to challenge the cur-
rent power over thinking because not all 
activists interpret this  as largely 
illegitimate.
vii “To simplify drastically, the paradigm of 
order was founded on four golden rules: • 
Order: given causes lead to known effects 
at all times and places. 

• Reductionism: the behavior of a system
could be understood, clockwork fashion, 
by observing the behavior of its parts. 
There are no hidden surprises; 
the whole is the sum of the parts, no 
more and no less. 
• Predictability: once global behavior is
defined, the future course of events 
could be predicted by application of the 
appropriate inputs to the model. 
• Determinism: processes flow along
orderly and predictable paths that have 
clear beginnings and rational Ge
yer, Robert. . 1  

“Europeanisation, Complexity, and the 
British Welfare State.” Paper presented to 

the UACES/ESRC Study Group on The Eu-
ropeanisation of British Politics and Poli-
cy-Making, Department of Politics, Uni-
versity of Sheffield, September 19, 2003. 
http://aei.pitt.edu/1719/1/Geyer.pdf
viii In addition, it is dissipative as energy is 
exchanged to maintain stabilization, and 
capable of evolution through its adaptabil-
ity – often called Complex Adaptive Sys-
tems (CAS).
ix Power is derived from the Latin , 
which means “to be able,”rooted in a con-
cept that means the general capacity to 
shape one’s life or to have at its root “con-
trol, influence or authority over others.” See 

 (1996).
x First Face, asks: “Who, if anyone, is exer-
cising power?” This first face reflects the 
linear, or order paradigm, similar to the 
order paradigm’s “known cause leads to a 
rational end” (Geyer and Rihani, 2012: 13). 
Therefore, it follows that with Dahl’s no-
tion of power, under a pluralist system, we 
can reduce power, in order to identify, who 
rules - as if “power” itself were a watch, 
its pieces, or constituent parts, are merely 
equal to the whole, nothing more, nothing 
less.
xi Second Face, asks: “What issues have been 
mobilized off the agenda and by whom?”
xiiSo, not only is A affecting B, but power 
is also occurring when “A devotes his en-
ergies to creating or reinforcing social and 
political values and institutional practices 
that limit the scope of the political process 
to public consideration of only those issues 
which are comparatively innocuous to A to 
this extent A succeeds in doing this, B is 
stopped from bringing forward any issues 
that might seriously counter to A's set of 
preferences, according to Bachrach and 
Baratz. 
xiii Third Face, asks: “Whose objective inter-
ests are being harmed?” Lukes furthermore 
argues “power could be exerted even if B 
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consciously wants to do what A desires” 
(Digeser, 1992:979). Therefore, if B acts 
against his/her interests, then power is be-
ing exercised. Geyer and Rihani (2012: 29) 
argue that these values and norms are a 
part of a unique set of human experiences 
coupled with countless collective interac-
tions, producing “complex interpretative 
outcomes.” Likewise, Lukes (2005) tells 
the story of power conceptually, a story 
not moving in an orderly, largely predeter-
mined direction, but rather unpredictably, 
and wholly indeterministically
xiv “A may influence the behavior zof B be-
cause B is fearful of the reactions of A to a 
given course of conduct; or B may be ac-
commodating to A because B wants to stay 
in the good graces of A for future advan-
tage” (Stone, 1980: 979). Systemic Power 
has positive and negative elements and may 
or may not have elites purposively manip-
ulating the system, but nevertheless, the 
outcome is a system where power is asym-
metric among people, creating advantages 
and disadvantages, which are outputs of a 
system of policy decisions.
xv Similarly, Meadows (2008) notes that 
these inputs, or “agents” move through a 
black box and turn into outcomes, or are 
emergent.
xvi Many scholars have criticized Dahl’s plu-
ralist conception, or non-conception of 
power, as it fails to challenge domination 
in society, or what is called the power over 
conception (Domhoff , 2005; Imbroscio, 
2010). Stone (1980) points out that power 
is often defined in terms of how it acts in 
an overt and purposive ways among peo-
ple. He argues, however, that power re-
lationships are more complex than what 
can be observed. Power itself, is not as in-
terpersonal as Foucault (1980) and others 
observe, but intergroup with interrelations 
between strata and classes. Power is not 
only intentional, but contextual, as it is a 

matter of “logic,” or nature of the situation. 
xviiFeedback itself is an abstraction (Biggs 
2003), essentially a mental construct, rep-
resenting multiple conceptual levels (Eve, 
Horsfall, and Lee 1997).
xviii “The casual link is defined as negative 
if B changes in the opposite direction, de-
creasing if A increases and increasing if A 
decreases.”
xix Savas (1970) finds that the word cyber-
netics derives from the Greek for steers-
man, governor, pilot, or rudder, which is 
the same root as government Dobuzinskis 
(1987) argues that Cybernetics is the study 
of systems that are self-organizing. This sys-
tem, he argues, moves past the issues of the 
"first cybernetics,” which the science and 
politics and science of control to that of the 
self-organizing capabilities and autonomy 
of complex systems. Chapter 4: Strategic & 
Systemic. Retrieved from http://www.mft-
license.com/pdf/sg_chpt4.pdf
xx Deviation Amplification. 
xxi “The concept of feedback opens up the 
idea that a system can cause its own behav-
ior.” Meadows (2008, 19%). 
xxii Feedback itself is an abstraction (Biggs 
2003). Systems thinking focuses on the 
feedback identification of processes and dy-
namics influencing system behavior. Easton 
and Deutsch, for example, were early social 
science proponents of applying feedback to 
social theory (Richardson, 1999). Easton’s 
central question is “what keeps a political 
system in power? Feedback plays a vital 
role” (Richardson, 1999:205). He argues 
that there is a constant current of influenc-
es, or also known as, inputs from the polit-
ical system itself into and throughout the 
environment. Influences, he continues, are 
divided between two types: 1) support and 
2) demands (Figure 4). In political systems,
demands and support (inputs) are convert-
ed into the outputs, or administrative de-
cisions, policies, political favors, and laws. 
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These outputs placate demands and inspire 
support. In order to stay in power, city of-
ficials and administrators must respond to 
constituent demands and gauge their sup-
port and to keep these inputs, or demands 
and support in stasis with outcomes by keep-
ing in touch with the current state of mind of 
their support as well as the effects of previous 
outputs, or ordinances passed, otherwise, the 
political system would fail.
xxiii We see tensions at the 1)pysch (senses; 
needs); 2) cultural (media); & 3) pol-ec lev-
el. Feedback relationship seeks equilibrium, 
when it goes out of equilibrium, it greats a 
discrepancy or an equilibrium gap.
xxiv From: Bateson, G., 1978, 'Afterword', In 
J. Brockman (Ed.) About Bateson, London: 
Wildwood House pp. 244-245
xxv A difference is a very peculiar and obscure 
concept. It is certainly not a thing or an event. 
This piece of paper is different than the wood 
of this lectern. There are many differences 
between them - of colour, texture, shape, 
etc... Of this infinitude, we select a very lim-
ited number which become information. In 
fact, what we mean by information - the ele-
mentary unit of information - is a difference 
which makes a difference (pp.457-459). Re-
trieved from http://plato.acadiau.ca/courses/
educ/reid/papers/PME25-WS4/SEM.html.
xxvi "Do you ask what it's made of - earth, fire, 
water etc?" Or do you ask, "What is its pat-
tern?" (p.455)
"What is it in the territory that gets onto the 
map?" We know the territory does not get 
onto the map. That is the central point about 
which we here are all agreed. Now, if the ter-
ritory were uniform, nothing would get onto 
the map except its boundaries, which are 
the points at which it ceases to be uniform 
against some larger matrix. What gets onto 
the map, in fact, is difference, be it a differ-
ence in altitude, a difference in vegetation, a 
difference in population structure, difference 
in surface, or whatever. Differences are the 

things that get onto a map.
xxvii Meadows (1999) points to two relevant 
leverage points to this discussion, her 7th is 
that of driving positive feedback loops and 
her 8th is regulating negative feedback loops.
xxviii Leverage Point (2014). Retrieved from 
http://thwink.org/sustain/glossary/Lever-
agePoint.htm. 
xxix And, Marxism, in balance, maybe correct 
that while there may not be a cohesive elite, 
they are constantly striving to make money 
even if not coordinated, but “imbedded in 
the day-to-day workings of capitalism” (Da-
vies, 2010: 76).
xxx Likewise, she further notes that there are 
also what she calls “cultural rules,” influenc-
ing everyone from organizations to that of 
individuals, “defining legitimate goals for 
them to pursue and, therefore, affecting ac-
tion and meaning at the local level” (p. 32).
xxxi Culture is different than society; culture 
is an outcome of society itself, but both are 
essentially linked.
xxxii Stone adds that in this way, "A gets B to 
do what B would not otherwise have done" 
(p. 980), or the  relationship. 
Conversely, if there is no objective threat or 
“implicit threat” to sanction, instead, partic-
ipants have an asymmetrical prospect to fur-
ther their interests. Simply, A has a superior 
ability to attain their objectives than C has. 
But, the A and C have only an indirect com-
petition to obtain their objectives.
xxxiiiFor some, like Adorno (1981), rationality 
in systemic power networks are expressed in 
the negative dialectical unfolding of history, 
which require an emancipation from the sys-
tem of capitalism itself, or a breaking of the 
spell. Thus, Adorno thinks that awareness of 
the possibility of change is required for an 
emancipatory project. However, Forrester 
(1993) from the Frankfurt school asks, what 
is “bounded?” Is it natural as Simon pur-
ports, or expressions of power, which can 
lead to the feedback of a p  response? 
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xxxiv Historically, this difference in America 
is more tolerated than in most places world-
wide (Collins, 2012). For example, in a study 
in 2011,  found that highest one percent of 
households gained about 275 percent of the 
economic benefits after federal taxes over 
the course of nearly 30 years, from 1979 
to 2007 (CBO, 2011). In contrast to the 60 
percent in the middle of America's income 
distribution who a gained not even 40 per-
cent in the same period. The CBO study 
(2011) also concluded that since while tax-
es claim a greater share of income as peo-
ple's income climb and transfers boost in-
come for households of the lower-income 
bracket, lower incomes gain a more equal 
footing. However, in 2007, while federal 
taxes and transfers reduced this disparity 
of income by 20 percent, this equalizing 
effect was larger in 1979. Even though the 
top 1 percent made the largest gains, at the 
same time, only 42 percent of Americans 
view that inequality has increased in the 
previous 10 years (Stiglitz, 2012). He de-
scribed another study in which those stud-
ied a majority said the population’s top 5th 
of the income distribution had nearly of 
60 percent of the wealth, in reality the top 
5th holds roughly 85 percent of the wealth. 
Ideally, these respondents wanted the top 
5th to have only 30 percent of the wealth, 
therefore, they recognize the inevitability 
of some inequality, but the reality is well 
beyond not only their ideals, but the harsh 
reality. While in recent years, it seems that 
Americans are starting to question the 
large difference between rich and poor 
during tough economic times (See Norton 
& Ariely, 2011), at the same time, they are 
often opposed to policies to deal with this 
inequality (Bartels, 2005).
xxxv Lakoff ’s (2004) who gives credence to 
the power of framing.
xxxvi Ryan and Gamson (2006:14) articulate 
how injustice frames are used to conscious-

ly and unconsciously mobilize people as 
they hold a “coherent set of symbols, im-
ages, and arguments, linking them through 
an underlying organizing idea that suggests 
what is essential – what consequences and 
values are at stake.”
xxxvii “Jung felt that there were two kinds of 
dynamics operating in the psyche: cyclical 
and developmental. The cyclical processes 
Van Eenwyk (1997) refers to as the syn-
chronic aspects of individuation, which 
he tells us “constantly repeat themselves 
through the establishment of the tension of 
opposites, their resolution and the subse-
quent appearance of new tensions between 
the resolution and new possibilities” (p. 
16).”
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Islamic Development Thinking After the Global Finan-
cial Crisis: Shaking the “Consensus” or Mimicking It
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1. Introduction

Islamic development thinking claims to 
be distinct from the traditional IMF/
World Bank dominated discourse on 

development. Many of its proponents see 
themselves as developing a direct challenge 
to the former “Washington consensus” on 
development and base this challenge on Is-
lam’s religious and ethical foundations. In 
particular, with regards to finance and the 
Islamic prohibition against interest, an en-
tire sector of Islamic financial institutions 
has emerged to help fulfil this need. In 
many ways, this sector is the main existing 
challenger to the dominance of the neo-lib-
eral global financial model.

Despite these claims and the devel-
opment of a very diverse Islamic banking 

sector, Islamic development thinking is still 
tightly wedded to, and constrained by, the 
traditional IMF/World Bank model. In par-
ticular, though there are a plethora of de-
bates, many of the more rigid and orderly 
aspects of the traditional IMF/World Bank 
model are reproduced within the core of the 
Islamic development model. For example, 
just as the “Washington consensus” claimed, 
follow our simple rules (called “structural 
adjustments” at the time) and appropriate 
“Western” development will occur; some 
Islamic development thinkers now claim 
that if Islamic countries follow their simple 
rules then appropriate “Islamic” develop-
ment will occur. In essence, some Islamic 
development thinkers are mimicking the 
rigid and inflexible biases of the traditional 
IMF/World Bank framework. This implies 
that despite their different ethical/religious 
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foundation, these policies could be leading 
to the same weaknesses that were seen un-
der the earlier “consensus.”

To argue these points we will first 
briefly review the development of the 
over-prescriptive and rigid bias in main-
stream Western development thinking and 
the subsequent “Washington consensus,” 
then chart the development of Islamic de-
velopment thinking before evaluating to 
what degree Islamic financial thinking is 
mimicking the earlier Western thinking. 
Subsequently, we will take a brief look at the 
variety of and tensions with two national Is-
lamic financial systems (Malaysia and Iran) 
and then look at recent initiatives to create a 
more unified Islamic finance system. Finally, 
we will conclude with a brief discussion of 
the core tensions that inhibit the develop-
ment of an Islamic finance system and argue 
that if Islamic development and financial 
thinkers are to avoid repeating the mistakes 
of the past “consensus” they need to fully 
recognize these tensions and that they will 
be a part of the creation of some form of in-
ternational Islamic financial system for the 
foreseeable future. 

Order and the Washington Consen-
sus

As is well known, the core of post-
WWII development thinking was 
based on a deterministic and pos-

itivistic vision of linear development epit-
omized by the work of Walter Rostow. For 
Rostow (1990), despite various caveats and 
a recognition of the complicated nature of 
economic development, the development 
process had an underlying clear orderly 
progression with an identifiable endpoint 
(mass consumption society), “the process 
of development now going forward in Asia, 
the Middle East, Africa and Latin America 
as analogous to the stages of preconditions 

and take-offs in other societies” (p. 139). The 
key to development was to analyze where a 
particular country was on the development 
ladder, apply appropriate policies and tech-
nology (borrowed from the successful de-
velopment of advanced countries) and im-
plement them with the help of the advanced 
societies. With these tools development 
could be controlled and even accelerated. In 
all of this, the role of the developing society, 
and local actors, was fundamentally passive. 

Despite substantial debate and ac-
ademic criticism (Rostow, 1963), Rostow’s 
vision distils the core thinking behind the 
dominant post-WWII approach to inter-
national development and the subsequent 
“Washington consensus.” The consensus it-
self, emerging in the 1970s and 1980s during 
the global debt crisis merely took Rostow’s 
basic ideas and applied them to the current 
context. At that time, heavily indebted devel-
oping countries needed to be “structurally 
adjusted” in order to accelerate their devel-
opment rate. This recipe, including reduced 
state expenditure, balanced state budgets, 
privatized state industries, and opening up 
to international trade (George, 1991; Kosak, 
Ranis, & Vreeland, 2005), was applied to a 
wide range of countries and was justly criti-
cized for its poor outcomes, inflexibility, and 
hypocrisy (Easterly, 2006). As pointed out 
by Ha-Joon Chang (2007), this free market 
goal/vision upheld by the IMF/World Bank 
and backed by major Western powers re-
flected neither the reality of advanced indus-
trial states (who maintained extensive state 
sectors, used Keynesian economic strategies 
and had large state supported social ser-
vices), nor the means which the advanced 
countries attained their wealth and position.  

Moreover, as argued by Easterly 
(2007) despite changing circumstances and 
a great deal of criticism, the core strategies 
of the main development agencies had hard-
ly changed since the 1950s. In this regard, 
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one of the key criticisms is that a uniform 
and detailed developmental plan could nev-
er capture and reasonably respond to the 
normal diversity, variety, and complexity 
of human development. This emphasis on 
complexity and the limits of controlling and 
directing development has recently been ex-
plored by a number of authors inspired by 
complexity and systems theories (Gaddis 
2002; Geyer & Rihani, 2010; Ramalingam, 
Jones, Reba & Young, 2008; Rihani 2002).

From this perspective, the develop-
ment process is seen as a complex adaptive 
process and nation-states and their citizens 
as complex adaptive actors: 

Some global patterns are predictable, 
but in the main useful interventions are 
restricted to enabling interactions…
that produce self-organised stable pat-
terns in preference to either order or 
chaos. Local freedom of action, learn-
ing, flexibility are variety are vitally 
important…Management of Complex 
Adaptive Systems is, therefore, a reit-
erative process that relies on slow, and 
uncertain, evolution. (Rihani, 2002, p. 
9)

This complexity approach recog-
nizes that within complex systems there is 
always a tension between the maintenance 
of a fundamental order (basic laws, core 
social norms, bounded communities) and 
the degree of freedom to interact, think, 
and develop within that fundamental order. 
Societies can suffer from stultifying politi-
cal and social rules and norms that block a 
given societies “creative complexity” (pro-
visions against education for women, class, 
caste, religion or race restrictions, authori-
tarian regimes, are just a few of the myriad 
of examples). At the same time, other soci-
eties can be crippled by rampant disorder 
as demonstrated by the horrors that occur 

during wartime, civil war, or violent social/
political strife. In both of these cases, a so-
ciety’s ability to self-organize is significantly 
inhibited and its ability to learn, adapt, and 
evolve crippled. In these cases, an externally 
imposed development plan that bears little 
relation to the particular situation of the 
country and the variable situations of the 
local population is at best useless. In fact, as 
Geyer and Rihani (2010) argue, most devel-
oping countries, 

are at the mercy of a global system that 
insists on compliance with universal 
norms that perceive any deviation as a 
challenge that should be nipped in the 
bud. The dominance of the neo-liber-
al economic model, at least up to the 
so-called credit crunch of 2008-09, has 
been possibly the most significant ob-
stacle to healthy diversity and, hence, 
development. (Geyer & Rihani 2010, p. 
143)

Given this perspective, has Islamic develop-
ment thinking and the Islamic banking sec-
tor responded to this complexity challenge?

Islamic Development Thinking: 
Drifting Towards a Financial Islam-
ic “Washington Consensus?”

Development” is a relatively new 
term in Islamic socioeconomic 
discourse, with the Arabic word 

“ ” being used in direct translation. 
However, the meaning of  in Islam 
requires a more holistic understanding than 
that of the endless progression suggested in 
Western theories (Elmessiri, 1997; Kroes-
sin, 2011). Islam is a metaphysical ontology 
that encourages the pursuit of a righteous 
existence through belief in the oneness of 
God ( ) who is the embodiment of 
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perfection. As a result of this, human be-
ings are to see themselves as the vicegerent 
of God on earth or  made in God’s 
image (Nasr, 1966, pp. 15-38), to be contin-
uously judged by their actions hereafter. It 
is both the recognition of this metaphysical 
relationship and the responsibility placed 
upon the individual Muslim to act accord-
ingly that is said to stimulate ethical practice 
and promote societal welfare ( ) 
throughout the  (community), thus 
proposing the maintenance and rejuvena-
tion of society through its working together 
( ), rather than a linear progression 
towards an ultimate society.

In contrast to the certainty that is 
expressed in the , a degree of uncer-
tainty does however exist due to the nature 
in which the implementation of a religious 
system relies upon the actions of human-
kind. For example, in view of global chang-
es Islamic scholars ( ) have sought 
new evaluations of life and in doing so have 
looked towards interpretation ( ) as a 
critical means of maintaining or promoting 
societal welfare (Ahmad, 2006).1 Obviously, 
this is not a perfect process as demonstrated 
by the various schools of thought that have 
emerged over Islamic development. In fact, 
the divergent nature of Islamic interpreta-
tions and sects immediately implies a diver-
sity in Islamic development thought that is 
arguably a key to healthy development of Is-
lam.

In the view of Western development, 
Islam has been accused of being an impedi-
ment to growth due to the use of invocation 
of the  in responding to conditions 
affecting Muslim societies (Lewis, 2002). 
However, these arguments not only over-
simplify the West’s interaction with regions 
of predominately Muslim faith, but also 
misunderstand the way in which the Islam-
ic response over the past few centuries has 
shown itself to be a by-product of Western 

dominance. For example, Muslim scholar 
and economist Muhammad Baqir Al-Sa-
dr (1935–1980)—mirroring the words of 
various Western critics of the "Washington 
consensus" questioned the methods used by 
Western states, which sought to impose 

…the life-style of the European man as
a leading practice and to mark out the 
steps of this practice in order to build 
up a perfect and complete economy ca-
pable of raising the backward Islamic 
countries to the level of the modern Eu-
ropean nations. (Al-Sadr, 1982, p. xix)  

Such uncertainty has therefore led 
to an expansion in practices seeking to find 
Islamic solutions to an appropriate way 
of life. Similarly to Western prescriptions 
though, many have failed to ascertain the 
complex manner in which society adapts or 
evolves. For example, at one end of the Is-
lamic revivalist spectrum fundamentalism 
(epitomized by the  or ) ad-
vocates a return to a way of life evident in 
the early centuries of Islam (Kroessin, 2011). 
At the other end, nineteenth and twentieth 
century scholars such as Jamal al-Din al-Af-
ghani (1838–1897), Muhammad Abduh 
(1849–1905), Sayyid Abul Aala Maududi 
(1903–1979), and Sayyid Qutb (1906–1966) 
have sought to utilize Western theory, using 
socialist and democratic idioms in conjunc-
tion with Islam as a solution to societal ills. 
In the formers case, the  could be ob-
tained via the imposition of archaic societal 
structures based on inaccurate assumptions 
that reject interaction (internally and exter-
nally) and ultimately deny the possibility to 
adapt. However, even in the more adaptive 
latter trend there are elements of constrain-
ing positivist and linear thinking. As Tripp 
(2006) writes, “…many believed that the 
proper ends of society could be rationally 
discovered” (p. 74). 



46

In keeping with this positivist trend 
in Islam, Warde has identified a conver-
gence between the principles of Islamic eco-
nomics and the neo-liberal Western model. 
For him, the growing influence of liberal 
orientated education upon Muslim scholars 
has created a process whereby the justifying 
of “private property, free enterprise and the 
sanctity of contracts in Islamic terms has 
enabled the ushering in of privatisation and 
deregulation” (Warde, 2005, p. 47). From a 
developmental perspective, this implies that 
despite the appealing nature of an Islamic 
response based on rejuvenation of the com-
munity, and a general recognition that there 
was no quick fix or short cut to “…reach 
the desired level of economic development 
more quickly” (Al-Sadr, 1982, p. xxi), Islam-
ic thinkers (and states) have increasingly 
acquiesced and conformed to the same de-
terministic methods evident in the current 
political-economic paradigm. 

This has resulted in an inability to 
adapt to the real economic landscape and 
a failure to find solutions to poverty with-
in countries of Islamic tradition. Some the-
orists have related these conditions to the 
lack of adaptability in Islam caused by ju-
ristic “laziness” (Iqbal, 1984, p. 141) or even 
closing the ‘door to ’ after the tenth 
century, culminating in the stagnation of 
Islamic jurisprudence (Vernardos, 2006, 
pp. 36-37). Alternatively, Springborg (2009) 
in referring to the Middle East and North 
Africa (MENA), suggests the lack of polit-
ical freedom in society has restricted the 
creation of an Islamic model, and therefore 
the neo-liberal Western model supplies the 
most viable economic method for develop-
ment given the lack of consensus with oth-
er political economies (such as the Beijing 
model) (p. 246). It has become apparent 
then that in trying to implement a new eco-
nomic order, greater preference for imita-
tion ( ), reasoning ( )2, and analogy 

( )3 have not only challenged the true 
meaning of  but restricted innovation 
by merely justifying the contemporary or-
der.

Although financial equity laws did 
exist under the Ottoman Empire,4 the cur-
rent Islamic financial sector has more in 
common with conventional practice. As 
Hefner (2006) writes, “this is to say that the 
broader legal framework on which Islam-
ic banking depends actually owes more to 
Western civil law than it does to classical Is-
lamic precedents” (p. 18).

It is therefore common for states, 
even with a majority Muslim population, 
to adhere to the laws initiated by organiza-
tions such as the World Bank and IMF, thus 
assimilating either consciously or sub-con-
sciously with the underlying neo-liberal 
framework. To maintain the system, in-
tergovernmental institutions such as the 
Bank for International Settlements (BIS), 
the Basel Committee on Banking Supervi-
sion (BCBS), and even advisories like the 
International Financial Reporting Stan-
dards Foundation (IFRS Foundation) pro-
vide the necessary regulations and infor-
mation to coordinate financial practice. To 
ensure continuity exists, these policies have 
also been transferred to the Islamic finance 
sector via the creation of internationally 
recognized Islamic institutions such as the 
Accounting and Auditing Organization for 
Islamic Financial Institutions (AAOIFI), 
which serves to provide “accounting, au-
diting, governance, ethics and Shari’a stan-
dards for Islamic financial institutions and 
the industry” (AAOIFI, 2012, para. 1) and 
the Islamic Financial Services Board (IFSB) 
“which issues standards for the effective su-
pervision and regulation of Islamic financial 
institutions” (Sole, 2007, p. 5). These bodies 
aim to harmonize banking practice between 
conventional and Islamic methods, exem-
plified by the Islamic Development Bank, 
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which openly coordinates its policy with 
the International Monetary Fund and other 
international organisations  (Warde, 2000, p. 
107) 

Viewing this from the dominant 
neo-liberal development perspective, this 
move towards the standardization of finan-
cial practice leading to the removal of regu-
latory barriers and enabling the free move-
ment of capital and the rapid expansion in 
multinational banking must be looked upon 
as a fundamentally positive development. 
However, there are several problems. The 
growth in foreign banks affects the profits 
of domestic banks whose link to societal 
growth is hindered through an initial reduc-
tion in lending. This has also induced further 
problems in the medium term by forcing 
the local banks to invest in riskier ventures 
(Gnos & Rochon, 2004, 2005). Moreover, the 
increased internationalization of banking 
standards favors large international finan-
cial actors, often to the detriment of smaller 
banks. For example, in relation to the recent 
economic downturn, Basel III (through the 
BCBS) initiated a series of regulations de-
signed to stabilize the macroeconomic sys-
tem by improving resilience at the banking 
level. In doing so it has increased require-
ments in the amount of capital held (capi-
tal buffers) and quality liquid assets (such 
as the LCR or Liquidity Coverage Ratio), 
which have placed significant restrictions on 
the ability of smaller banks to expand their 
businesses and has ultimately affected access 
to credit, particularly for those in need of 
finance for either consumption or business 
purposes. As Avgouleas (2008) writes,

…access to credit, insurance, and sav-
ings facilities can reduce the vulnera-
bility of the poor to a number of exter-
nal shocks, including bad harvests or 
health difficulties. The mobilisation of 
savings also creates an opportunity for 

re-lending the collected funds into the 
community strengthening community 
ties. (Avgouleas, 2008, p. 66)

Nevertheless, while the latter statement 
identifies with a type of ethical financing 
appropriate under Islamic reasoning, Islam-
ic financing continues to find itself drawn 
to conventional, profit orientated methods. 
This will be discussed in more detail below, 
identifying with the debates surrounding 
the key tools of Islamic finance and Islamic 
banking in particular.

Islamic Banking and Financing: 
Background and Variety

In 1963, one of the first recognized Islam-
ic banks named Al-Idkhar Mahalliyah 
in Mit Ghamr, Egypt was established. 

It was adapted from the German Sparkas-
sen savings bank (based on a social model) 
and provided access to credit for rural and 
other small businesses built on non interest 
banking and profit sharing. It also promoted 
charity payments or  through accounts, 
which paid a percentage of individual de-
posits to local charities (Klarmann, 2007, 
pp. 93-94; Tripp, 2006, p. 136). By the 1970s 
Islamic banking had branched out across the 
Middle East, largely through the surplus cap-
ital gained from the oil industry in the Gulf 
state region and the subsequent demand for 
financial mechanisms to purify earnings in 
accordance with Islamic values. Currently, 
the Islamic financial market spans across Eu-
rope, Asia, Africa, and the Middle East offer-
ing Islamic accounts, loans, insurance, and 
securities through both Islamic institutions 
and Islamic “windows” within conventional 
institutions. In accordance with the Global 
Islamic Financial Report for 2011 the esti-
mated global market value of Islamic finance 
was $1.14 trillion and growing annually at a 
rate of 10% (Dar & Azami, 2011).
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The basic premise of Islamic bank-
ing is the promotion of ethical financing in 
accordance with Islamic norms, or as it is 
sometimes referred to as the “moral econo-
my” (Tripp, 2006). For Siddiqi (2006), “…by 
far the most impressive argument in favour 
of Islamic finance has been that it integrates 
the financial sector with the real sector” (p. 
6). In justifying its ethical nature, El Hawary 
and others draw attention to four general 
areas, which although are not exclusive, are 
adhered to, by Islamic banks to varying de-
grees. They are: 

1. Risk-sharing (shared responsibility
and returns). 
2. Materiality (ventures must consist of
a material ends and not speculative fi-
nancing).5

3. No exploitation (equality in input
and output).
4. Financing of sinful activities (
activities such as alcohol and other non 
ethical business investments) (El-Ha-
wary, Grais, & Iqbal, 2004, p. 5). 

Based on these principles, Islamic banks 
offer deposit accounts, credit facilities, and 
even bonds ( ). They will also pay a per-
centage of profit as  to charitable orga-
nizations.

However, Islamic banking is more 
synonymous for its promotion of interest 
free financing and its provision of credit 
based on principles of . Interest is con-
sidered as usury ( ) in Islamic discourse, 
centred on the premise that money should 
not be used to generate more money, but be 
invested in products and services. The Islam-
ic finance sector in theory therefore should 
avoid loaning money based on time-relat-
ed mechanisms as it also places an unfair 
burden on the borrower. Although there is 
a general consensus amongst the  (Is-
lamic scholars) regarding this, some have 

suggested it to be negligent of current prac-
tice and therefore detrimental to societal de-
velopment (Kuran, 2004). That is to say, in 
a conventional financial system if loan de-
mands exceed what is in supply interest rates 
will be increased in order to raise more cap-
ital at the suppliers’ end thus balancing the 
flow. From a certain Islamic perspective, this 
process is based on macroeconomic princi-
ples of supply and demand, which ultimately 
gives power to the financier and places the 
risk upon the credit seeker at the micro lev-
el, as even before knowing the success of a 
particular enterprise a price has been pre-
determined by the loaning bank or institute 
(Siddiqi, 2006). As a response to this, some 
Islamic scholars have suggested separating 
the macro from the micro in order to control 
the financial flow and prioritize welfare over 
cash supply (Wilson, 1995, pp. 111-119). 

Nevertheless, a general acceptance 
of conventional mechanisms such as interest 
charges remains. To this end, Islamic banks 
and institutions have designed products 
that intend to avoid the label of “interest” 
by administering charges similar to that of 
interest rates. This shows a degree of adap-
tion to the economic landscape, considering 
that survival of the sector must be of equal 
importance to ethical exchange. In order to 
maintain this balance the charge is related to 
work or the principle of risk sharing, which 
in banking terms is equated to profit and 
loss sharing (PLS). Taking into account the 
ethical methods identified by El Hawary et 
al., (2004) a PLS is a pre-arranged agreement 
between the borrower and financial investor 
that sees a return in money linked to profit 
rather than interest, an equity model as such. 
The most common example of this in credit 
supply is , where the financier pro-
vides the capital and the customer manag-
es the project with profits being pre-agreed 
upon. The fixed charge, which is often higher 
than conventional interest, is justified due to 
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risk of failure on behalf of the financier and 
the cost of administrative support (which 
is often time consuming). A PLS therefore 
aims to promote access to credit based on a 
partnership agreement thus reducing loan 
defaults in the process.

For Khan however, PLS financing 
has become increasingly less common due 
to general market uncertainty and the level 
of risk and time consumption suffered by 
banks using this method (Khan, 2010). In-
stead non-PLS mechanisms like  
and  have become more common due 
to their similarities with “debt-financing.” 
What this highlights is a preference for con-
ventional mechanisms that identifies with 
the needs of financial institutions who have 
to adapt and survive within a market of in-
formation asymmetry by mitigating their 
own risk (Zaman, 2008), a position that runs 
in opposition to the proposed Islamic ethos. 
Using details from the 2007 Islamic Devel-
opment Bank publication (Islamic Develop-
ment Bank, 2006–2007), Khan (2010) con-
firms this trend by acknowledging 92% of 
the IDB’s profits in 2007 resulted from non-
PLS financing.6  

This growth in non-PLS financing 
is linked to the conventional profit orientat-
ed system and demonstrates the attractions 
and limits of adopting traditional neo-lib-
eral strategies. With bank profitability and 
survival placed above Islamic societal needs, 
investments that are considered “high risk” 
or offer minimal profits in return (such as 

) are overlooked in favor of more 
secure investments. By going too much in 
this direction the Islamic banks run the risk 
of losing their social and developmental role 
in Islamic society. Alternatively, an Islamic 
banking sector that ignores the core rules of 
financial functioning, the basics of economic 
supply and demand and the need for at least 
limited interaction with the international 
system runs the risk of undermining its fi-

nancial system and the larger developmental 
needs of the society. This tension is demon-
strated by the differing tactics and outcomes 
of the Malaysian and Iranian Islamic bank-
ing sectors.

Malaysia: Flexible and Successful, 
but Is It Islamic?

Malaysia’s first foray into Islamic fi-
nancing occurred in 1963 through 
the government initiated 

 Trust. It served as a  savings ac-
count for pilgrimages to Mecca while simul-
taneously encouraging economic activity 
within a financially underdeveloped market 
(Abdul-Majid, Saal, & Battisti, 2009, p. 3). 
In 1966, in a bid to overthrow its colonized 
past, nationalization of the financial sector 
occurred. However, it was not until 1983 
with the inauguration of the Islamic Bank-
ing Act that the first Islamic Bank, Bank Is-
lam Malaysia Berhad, was established. This 
was eventually followed by the sale of Islam-
ic products in conventional banks (Islamic 
windows) which itself spawned new Islamic 
banks from the profits gained (Abdul-Ma-
jid, et al., 2009, pp. 3-4). Over the past few 
decades the Malaysian financial sector has 
embarked on a more capitalist orientated ap-
proach symbolized by the growth in Islamic 
products related to conventional financing 
such as  (insurance) and the packaging 
and sale of  compliant securities such 
as  (including a global  in 2001) 
or unit trust funds. 

The financial sector itself is regulat-
ed by the Central Bank of Malaysia (BNB) 
(Bank Negara Malaysia, 2012) and functions 
as a parallel system, with both conventional 
and Islamic institutions abiding by the same 
rules but keeping their assets separate. In 
response to the growing demand for  
products the National  Advisory 
Council (SAC) was established in 1997 and 
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is charged with using its Islamic expertise 
to consult the BNM on financial issues, ul-
timately ensuring compatibility with  
(Bank Negara Malaysia, 2012). 

Although Malaysia is an Islamic 
country, it has a mixed population consist-
ing of Muslim Malays and other indigenous 
people (Bumiputera) at 60.5%, Chinese at 
22.8%, Indian at 6.8%, and others (including 
internationals) at 9.8% (Department of Sta-
tistics Malaysia, 2012). In reflecting this cul-
tural diversity, Venardos (2006) believes the 
Malaysian government has had to balance its 
policy between the demands of the majority 
and of not alienating its Chinese population 
who are considered as the “catalysts” for in-
dustrialization (p. 144). From an economic 
perspective therefore, societal inclusion is 
beneficial to Malaysia’s growth and although 
there are tensions surrounding the imple-
mentation of Malay dominated policies, its 
financial stability suggests a degree of healthy 
interaction. For example, GDP growth rates 
(at constant 2000 prices) have shown −1.4% 
in 2009, 7.2% in 2010, and 4.2% in 2011 (De-
partment of Statistics Malaysia, 2012), while 
poverty has been reduced from 49.3% in 
1970 to 3.8% in 2009 (Economic Planning 
Unit Malaysia, 2010).

In supporting this growth, the Ma-
laysian Islamic banking sector has proved 
innovative in its design of products although 
also known for stretching the limits of Islam-
ic reasoning. 

7 methods are commonly used for 
credit issuing whilst  is common 
for depositing where it exists as a “variable 
rate liabilities” (VRL) meaning that the bank 
controls payouts to the depositor (Rosly, 
2005). Since the onset of Islamic financing 
in Malaysia however, the most popular form 
to emerge has been  (BBA) 
(Ahmad, 2006)8 or in simple terms “deferred 
sale” products (a form of debt financing—
non PLS—used predominately for property 

and other consumer items). For Radiah Ab-
dul Kader and Yap Kok Leong (2009), BBA’s 
success will be increasingly challenged by 
the competitive nature of the parallel bank-
ing system as the appeal of its fixed rate 
lessens when compared to fluctuating inter-
est charges. To maintain the strength of the 
Islamic sector, experts such as Kader and 
Leong (2009) and Rosly (1999) have called 
for a greater diversity in products that focus 
on leasing ventures and more flexible rates. 
This continued shift to conventional meth-
ods is an ongoing occurrence and highlights 
the need of Islamic banks in Malaysia to 
maintain competitiveness within the parallel 
financial system.

Flexibility and adaption is therefore 
evident within the Malaysian Islamic bank-
ing system regarding institutional survival, 
but at the same time there is a clear tension 
with its commitment to Islamic societal de-
velopment. The Asian Development Bank’s 
Gini coefficient statistics rate Malaysia as 
one of the most unequal countries in East 
Asia with the sixth highest income disparity 
in the Asia-Pacific region (Karim, 2010). The 
government has tried to address these issues 
by encouraging voluntary  payments, 
which are then dispersed through regional 

 commissions to those most in need. 
Karim (2010) however is notably critical of 
the official zakat redistribution process and 
its influence upon the growing emergence of 
“loan sharks” or “pawn brokers” (p. 114). For 
him  payments, which occur on a yearly 
basis, only serve to cover some of the debt 
accrued over the same period and merely at-
tend to immediate consumption needs of the 
poor. Nevertheless, recognizing this market 
“new poor” banks have begun to offer a le-
gitimate form of Islamic “pawn broking” or 

, that offer “safe keeping” charges 
instead of interest (Karim, 2010, pp. 114-
115).
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Iran: Rejecting the West, but Con-
straining Itself?

On the other end of the spectrum, 
Iran is a clear example of the dif-
ficulties of making a radical break 

with basic elements of international finan-
cial and economic rules. Following the 1979 
revolution, it attempted to depart from the 
prevailing international neo-liberal frame-
work, causing irregularities and much con-
fusion within its’ own economy. Regarding 
Iran’s financial sector then, three events 
played a key role in this: nationalization, Is-
lamization, and privatization. 

Firstly, in response to the Western 
orientated policies of the Shah, the bank-
ing sector was nationalized which led to the 
number of banks being reduced from thirty 
six to nine and subsequently divided into 
two areas, commercial and specialized (spe-
cialized banks attend to industrial needs 
such as agriculture, mining etc.) (Khan & 
Mirakhor, 1987, pp. 1-13). 

The second significant event, con-
sistent with Iran’s Islamization, saw the cre-
ation of the “Law of Usury Free Banking” 
in 1983 which officially established Islamic 
banking in 1984 and permitted depositing 
and crediting without the payment of in-
terest (Zarrokh, 2010). For example, the 
banking sector has promoted the method of 

 for depositing and crediting.9  
However, in what Warde (2000) describes 
as a “curious element of the official bank-
ing system” (p. 120), depositors are offered 
incentives in the form of prizes, gifts, lot-
tery draws, and even preferential treatment 
when seeking a loan as a replacement for in-
terest payments. 

The Central Bank of Iran is con-
trolled by the government who holds pre-
cedence over the rate of charge, rate of min-
imum profit, and the percentage share of 
profits a bank can take from an agreement. 

In the latter case, this means that whilst a 
bank may have contributed capital of up to 
95% for a given project it may only be able 
to claim 50% of this as profit. And while 
Zarrokh (2010) believes this enables “policy 
makers in setting the economic priorities of 
the country,” akin to separating the macro 
from the micro, it has also reduced the prof-
it making mechanisms of the banking sector 
(p. 189). For Amir Naghshineh-Pour (2009) 
the ignoring of free market supply, demand, 
and inflation (maintenance of low interest 
charges in the face of high inflation for ex-
ample) has resulted in structural irregulari-
ties within the banking system. Customers 
therefore have had little incentive to invest 
or save in the face of an overt “borrowing 
market” (hence the popularity of 

 and ) and with deposit ac-
counting failing to attract significant num-
bers to cover costs, debt has begun to spiral. 
By 2008 nonperforming loans reached US 
$17.8 billion, a situation that Iranian eco-
nomic advisor Massoud Rad has said could 
“make most banks bankrupt if there was 
an effective auditing system” (Bozorgmehr, 
2008, p. 8). In 2009, the Iranian Labour 
News Agency (ILNA) reported that the to-
tal debt of state run banks had exceeded US 
$32 billion, with Commercial bank “Bank 
Melli” accumulating US $9 billion of this 
(Press TV, 2009). 

In face of this potential banking sec-
tor collapse the third and final significant 
event aimed to recapitalize the banks under 
the Privatisation Law of 2008. While inef-
ficiency and debt accumulation were her-
alded as reasons for this change, the process 
has not occurred without issues. As Central 
Bank Governor Mahmoud Bahmani stat-
ed, “Of course, the reality must be accepted 
that the opening up of the banking system’s 
resources sack in the past few years has 
brought them (the banks) to the brink of 
crisis” (Reuters, 2010, para. 1).
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In reality the privatization process 
has been limited and as of yet not all banks 
have been privatized (commercial nor spe-
cial). Also, attempts by the Central Bank 
to increase charge rates as a way of stymie-
ing inflation have resulted in the removal 
of two governors between 2008 and 2010 
(Fielding-Smith, 2009, p. 18). President Ah-
madinejad and his government have instead 
chosen to limit credit supplies and maintain 
low charges, a potentially hazardous move 
considering poverty levels and the need for 
credit access (Payvand Iran News, 2010).10  
As a way of improving cash flow however, 
foreign investment has been sought and 
as of 2009 the financial sector was opened 
up to foreign banks, but with international 
sanctions related to Iran’s proposed nucle-
ar program reducing such interaction, this 
area of potential growth remains unlikely at 
present. 

In this case, an attempt to create a 
more socially oriented and Islamic model 
(strongly linked to a nationalization strate-
gy) led to the distorted development of the 
Iranian banking sector. This strategy even-
tually led to negative impacts upon societal 
welfare and the eventual attempted return 
to basic financial norms and values and a 
partial reintegration with the international 
financial system.

Towards a Unified International Is-
lamic Finance System?

Given these tensions in the national 
systems, is a unified international 
Islamic financial system possible 

or even desirable? Efforts to create a larger 
international Islamic financial system have 
been ongoing since the 1970s. However, un-
surprisingly, forging a consensus or  in 
Islamic finance has proved difficult due to 
the various regions, countries, and interpre-
tations that make up the sector. For example 

in addition to the reasons mentioned above, 
the Islamic credentials of an individual Is-
lamic financial institution (IFI) are moni-
tored by their own appointed  Super-
visory Boards (SSB), which normally consist 
of three members or more and are selected 
based upon a combination of religious and 
financial expertise (Alexakis & Tsikouras, 
2009). Nevertheless, no two SSBs are like-
ly to have the same opinion on a financial 
matter, thus complicating the structuring of 
agreements. Hence, what is permitted via 

 principles in Malaysia could be con-
sidered unethical in the more conservative 
Saudi Arabia. To this end, without standard-
ization, or indeed regulation, the Islamic 
financial sector will continue to be consid-
ered as susceptible to malpractice and ir-
regularities, resulting in limiting potential 
international interactions. This was evident 
during a legal battle in 2009, where Kuwaiti 
shareholding company, The Investment 
Dar (TID), who had sanctioned the Islam-
ic agreement, refused to pay conventional 
Lebanese bank, Blom the US $10 million 
it had invested plus 5% guaranteed return, 
insisting that the deal no longer complied 
with its interpretation of  because it 
constituted gain through interest (Knowl-
edge@Wharton, 2010).

Nevertheless, the obvious benefits of 
some form of international Islamic finan-
cial system with common  standards 
led to the development of the aforemen-
tioned financial bodies the AAOIFI and the 
IFSB. The AAOIFI was founded in Bahrain 
in 1991. Many AAOIFI decisions revolve 
around its upholding of Islamic ethics, ev-
ident in its promotion of equity financing 
rather than the more conventional orientat-
ed debt-based approach. For example, it has 
ruled a number of  (Islamic bonds) as 
noncompliant for this very reason as Chair-
man of AAOIFI”s  board, Sheikh Mu-
hammad Taqi Usmani states:  
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“Islamic financial institutions should 
appreciate that they are Islamic. They 
have a different set of rules to conven-
tional banks. But if Islamic financial 
institutions can sit together and join 
hands to issue sukuks that are equity 
based, I expect that the rate of return 
will be much higher. This will draw the 
interest of conventional instituti
ons ” (Euromoney, 2008, para. 18)

The Kuala Lumpur based IFSB was 
created in 2002 and is reflective of the grow-
ing market in South East Asia. It holds the 
position of an “international standard-set-
ting body of regulatory and supervisory 
agencies that have vested interest in ensur-
ing the soundness and stability of the Islamic 
financial services industry, which is defined 
broadly to include banking, capital market 
and insurance” (Islamic Financial Service 
Board, 2012, para. 1). For Karim and Archer 
(2007) the IFSB has made real the idea of a 
consensus and in doing so has strengthened 
the sector. 

Both the AAOFI and the IFSB are 
influential in establishing standards, but 
questions remain regarding how this is be-
ing achieved and what the consensual di-
rection actually is? (Knowledge@Wharton, 
2010).

Nevertheless, while the interlocking 
of SSBs has helped promote this standard-
ization of Islamic practice in coordination 
with the international bodies, regulation is 
very much orientated towards institutional 
survival and therefore adoption of policies 
stemming from the West (Bassens, Derud-
der, & Witlox, 2011). What seems apparent 
therefore is a general adherence towards 
conventional neo-liberal standards, under-
standable given its overwhelming strength 
and size. Relevant to the debate in  
we can suggest two reasons for this. Firstly, 
there has been no development in Islamic 

jurisprudence to attend to matters concern-
ing corporations and therefore financial law. 
Reiterating Hefner’s comment once again, 
‘this is to say that the broader legal frame-
work on which Islamic banking depends ac-
tually owes more to Western civil law than 
it does to classical Islamic precedents’ (Hef-
ner, 2006, p. 18). Secondly, as acknowledged 
by Warde, the pervasiveness of Western ed-
ucation upon Islamic scholars has led to a 
deeper convergence between the principles 
of Islamic economics and the Washington 
Consensus (Warde 2005, p. 47). Neo-liberal 
norms are therefore justified within the sec-
tor by applying Islamic terminology rather 
than the seeking of a new consensus, a pro-
cess that once again is said to challenge the 
Islamic ethos and the practice of . 

What this means in practical terms 
is that the adoption of standardizations 
used in conventional finance has become 
a common feature of Islamic financing. As 
previously suggested, the AAOIFI is heavily 
influenced by international regulatory bod-
ies such as the Bank for International Settle-
ments (BIS), the Basel Committee on Bank-
ing Supervision (BCBS) and even advisories 
like the International Financial Reporting 
Standards Foundation (IFRS Foundation). 
The IFSB itself was created with support 
from the AAOIFI, Islamic Development 
Bank (IDB) and International Monetary 
Fund (IMF) (Alexakis & Tsikouras 2009, p. 
92) and the IMF is even a member of the
IFSB. 

Conclusion and Further Research 
Implications

As demonstrated above, the Islamic 
financial sector is neither easily de-
fined nor unified at the national or 

international level. It is also confronted by a 
number of problematic tensions including:
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• Pressures exerted by the power
and dominance of an international
development framework that re-
mains fundamentally prescriptive
and tends to actively and passively
inhibit the growth of national and
local variety that is not congruent
with the overarching global neo-lib-
eral boundaries.

• The diverse and evolving nature of
Islam that leads to divisions within
and between Islamic nation-states
and inhibits the growth of the in-
ternational Islamic financial sector
and interaction between Islamic fi-
nancial institutions.

• The distinctive and unique aspects
and fundamentals of individual
national political, economic, and
social situations that demand both
distinct interpretations of Islam, but
also the constant evolution of Is-
lamic financial institutions as they
interact with the non-Islamic world.

Balancing these various tensions is never 
going to be easy. As the complexity theory 
inspired author Rihani makes clear, devel-
opment is best understood as, 

…an uncertain evolution that has no
beginning or end, no shortcuts, and 
few signposts on the way. Nations do 
not follow the same path…However, 
prospects for the future are condi-
tioned by two factors that are difficult 
to predict and guard against in ad-
vance: local opportunities and con-
straints, and the activities of coevolv-
ing nations. (Rihani  2002, p. 235)

Nevertheless, some form of struc-
ture to support the development of the in-
ternational Islamic financial system would 
offer obvious benefits for encouraging Is-

lamic financial and economic interaction 
and in some ways act as a healthy chal-
lenge to the dominance of the and current 
neo-liberal international economic order—
adding greater variety to the international 
system. Hence, to answer our earlier ques-
tion, a more coordinated international Is-
lamic financial system is possible and ben-
eficial. However, there are several lessons 
that must be kept in mind.

• It is essential that the Islamic finan-
cial system learns from and adopts
core elements of the existing system
such as its general financial rules,
stability, openness, and exchange-
ability—thereby increasing healthy
interaction within the system.

• At the same time, it must try to
avoid overly prescriptive and rigid
strategies that strip out the ability
of nation-states and local actors to
adapt and evolve to suit their par-
ticular needs.

• Interact with the existing interna-
tional financial system, but, where
possible, defend your uniqueness
and flexibility. From the mainstream
neo-liberal financial framework di-
versity is often seen as a weakness.
From a complexity perspective,
though it does not guarantee suc-
cess, it is often a hidden strength.

What this implies is that the cre-
ation of a sustainable international Islamic 
financial system will require a continual di-
alogue between local, national, and interna-
tional financial actors in order to continu-
ally and flexibly steer a course that balances 
the aforementioned tensions. As mentioned 
earlier, relying solely on highly educated in-
ternational financial elites to design and di-
rect the system will have a tendency to align 
the system with the dominant neo-liberal 
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framework. For us, the key to success will 
be the creation of a viable dialogue process 
that creates a continual discussion between 
local, regional, national, and internation-
al financial actors. An imposed structure 
with a rigid end-oriented plan will merely 
mimic the former weaknesses of the earlier 
“Washington consensus” and block any sus-
tainable developments. 

Regarding further research impli-
cations, there is much more that could be 
done to explore this area from a complexity 
perspective. Clearly, a deeper exploration 
into the various case studies would be one 
option—painting a more detailed and com-
parative picture of the area and the variety 
that exists within it. Further, although nei-
ther of us can claim to be “modellers,” we 
feel that agent based and network model-
ling would have much to offer. Examples 
could include scenarios like setting up an 
agent-based model where the fi

were trying to decide where 
to keep their  in either Islamic or con-
ventional systems or not to participate in ei-
ther system. Agent variables could include 
the degree of  to Islamic ethi-
cal values, the level of trust in the different 
systems, the profit/return on their invest-
ment in a given system, the perceived level 
of stability in the systems and the choices 
of neighbouring or linked agents. Models of 
crowd behavior that mimic  or 

 would be relevant as well as the work 
of agent-based computational economics 
models (Tesfatsion, 2002). Other agent-
based models could explore the dynamics of 
the Islamic financial system itself like exam-
ining how general financial rules, stability, 
openness, and exchangeability affect agent 
behavior. Exploring how individual Islam-
ic financial institutions interacted with the 
larger network of Islamic financial system 
would be another interesting study. In par-
ticular, a study of the network interactions 

between Islamic and international financial 
elites would be particularly revealing. All of 
these are interesting areas to explore and we 
strongly encourage others with more mod-
elling skill than we possess to do so. More-
over, we believe that development agencies 
and Islamic financial institutions and eco-
nomic actors would be interested in see-
ing the results of such work and hopefully 
would be willing to support such projects. 

Endnotes 
1 More specifically,  is the deriving of 
the rules and judgments within the realms 
of Islamic knowledge that can lead to new 
evaluations of life and ultimately  (Is-
lamic jurisprudence). Ibn Taymiyah (1263-
1328) has been credited as being a main 
proponent of  and an influence on 
subsequent discourse
2 Used by Shi’a scholars.
3 Used by Sunni scholars. 
4 Legal rules related to both finance and 
business existed under equity law in the 
Ottoman Empire, largely based around the 

fi school of thought.
5 This mostly refers to gains from derivatives 
but we can also include actions that may be 
considered as unnecessarily risky ( ) 
or even gambling ( ).
6 Khan (2010) also acknowledges that 11.2 
% of the IDB’s portfolio consists of PLS fi-
nancing.
7 Salam is a sale agreement where the seller 
receives the price for goods in advance and 
then the goods are delivered at a later date 
(common for agricultural transactions).
8 BBA comes from the  term 
meaning “trade.” More specifically,  
is the deriving of the rules and judgments 
within the realms of Islamic knowledge that 
can lead to new evaluations of life and ulti-
mately  (Islamic jurisprudence).
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9 This is interest and mostly free of charges 
but sometimes with a small administrative 
charge attached.
10 According to Iran’s Department of Sta-
tistics (2010), ten million people (approxi-
mately 8%) live under the “absolute” poverty 
line and 30 million (approximately 24%) un-
der the “relative” poverty line. 
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Models are often an important com-
ponent of a policy development 
process. However, there are many 

different modeling techniques and many 
different potential roles for models within 
a policy process. Furthermore, modeling is 
a specialized skill often performed by peo-
ple with limited policy experience. It can 
therefore be difficult for policy analysts to 
understand how best to use models, and for 
modelers to design models in the most use-
ful way.

This paper presents a novel frame-
work to analyze the policy issue from a 
modeling perspective, focusing on func-
tionality and accuracy. Additionally, a third 
aspect of feasibility is briefly described. The 

framework is intended to provide a basis for 
effective discussion about how a model can 
contribute to policy objectives and which is 
the most appropriate modeling technique. It 
may also be useful for modelers to present 
their models to other participants within 
large policy development projects.

The paper is written for policy an-
alysts who work with modelers but have 
only limited knowledge about modeling. It 
therefore also describes two key elements 
of model development: abstraction and the 
modeling process. While familiar to model-
ers, this information is necessary to provide 
a context for the framework as well as shared 
understanding between modelers and policy 
developers. Abstraction involves substantial 
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compromise and explicit discussion about 
these issues is fundamental to constructing 
a good model. Policy analysts also need to 
understand the model development process 
in order to be involved at the key points and 
guide the modeling to achieve the policy ob-
jectives.

I - Background: What Makes a Good 
Model?

I use the term ‘model’ to mean an explic-
it representation of relevant features 
and relationships of some target system 

(adapted from discussion in Greenberger 
et al., 1976, pp. 48-49). This definition has 
three elements:

• Explicit representation: the model is
constructed using a language, diagram, 
or some other communication medi-
um that is independent of the modeler;
• Relevant features and relationships:
the model is simpler than the full tar-
get system and there is some purpose 
or question that guides the decisions 
about what to include and exclude in 
the representation; and
• Target system: the model is ‘of ’ some-
thing.

For a policy model, the target system 
is the issue of interest. As an ‘issue’ is intan-
gible and difficult to represent, the target 
system is roughly ‘all the things we need to 
know about to understand the issue’. It po-
tentially includes the people and groups af-
fected by the issue, their beliefs and actions, 
applicable laws and procedures, resources 
and any other entity or factor involved in 
creating the issue or affected by it. The tar-
get system is not restricted to the issue as it 

exists, but can also include the factors and 
relationships relevant to hypothetical de-
scriptions about the future or potential poli-
cy options.

The second part of the definition 
means that all models are abstractions; 
some characteristics of the target system 
are excluded completely from the model or 
included in simplified form. This is because 
any model that fully replicated the target 
system would be just as difficult to compre-
hend as the full system. For example, a road 
map is useful because it can display how to 
get from one place to another in a single 
view. A map that included every feature of 
an area would need to be the same size as the 
area being mapped.

What is relevant, and therefore in-
cluded in the abstraction, depends on why 
a model is required. Continuing the exam-
ple, a map for travelling between cities is at a 
different scale from a map to find particular 
locations within a city. Thus, models of the 
same target system may be very different de-
pending on their intended use. Much of the 
craft of modeling is in deciding which rela-
tionships to include at what level of detail. 
This involves selecting, and often compro-
mising on, what is most relevant.

The key feature of an ‘explicit repre-
sentation’ is that the portrayal is indepen-
dent of the modeler and expressed in some 
common language. Only by communicating 
their different understandings of a situation 
can people investigate the similarities and 
differences between their perspectives on 
what is relevant.

There are many different types of ex-
pression or representation languages used 
for models. In general, policy models use 
mathematical equations, computer code, or 
diagrams. Less frequently, models can be in 

3 M. Porter,  (New York: Free Press, 
1980).
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the form of games or simply text descrip-
tions of the issues. In this paper, I use the 
term ‘games’ broadly, to include comput-
er-based serious games, board games, and 
role playing games such as military exercis-
es, provided the game has a policy relevant 
purpose and the rules are intended to repre-
sent some target system and induce realistic 
behavior from human participants. A brief 
description of important policy relevant 
modeling techniques is appended.

Some models are excluded from 
this paper. For example, scale models and 
physical replicas are representations that 
are appropriate for physical structures, but 
rarely for policy issues. Statistical modeling 
and data mining methods are also excluded, 
despite their importance in policy develop-
ment. While much of the discussion is rel-
evant for these methods, the focus of this 
paper is models that are intended to directly 
represent the designer’s understanding of 
the relationships and structure of some tar-
get system. In contrast, statistical and data 
mining methods start with a detailed data-
set and use the data to identify relevant rela-
tionships.

The value of the model depends on 
how completely the relevant features 
and relationships are identified and 

how accurately they are represented. The 
right relationships must be included in the 
model at the right level of detail. However, 
what is right for one model might not be 
right for another and there is no fixed way 
to identify what to include.

For the model to be relevant for poli-
cy, the behaviors of interest in the real world 
must be described in the model under anal-
ogous circumstances. To do this, the relevant 
relationships must survive several layers of 
abstraction (see Figure 1). By replicating the 

pattern of relationships in the target system, 
a model is expected to (somewhat) replicate 
its behavior. This allows the behavior of the 
model to be generalized to help understand 
the research questions.

Each abstraction layer has a spe-
cific role, and creating each layer is part of 
the modeling process. The layers are best 
explained with an example, and the follow-
ing case study concerns development of a 
management plan for a section of the Rio 
Grande (Tidwell et al., 2004). The modeling 
process is described later, in the Functional-
ity section.

The case study real world issue (top 
layer) is to compare policy options for man-
aging the river section over a 50 year peri-
od in light of conflicting priorities. The riv-
er provides the water supply for domestic, 
agriculture, and industry needs, it is used 
for fishing, boating, and other recreational 
activities, and it is a key element of the re-
gional ecosystem. Each of these roles im-
pacts on the availability of the river for the 
other roles. There are also constraints, with 
legal obligations to river users downstream 
to maintain water levels above agreed mini-
mums. Water levels also strongly depend on 
rainfall, which cannot be controlled. Thus, 
the real world issue of managing the river is 
complex, with many connections and influ-
ences to consider.

The first level of abstraction is to 
select a target system by identifying a spe-
cific question for the model to answer. The 
question should inform, but need not be the 
same as, the potentially much more general 
overall research question. In the case study, 
the model focused on water quantity, specif-
ically ‘how much water remains in the riv-
er when it exits the planning region?’ This 
question sets a boundary around the target 
system, excluding issues that do not signifi-
cantly affect water volume, such as recre-
ational activities.
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The second level of abstraction is de-
signing the model; selecting and document-
ing the features and relationships within the 
target system that are to be included in the 
final model. Simplifications at this level are 
conscious decisions about which physical, 
social, environmental, and technological 
factors within the target system are signif-
icant for the model question, and how to 
specify those factors, their interactions and 
their behavior. At this stage it is sufficient to 
document that there is some relationship, 
without directly stating its form.

For the case study, relevant factors 
include rainfall, population size, use of wa-
ter efficient equipment, and water price. 
Each of these factors affects water volume 
in some way. The relationship could be de-
scribed with words; for example, ‘greater 
rainfall directly increases water’ or ‘high-
er price reduces consumer demand which 
makes more water available’. Alternatively, a 

diagram could be used with arrows between 
factors to indicate the direction of influence.

The model design explicitly rep-
resents the features and relationships and 
can be considered a model in itself, but the 
design is typically translated into a more 
detailed model implementation, which in-
volves a final level of abstraction. This is the 
stage at which the relationships between 
factors are fully specified. There are many 
different techniques available, including de-
tailed diagrams, mathematical equations, 
games, and computer simulations. In the 
case study, the final model was a System Dy-
namics model, a type of computer simula-
tion.

Once constructed, the model is used 
to answer the original question. Typically 
such use examines the model output under 
various inputs, and if the abstraction is suf-
ficiently accurate, the output can be general-
ized to the target system in the expectation 

: Relationship between real world issue and abstracted model. Each step moves the 
model representation further from the system being modeled, but sufficient realism must 
be maintained to allow generalizations from the behavior of the model to be applied to the 
expected behavior of the system. This realism relies on identifying and retaining the rele-
vant influences throughout the abstraction process.
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that the system will behave in a similar way 
as the model. For the case study, the inputs 
were sets of policies, such as the amount 
of residential expansion permitted, and as-
sumptions about rainfall patterns. The mod-
el estimates the amount of water exiting the 
planning region under the circumstances 
described by the inputs. That is, the model 
allows the user to ask ‘what if?’.

II - Framework Overview

If diagrams, equations, games, computer 
code, text descriptions, and other mod-
el implementations are simply different 

ways of representing relevant features and 
relationships of some target system as de-
scribed in the model design, in which situ-
ations would one or the other be preferred? 
This question gets to the heart of assessing 
the quality of a model. A model effectively 
represents the target system, presenting ac-
curate information about a specific issue. A 
good model does more than this; it is a tool 
to more deeply understand multiple aspects 
of the issue, stimulate ideas about how to re-
spond to concerns and potentially assess the 
impact of those ideas. There are three sets of 
considerations that affect a model’s suitabili-
ty for a particular research project:

• functionality—ensuring that the
model can be used to achieve proj-
ect goals;

• accuracy—matching the model
features and relationships with the
characteristics of the system being
modeled; and

• feasibility—whether the required
resources are available.

In practice, it is unlikely that one technique 
will be clearly best for a particular policy 
model. Instead, one or more techniques may 
have the most appropriate assumptions for 

the target system, while others most easily 
provide the required functionality to achieve 
the policy objectives. Choosing a technique 
therefore involves trading off between these 
aspects, with different choices appropriate 
for different projects.

In order to enable generalization 
from the model to the real world issue, the 
model must represent the target system suf-
ficiently accurately. There are three ways in 
which modeling incorporates accuracy con-
siderations: abstraction, selection of appro-
priate modeling technique, and parameter-
ization and testing. Abstraction is typically 
explicit, with formal discussions and deci-
sions about the model design to select rele-
vant features and relationships of the target 
system to be represented. Similarly, parame-
terization and testing are explicit, with mea-
sures of model fit (to data) and analysis of 
test datasets routinely included in the model 
report.

In contrast, modeling techniques 
may be chosen for convenience or famil-
iarity and the accuracy implications are po-
tentially implicit. Implementing the model 
design adopts the perspective of the mod-
eling technique used and entails a set of as-
sumptions, which should preferably match 
the characteristics of the system being mod-
eled. Policy analysts need to be involved in 
the choice of technique to understand which 
aspects of the system are included and ex-
cluded by each option.

In contrast to accuracy’s focus on 
the content of the model, functionality con-
cerns how the model is developed and used, 
which is influenced by the type of research 
question being pursued. For example, some 
models are particularly effective for devel-
oping a shared understanding of a system 
between people who have different perspec-
tives because they expose the reasoning used 
by each person, while others can be used to 
compare policy options. Such functionality 
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arises from elements of the modeling pro-
cess, as well as characteristics of the particu-
lar model. Thus, policy analysts should un-
derstand the process of modeling so as to be 
most effectively involved and maximize the 
usefulness of the final model.

Feasibility, the final consideration 
of model quality, considers practical con-
straints such as time, cost, data needs, spe-
cialist modeling skills, and other resourc-
es. In practice, all modeling techniques 
require relevant modeling expertise and 
similar types of resources. Additional time 
and funding allows better models to be 
developed or further detail to be includ-
ed, but do not substantially impact on the 
modeling techniques that can be used. It is 
therefore difficult to specify general rules 
about resource needs for different modeling 
techniques (though guides such as (RIGHT, 
2009) provide some insight).

The key aspect of feasibility for 
which the needs of different modeling tech-
niques vary widely is data. Diagrams that 
capture people’s perspectives on an issue do 
not need data other than those perspectives. 
In contrast, policy relevant mathematical 
or computer simulations typically require 
extensive quantitative data to parameterize 
the modeled relationships, though subject 
matter expertise may be substituted in some 
situations.

Feasibility is not explored in further 
detail because there are few implications for 
the choice of modeling technique. Relevant 
issues (such as data requirements) are revis-
ited in the discussions of functionality and 
accuracy.

III - Functionality

Functionality concerns the reasons for 
choosing modeling to examine a spe-
cific issue rather than, or in addition 

to, other methodologies such as literature 

analysis, interviews or statistical analysis. 
Many reasons for modeling have been iden-
tified (Banks, 1999; Epstein, 2008; Green-
berger et al., 1976; Hodges & Dewer, 1992; 
Kelly (Letcher) et al., 2013; Sternman, 1991). 
For dealing with policy issues, there are 
three broad domains of functions, which are 
particularly important: knowledge synthe-
sis, management of unknowns, and policy 
support (Bammer, 2013). Models can assist 
with specific tasks within each of these do-
mains.

In practice, much of the functional-
ity arises from the modeling process rather 
than simply the model. Therefore the pro-
cess is described first, followed by the dis-
cussion of the functions supported by mod-
els and how they are delivered.

A. Th

There are many different modeling 
techniques. Some require mathemat-
ics and computers, while others need 

only pen and paper. Regardless, they all in-
volve a development process, and a good 
model depends on undertaking that process 
effectively.

The process comprises four broad 
phases: Design, Build, Test, and Use. While 
the general flow is from Design to Use, 
there is substantial iteration between the 
Build and Test phases to ensure the model 
is constructed appropriately. For example, 
the building process can reveal gaps in the 
design, and testing a prototype can expose 
flaws. Even if there are no design flaws, the 
design could be changed because initial 
end user exposure to the model stimulates 
ideas and leads them to suggest refinements. 
Thus, the four phases should be interpreted 
as a guide rather than a prescriptive and or-
dered process.

Within these four phases there are 
several steps (Banks, 1999; Jakeman et al., 
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2006; Voinov & Bousquet, 2010), which are 
very similar for computer and mathemati-
cal models. While diagram models are de-
veloped with the same broad process, some 
of the detailed steps are not required in the 
Build and Test phases and the phases may 
also be more fluid. Games fall between; 
more sophisticated virtual environments re-
quire the same detailed steps as other com-
puter simulations, but board games can be 
modified as required by participants while 
being used.

The Design phase has two outputs: the 
model design (or conceptual model) 
and the project plan. These are both 

oriented to delivering against a purpose, but 
the type of purpose is different for each. The 
purpose for the model design is the ques-
tion the model is to answer, and the termi-
nology ‘purpose’ will be reserved for this 
meaning. The objective for the project plan 
is to develop a model that delivers the re-
quired policy development functionality, or 
to answer ‘What is intended to be achieved 
by building a model?’.

Planning tasks include inviting ap-
propriate experts and stakeholders to par-
ticipate in particular steps of the model-
ing process, obtaining funding and other 
resources, identifying available datasets, 
determining how the model is to be evalu-
ated, and establishing who is to make what 
types of decisions. These are all important 
and should be discussed between the policy 
developer and the modeler. However, only 
appropriate participation substantially con-
tributes to the functionality delivery, and 
other planning elements are not discussed 
further.

Focusing on production of the mod-
el design, the Design phase encompasses all 
of the abstraction required to move from 

the real world system to the model. That is, 
the purpose or policy question must be con-
verted to a modeling perspective; typically 
by the modeler asking a series of questions 
to assist the policy analyst to gradually re-
fine the model design. From Figure 1, the 
steps of pre implementation are:

• define the purpose, and conse-
quently the scope and boundary of
the target system;

• describe the relevant features and
relationships, and hence create the
model design; and

• select the modeling technique to
be used for the model implemen-
tation.

The first step is to clarify the ques-
tion the model is to answer. This question 
is essential to enable scoping of the model 
and setting the boundary of what is to be 
included or excluded.

The model design is then developed 
in response to the purpose, to describe the 
relevant features of the target system and 
their relationships. This includes informa-
tion about what factors influence decisions 
at various points in a process, or knowledge 
that a change in one part of the system may 
induce specific changes in other parts. Some 
relationships may be drawn from scientific 
theory or existing models while others may 
be based on experience. Not all identified 
features and relationships will be able to be 
included in the design, and the designers 
will be required to decide which are most 
important. The objective is to present a co-
herent description of the combined relevant 
understandings about the real world system 
from all participants. The model design is 
often developed as diagrams showing the 
influences between factors and text, logical 
or mathematical rules that describe the ba-
sic operation of those influences.
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The final design step is to select the 
modeling technique. The representation lan-
guage or broad type of technique, such as di-
agram or computer simulation, impacts on 
functionality because of differences in acces-
sibility and how the model can be used. Dif-
ferent techniques within these broad group-
ings can be used in similar ways and therefore 
provide similar functionality. However, there 
are important implications for accuracy, as 
the assumptions of the technique must be ap-
propriately matched with the characteristics 
of the target system (discussed in detail be-
low).

The Build phase converts the mod-
el design to the implemented model 
(subject to revision). Different rep-

resentation languages have different steps 
during this phase. In particular, models using 
mathematical equations or computer sim-
ulation quantify relationships and require 
data to set the parameters. Even games can 
require data to make the rules sufficiently 
realistic to stimulate behavior of interest. In 
contrast, diagrams do not require the same 
type of specification and the Build phase may 
be relatively minor. Despite these differences, 
the objective of the build phase is the same 
for all representation languages: to add detail 
to the model design and clarify any elements 
where there is ambiguity or inconsistency. 
For diagrams and simple board games, the 
Build phase provides a fresh look, perhaps 
clarifying some language or connections, but 
primarily confirming that the model captures 
all the key issues identified during the design 
discussions and envisaged in the model pur-
pose. This involves tracing through all the 
relationships to confirm that no key influ-
ences or constraints are missing, and that the 
connections make logical sense. This process 
should be undertaken jointly by subject mat-

ter experts and the modeler, with the latter 
focused on asking clarifying questions.

For other types of models, building 
the model is a substantial technical process 
where specialists implement the model de-
sign using the agreed modeling technique(s) 
and is primarily the responsibility of the 
modeler. However, it is important for the pol-
icy analyst to remain involved, as there are 
many decisions to be made in interpreting or 
revising design elements and adding detail. 
Changes are common, as the rigor of building 
the model exposes problems with the design. 
For example, analysis may show that the rela-
tionship posited between two variables does 
not exist, or data may turn out to be missing, 
requiring replacement of a variable with one 
that is related and for which there are data.

There are three general steps in the 
Build phase for a mathematical or simulation 
model:

• specifying the relationships as the
model structure;

• parameterizing or calibrating the re-
lationships; and

• constructing the interface.

While these are conducted somewhat se-
quentially, there may be iteration as modifi-
cation and refinement in one step impacts on 
the other two.

The model structure is the set of 
equations or behavior rules that fully specify 
how a change in one element of the model is 
related to the various factors that contribute 
to that change. That is, the model structure 
operationalizes the broad statements of the 
model design. It is determined through a 
combination of scientific knowledge, expert 
judgment, and data analysis.

For example, the model design may 
include a statement that ‘If Z is large, then an 
increase in X will cause an increase in Y’. Is-
sues to be operationalized include: How are 
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X, Y, and Z measured? What is the threshold 
for Z to be considered large? Is this a sharp 
threshold or is there also a smaller effect 
when Z is slightly smaller? What is the shape 
(for example, proportional) of the increase 
in Y for different increases in X? Does the 
increase in Y occur at the same time as the 
increase in X or is there a delay? All of these 
questions (and more) must be answered to 
build the model. Some of these questions 
also involve converting qualitative descrip-
tions (such as ‘large’) to numerical informa-
tion that can be used mathematically. There is 
an art in balancing between too much detail 
(which leads to noninterpretable models and 
the risk of spurious findings that have no real 
world basis) and oversimplification.

The behavior is more important in 
the model structure than imitating the exact 
mechanisms of the represented part of the 
target system. For example, Chick (2006) de-
scribes shadow simulation, where individuals 
are conceptually ‘destroyed’ when they reach 
a queue and the queue counter is increased, 
and then ‘created’ after some time or event to 
represent leaving the queue.

Once the structure is developed, the 
model must be parameterized and calibrated. 
That is, the particular numbers in the struc-
tural equations and rules must be identified 
(parameterization), and their values set us-
ing data wherever possible (calibration). For 
example, it is clear that the number of new 
influenza cases depends on the number of 
already infected people, the proportion of 
those they come in contact with who are not 
immune, and some other number that rep-
resents the contact rate and the transmission 
probability per contact; but the ‘some other 
number’ must be given a specific value such 
as 0.005.

The final step is to build the user in-
terface. The aim here is to allow the policy 
analyst or other user without a modeling 
or technical background to interpret the re-

sults, so it must be easy to enter information 
and understand the results. These results 
may be a single number, a set of numbers 
and graphs describing different aspects of 
the system, or some other summary. Some 
interfaces also allow users to interact with 
the model, for example by varying condi-
tions and seeing how this affects the results. 
The interface should be built (and tested) 
alongside the underlying model so that it 
provides access to the conditions and results 
of interest.

Testing is conventionally separated 
into verification and validation. Ver-
ification checks whether the model is 

an accurate implementation of the design, in 
other words whether the model is built cor-
rectly. Validation checks whether the model 
does what was intended, that is whether the 
correct model is built.

For diagrams, testing involves in-
viting feedback from selected disciplinary 
experts and stakeholders who were not in-
volved in the design. The purpose is to as-
sess whether the diagram is comprehensible 
to people not already knowledgeable about 
what it is intended to convey. Question-
naires and workshops can be used to focus 
the discussion but there should also be op-
portunities for detailed responses to open 
questions.

Mathematical and simulation mod-
els can also benefit from equivalent feed-
back about the model design. However, they 
additionally require different, more formal 
testing processes for the model implementa-
tion. Many such processes have been devel-
oped, suitable for different types of projects 
(77 techniques are listed in Balci, 1997).

Verification is primarily the respon-
sibility of the modeler. Typical techniques 
involve checking test cases with known re-
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sults, particularly confirming that the mod-
el deals reasonably with extreme values 
(Gilbert, 2008). However, the policy analyst 
may become involved if some of the tests 
reveal problems with the design as imple-
mented. For example, data analysis may 
suggest that an expected relationship be-
tween two variables is not supported when 
the model is run with new data.

In contrast, validation requires sub-
stantial input from the policy analyst be-
cause acceptability is a matter of judgment. 
Validation checks that the model behaves 
as expected using test cases, historical data, 
or other examples where the expected be-
havior is understood. Whether a model is 
valid depends strongly on the reasons for 
developing the model and different reasons 
can require substantially different criteria 
(Hodges & Dewar, 1992; Klügl, 2008; Sar-
gent, 2010). For example, a model to com-
pare options is likely to include accuracy 
criteria; computer and mathematical mod-
els should reproduce key behaviors such 
as cycles in growth or delay patterns; and 
games to promote understanding may focus 
on whether behaviors feel realistic to the 
players.

Typically, the modeler will also do 
sensitivity analysis as part of the test phase. 
This analysis varies model settings within 
plausible bounds and examines the effect of 
that variation on the model outputs. If the 
results are reasonable (that is, the model is 
qualitatively valid), the analysis can be used 
to refine the model. Parameters that have 
little impact can be considered for remov-
al from the model or, at least, removal from 
the interface. At the other extreme, param-
eters that give rise to substantial changes 
in model output should be considered for 
further research to reduce the narrow their 
plausible range and reduce the uncertainty 
in the model output.

In the Use phase, primary responsibili-
ty returns to the policy analyst and the 
implemented model is applied to the 

original problem, but the modeler will of-
ten continue to be involved in analysis and 
demonstration activities. This phase has the 
greatest variability in the particular steps 
because of the variety of model functions. 
Typically, however, the model will be used 
in the policy development process for deci-
sion support and/or the model will be pro-
mulgated (with documentation) for use or 
comments by others.

Additionally, if the model is to be 
used and updated as part of ongoing prac-
tice, a training program for users and an 
update plan should be developed. Future 
updating to the model takes two forms: up-
dating internal parameters to reflect current 
information, and changes to the model de-
sign as the real world system evolves or new 
policy is introduced.

As noted above, important functions 
required for dealing with complex 
societal problems can be considered 

in the three broad domains of tasks: syn-
thesize knowledge, manage unknowns, and 
support policy. In practice, there is some 
overlap as much of the support for policy 
and practice change arises from the greater 
understanding of the societal problem pro-
vided through synthesizing knowledge and 
managing unknowns (Bammer, 2013).

Functions in the knowledge synthesis 
domain are those that combine theo-
retical and empirical knowledge from 

relevant subject matter disciplines togeth-
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er with information and perspectives from 
stakeholders or others with an interest in 
the specific problem. This requires tools 
that can help the policy analyst to extract, 
organize, and assemble knowledge, facili-
tate participation and communication, and 
develop a representation of a shared under-
standing.

The first task in knowledge synthesis 
is to elicit the knowledge that is to be syn-
thesized. While a model does not directly 
extract knowledge in the same way as does 
administrative data analysis or conducting a 
survey, the modeler explicitly asks the poli-
cy analyst and other subject matter experts 
for key information about the target system. 
This occurs primarily in the Design phase, 
where competing understandings and dif-
ferent perspectives are drawn out and com-
bined into a coherent set of features and re-
lationships to be included in the model.

Additional refinement and under-
standing occurs in later phases as the rig-
or of Build and Test highlights remaining 
inconsistencies or incomplete information. 
Working with group discussion, rather 
than separate individual contributions, can 
be particularly valuable as the interaction 
identifies priorities, promotes clarity in the 
problem definition and system description 
and supports open discussion of conflict 
(Cockerill et al., 2009; Shackley, 1997). As 
the model is developed, it captures and or-
ganizes the knowledge about the features 
and relationships in a system. Such organi-
zation summarizes and makes accessible a 
shared understanding of the target system, 
and supports a range of policy relevant ac-
tivities. For example, the organized knowl-
edge provides a focus for ongoing design 
discussions, eliciting further knowledge as 
stakeholders respond particularly to those 
elements they believe to be incorrect in 
some way.

In addition, the model as a commu-

nication tool can provide additional knowl-
edge synthesis functionality during the 
Use phase, transferring and consolidating 
understandings through the experience of 
using the model and discussion of analysis 
results. That is, participant users can under-
stand and explore the implications of the re-
lationships they have identified.

Regardless of how much knowledge 
can be amassed and understood in 
the available time, there will still be 

important unknowns that could impact 
on whether potential actions to address 
complex societal problems help or hinder. 
Models can expose unknowns and reduce 
or estimate their impact, but can also intro-
duce new unknowns. Ignorance theorists 
have identified various types of unknowns 
(Gross,  ), of which five are im-
portant for modeling of complex societal 
problems: inconsistency or confusion, in-
accuracy, inherent uncertainty, absence (or 
gaps in knowledge), and irrelevance. 

As for knowledge synthesis, the dis-
cipline of the modeling process provides 
some of the functionality to manage un-
knowns, particularly during the Design and 
Build phases. The focus on a model purpose 
and the objective of simplifying the model 
to the extent possible sharpens discussions 
between participants about whether a pro-
posed feature or relationship is required, 
thereby consciously ignoring irrelevant in-
formation as out of scope. Such decisions 
may, of course, introduce error by incor-
rectly excluding some factors with greater 
influence than those included. However, if 
done well, excluding lower priority knowl-
edge is a pragmatic trade off that accepts in-
completeness to gain simplicity and clarity.

The rigorous description of the fea-
tures and relationships eventually included 
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in the model design reduces both confusion 
and inaccuracy. The representation of par-
tial knowledge highlights gaps by stimulat-
ing questions such as ‘How does A connect 
to B?’. New sources of incompleteness may 
also be identified, as pieces are unable to be 
connected, or questions identify missing in-
formation in perspectives that have not pre-
viously been completely thought through. 
These analyses manage unknowns by mak-
ing them explicit and potentially eliminat-
ing some.

Implementing a model also intro-
duces additional sources of unknowns, 
which can be classified as errors in model 
structure and calibration (Hodges, 1987). 
Structure errors are where the relationships 
(or equations) in the model design do not 
accurately describe the relationships that 
occur in the target system. This may be due 
to lack of knowledge about the true relation-
ship, or constraints imposed by the choice 
of modeling technique (see the discussion 
about accuracy). Calibration relies on data-
sets that are often adapted for use rather 
than specifically relevant for the model. For 
example, the data may be incomplete, mea-
sure different features than required by the 
model, or refer to a different time or loca-
tion.

Verification and validation tech-
niques occur during the Test phase to re-
duce unknowns, but some will remain. For 
a diagram, exposing the model to outside 
comment is an effective way to identify areas 
of the model that may require further con-
sideration. For a mathematical or computer 
model, verification deals with straightfor-
ward and obvious problems such as pro-
gramming errors, but also ensures the model 
is able to deal with extreme or unusual po-
tential simulations. Validation may expose 
inaccuracies in the model design, which 
can then be reduced through redesign. For 
example, data analysis may reveal an influ-

ence between two system components even 
though the design does not contain a rela-
tionship.

Mathematical and computer mod-
els are also able to explore the effects of 
unknowns using sensitivity analysis. This 
is typically conducted by examining the 
impact of changes in inputs on the overall 
model output, but it can also be performed 
on parts of the model to focus on the specif-
ic areas of instability (Brugnach, 2005). Such 
analysis is often conducted by running the 
model with many different sets of inputs and 
parameters that span the plausible range of 
their values. This systematic variation allows 
the impact of the uncertainty in those values 
on the output to be directly measured. Large 
uncertainties may justify specific research or 
data collection to make the input informa-
tion more complete or certain.

Sensitivity analysis can also over-
come false confidence in the model. Mod-
eling introduces distortions through layers 
of abstraction and models are necessarily 
based on imperfect data. The precision of 
model outputs can provide false confidence 
if this uncertainty is not discussed as part of 
the results. Simply documenting data limita-
tions is a way of limiting the effect of the un-
knowns and sensitivity analysis emphasizes 
the effect of those limitations.

Finally, in the Use phase, mathe-
matical or statistical models can propagate 
uncertainties and estimate their effect. This 
is appropriate where information is absent 
and unobtainable but is able to be estimated, 
such as future economic growth, or where 
there is inherent variability, such as rain-
fall patterns. If the distribution of possible 
values for the parameter is known, the dis-
tribution of possible values for the output 
can be calculated. However, this approach 
can quickly become intractable if there are 
many parameters for which their distribu-
tions must be combined.
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The functions of knowledge synthesis 
and unknowns management pro-
vide a detailed understanding of the 

complex problem under consideration and 
therefore a strong base for developing ap-
propriate policy. Models are also used more 
directly as instruments of policy support 
and policy change in several ways. All types 
of models can be used in various commu-
nication roles, such as stimulating new op-
tions or explaining a decision. Mathemat-
ical and computer models are particularly 
effective for forecasting and comparing op-
tions. These functions all occur in the Use 
phase and are more familiar as suitable 
roles for modeling.

Forecasting takes a particular set 
of assumptions that reflect best knowledge 
about how the system operates and extrap-
olates to the future, for example, estimating 
next year’s inflation rate. This provides a 
description about the likely future situation 
and is important for planning where deci-
sions must be made in advance. The effec-
tiveness of forecasting depends on whether 
the model captures enough about the target 
system so that the model’s behavior tracks 
how the system would behave in similar 
circumstances.

For more complex situations, fore-
casting can help to identify potential prob-
lems before they develop and motivate fur-
ther investigation or broaden the range of 
possible options considered to prevent such 
problems from occurring. Alternatively, 
forecasting can help identify opportunities 
and motivate action to take advantage of 
those opportunities. More generally, multi-
ple scenarios or hypothetical situations can 
be modeled to provide ‘what if?’ analysis. 
A scenario is defined by a set of model as-
sumptions and parameters that can reflect 
not just best knowledge but also possible 

situations or policy options. Of course, sce-
narios can be developed without a model, 
through a thought experiment or discus-
sion. The challenge is to develop scenarios 
that are plausible, particularly in complex 
situations with multiple changes or subtle 
influences that make extrapolation difficult. 
A model provides a structured approach 
that captures the relationships between dif-
ferent parts of the system, which ensures 
that an assumed change to one part of the 
system has a realistic impact on the other 
parts. While planning typically focuses on 
more probable scenarios, exploration of di-
verse possible futures that are less probable 
can stimulate new ideas (Cole, 2001; Mah-
moud et al., 2009).

With a mathematical or computer 
model, scenarios can be used to compare 
policy options. Even where pilot programs 
or other experimental processes are fea-
sible, using models to compare options 
avoids the time, expense, practical difficul-
ties, and ethical dilemmas associated with 
trying out different options in real life. Sce-
narios can be tested before implementing 
changes to assess, which are best, enabling 
a decision maker to understand the expect-
ed result of choosing a particular option. It 
may be that ‘best’ is not well defined, with 
scenarios suggesting that options have ad-
vantages against some assessment criteria 
or only under certain conditions, but dis-
advantages against others. In such situ-
ations, using a model can improve policy 
advice by focusing consideration on a small 
set of preferred options and describing the 
trade-offs involved in the decision.

Scenarios can also be created to re-
flect different preferred options from dif-
ferent perspectives. This may show that a 
proposed policy option is not viable or that 
disagreements are unimportant, as they do 
not affect which option is better, helping to 
reduce conflict and move past entrenched 
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positions. A rigorous comparison process 
using scenario analysis can build consensus 
about the best options, which encourages 
adoption (as was done in the Rio Grande 
water planning model (Tidwell et al., 2004) 
described above).

Finally, games or computer simu-
lations can be used to train practitioners 
by providing faster than real time experi-
ence or experience without risk. A familiar 
example is flight simulators, which can be 
used to practice landings and other com-
mon skills for less experienced pilots, and 
also to train for emergencies and other rare 
situations.

To the extent that functionality is
delivered by the way in which the 
modeling process is conducted, de-

sired functionality does not constrain the 
particular modeling technique. Neverthe-
less, there are some implications for the 
broad type of model as some functional-
ity does rely on the model format, partic-
ularly in the Use phase. Generally, com-
munication functions require the model 
to be accessible and comprehensible to 
non-modelers, which is easier with dia-
grams and games than with mathemati-
cal and computer models. On the other 
hand, forecasting and options comparison 
are particular strengths of mathematical 
or computer-based techniques because 
of their detailed specification of relation-
ships.

Diagrams are widely used to pres-
ent information in an accessible way. For 
a pictorial representation to be a diagram 
(as compared to a photograph or a graph 
for example), it must depict key parts and 
explain the relationships between them. A 
wide variety of diagrams therefore meet 
the definition of models. These models are 

essentially structured text to describe the 
important concepts within a system and 
map how they relate to each other. The im-
portance of diagrams to organize informa-
tion for communication is demonstrated 
by their widespread use in textbooks and 
other education materials. They are suit-
able for those problems where the most 
important functionality is knowledge elic-
itation, organization, or transfer, and also 
for exploring unknowns.

The variety of ways in which di-
agrams can support policy development 
is exemplified by the use of Soft Systems 
Methodology to engage a broad range 
of stakeholders in identifying policy op-
tions for cleaning up the heavily polluted 
Cooum River in India (Bunch, 2003). Soft 
Systems Methodology (SSM) is a formal 
process with several elements, including 
development of a ‘Rich Text Picture’—a 
particular type of diagram that combines 
different perspectives about a single issue 
(Checkland & Poulter, 2006). The Rich 
Text Picture developed during a four day 
workshop allowed participants to move 
from a narrow focus on the river to devel-
op more holistic proposals that significant-
ly differed from previous failed initiatives, 
such as awareness campaigns rather than 
simply dredging. It also provided input to 
the design of a simulation model.

Games approach knowledge and 
communication functions in a different 
way. Knowledge is elicited directly, then 
organized, and encoded in the game rules. 
While diagrams make the organized knowl-
edge available by displaying or distributing 
it directly, games communicate indirectly. 
Players respond to the knowledge repre-
sented in the rules by taking actions in the 
game and responding to the consequenc-
es. This provides knowledge consolidation, 
the unknowns of exploration, and training 
functions.
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Many games can be developed 
quickly, even where stakeholders have lim-
ited formal education or resources and no 
experience with modeling. For example, a 
board game was developed with villagers in 
N’Gnith in Northern Senegal to represent 
key issues in land use competition (D’Aqui-
no et al., 2003; Lynam et al., 2003). Play-
ing the game allowed herders and farmers 
to understand the perspective of the other 
group about access to water and facilitated 
consensus about policy options to be inves-
tigated. To investigate the likely outcome of 
the options, the game rules and player be-
havior were converted by the researchers to 
an agent-based model (a form of computer 
simulation), which the villagers were able 
to understand because of their experience 
with the board game.

This use of a computer simulation 
in conjunction with the land use game 
highlights the strength of these (and math-
ematical) models. They are used extensive-
ly for forecasting and options comparison 
because they are able to represent relation-
ships by computer code or equations and 
apply that knowledge to hypothetical situ-
ations to estimate costs, benefits, and other 
consequences of policy decisions even in the 
presence of unknowns. The System Dynam-
ics model used to plan water management 
for a section of the Rio Grande described 
above (Tidwell et al., 2004) is typical of the 
way in which computer simulations are 
used to compare policy options. Model us-
ers could create complicated combinations 
of initiatives and estimate their joint effects. 
For example, individual initiatives include 
low water flow appliances in new and ex-
isting buildings, reducing agricultural land, 
removal of certain plants from the river 
bank, additional reservoir storage, desali-
nation, and many other measures. For this 
project, the model allowed a compromise 
package to be developed by demonstrating 

that packages that were designed by those 
with specific interests (such as environmen-
tal protection) were unable to meet legal 
obligations about water quantity.

The Design and Build phases of 
computer simulation and mathematical 
models provide additional functionality. In 
particular, the rigorous process to define 
the relationships formally elicits and orga-
nizes knowledge and highlights unknowns, 
as the model cannot be run without all con-
nections in place. Furthermore, the Test 
phase compares model outputs to whatev-
er data is available, which provides a check 
for the credibility of believed relationships. 
From these examples, it is clear that there is 
no simple way to map modeling techniques 
and functionality. Much of the functionality 
is delivered through an effective modeling 
process (summarized in Figure 2) rather 
than the particular technique used. This 
is particularly true of tasks such as elicit-
ing and organizing knowledge, which can 
be delivered with any model. In addition, 
in any policy modeling project, the same 
model delivers several different functions.

However, there are some function-
ality differences between broad groups 
of modeling techniques. Computer and 
mathematical models allow forecasting and 
options comparison but the represented 
knowledge is generally less accessible than 
for diagrams and games. Computer mod-
els have an interface with which users can 
try out different decisions to provide expe-
rience based understanding of the system. 
Mathematical models generally rely on the 
modeler running scenarios and providing 
an analysis. Users have only limited direct 
access to the model rules, and the language 
of equations or computer code is usually 
difficult to understand.

These differences make some meth-
ods more or less suitable for certain policy 
objectives. Kelly (Letcher) et al. (2013) eval-
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Phases of the modeling process and their potential to deliver functionality. Not 
all functions are available for all modeling techniques. The general flow of the modeling 
process follows the large arrows from Design to Build to Test to Use, with the potential for 
iteration between Build and Test through increasingly more complete model versions for 
techniques such as computer simulation. In addition, models may go through redesign as 
requirements change or later phases highlight errors or gaps.

uate five techniques for similar functions 
as described in this paper. Ghorbani et al. 
(2014) also assess the suitability of five tech-
niques, but instead focus on 18 potential 
tasks within an options comparison policy 
process. While these analyses both refer to 
specific techniques (with System Dynam-
ics and Agent-Based Modeling included in 
both), much of the suitability arises from the 
trade-off between accessibility and scenario 
testing and which broad group the technique 
sits within (such as computer simulation). 
Other differences are related to the accuracy 
considerations discussed in the next section.

How then can a modeling project 
include the full range of knowledge synthe-

sis and unknowns management if ‘what if ’ 
analysis is also required? To overcome the 
communication limitations of mathematical 
and computer models, the modeling pro-
cess for these techniques usually use other 
models to develop the design. For example, 
Causal Loop Diagrams are typically used 
when developing System Dynamics mod-
els (Sterman, 2000). Similarly, developers 
of Agent Based Models may use UML dia-
grams (Bommel et al., 2014) or games Ly-
nam et al. (2002) as intermediate steps in 
model development. Similarly, the Cooum 
River diagram was used to help develop a 
simulation model for one of the identified 
policy options (Bunch, 2003).
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IV - Accuracy

While the policy analyst is likely to 
focus on the functionality of the 
model, the modeler’s attention 

may be directed to how accurate the model 
is. That is, how well does it capture the rele-
vant features of the target system? Accuracy 
is particularly important for models that are 
used to compare options or make specific 
forecasts about potential future events. How-
ever, even models that simply represent fea-
tures and relationships benefit from greater 
accuracy because they capture and commu-
nicate knowledge instead of misconceptions.

There are two major elements to de-
veloping accurate models. The first is the 
quality of the abstraction of the relevant fea-
tures and relationships while constructing 
the model design, already described. It is 
important that the design process effective-
ly incorporates a broad range of expertise so 
as to understand and describe the important 
elements of the target system that should be 
represented in the model.

The second is the quality of the im-
plementation of that design to create the fi-
nal model. The Test phase corrects the more 
obvious errors. However, there is a more 
subtle issue that is implicit in the selection 
of the modeling technique. It is easy to select 
a familiar technique, but such selection can 
introduce substantial inaccuracy because 
each technique is designed to model systems 
with specific characteristics and frames the 
target system in a different way. Accuracy 
fundamentally depends on how well the as-
sumptions of the technique chosen match 
the structure of the target system so that dis-
tortions are not introduced.

This section describes the assump-
tions imposed by different methods and 
identifies some of the methods that make 
those assumptions. A summary of the var-
ious methods mentioned with a brief de-

scription and references follows (see section 
7). However, the intention is not to prescribe 
a particular method for specific characteris-
tics, but rather to demonstrate the variety of 
methods available and provide guidance on 
the issues to discuss with the modeler.

The distinction between quantita-
tive and qualitative appears simple. 
Quantitative information is expressed 

with some numerical measure, such as time, 
distance, or money. These values are also 
objective, different measurements taken at 
different times by different observers will 
generate the same number. In contrast, qual-
itative information does not have a natural 
numerical measure, and includes abstract 
concepts like opinions or moderators such as 
‘very’. The scoring of qualitative information 
is subjective, with potentially different values 
assigned by different assessors. University 
course designers and textbook publishers 
routinely classify research methods as quan-
titative (e.g., linear regression) or qualitative 
(e.g., interviews).

In practice, there is a great deal of 
ambiguity when classifying modeling meth-
ods. This is primarily because there are two 
properties of methods, which can be as-
sessed as either quantitative or qualitative; 
the type of information that is represented 
within the model, and the way in which the 
relationships between model entities are ex-
pressed. Consider a simple price model for 
widgets that cost $4 to manufacture and 100 
per week are sold for $5, for a profit of $100 
per week. This information is clearly quan-
titative. However, the relationship between 
price and amount sold could be expressed 
qualitatively, such as ‘a large price increase 
would reduce sales’. Thus, it is not necessary 
for the type of information to match the type 
of relationship.
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All mathematical and many computer-based 
techniques express relationships quantita-
tively and can deal only with quantitative 
information. In particular, computer mod-
els that provide a way of understanding, 
accessing, and manipulating mathematical 
and logical relationships fall into this group, 
including the popular methods of Bayesian 
Networks, Discrete Event Simulation and 
System Dynamics.

The advantage of these purely quan-
titative models is that they generate numer-
ical results, so can be relatively easily used 
to forecast and compare options. Continu-
ing the same example, the qualitative rela-
tionship is of limited help in setting prices: 
what is a ‘large’ price increase and how much 
would sales reduce? If instead the relation-
ship between price and number of widgets 
sold is expressed with an equation, it is easy 
to compare total (estimated) profit with dif-
ferent prices. Consider the relationship ∆Q = 
−∆P/2, where ∆ indicates percentage change, 
Q is quantity sold per week and P is price. 
Now the seller can estimate the profit for 
different prices. For example, increasing the 
price to $6 is a 20% price change so would re-
duce the number sold by 10%. This changes 
the profit from $1 to $2 for each widget, but 
only 90 are sold per week. Total profit would 
be $180 per week, a substantial increase from 
the original $100. However, if the reduction 
in sales is given by, say, ∆Q = −3∆P, the same 
price increase would lead to sales of only 40 
per week and profits would fall to $80 (with 
the additional cost of annoyed customers).

To take advantage of the power of 
quantitative methods, researchers may mea-
sure qualitative information using a quantita-
tive scale and then use the data with a quan-
titative model. For example, attitudes are 
routinely assessed by asking survey respon-
dents whether they ‘strongly agree, agree or 
strongly disagree’ with some statement. The 
measurements may then be treated as quan-

titative data for statistical analysis. A differ-
ent type of example is conversion of health 
states such as ‘blindness’ into utility values 
relative to perfect health. This allows the ef-
fect of treatments to be measured in quality 
adjusted life years. These types of quantifi-
cation are explicit and have well established 
validation rules to ensure the conversion of 
the underlying qualitative information is 
reasonable.

In contrast, some modeling meth-
ods implicitly quantify information through 
the modeling process or the assumptions 
inherent in the method. These methods are 
quantitative in their analysis but operate over 
qualitative information, without the formal 
consideration of the effect of quantification. 
For example, the notion of friendship is in-
herently subjective, with some friendships 
stronger than others and two people having 
different thresholds for who they consider to 
be a friend. Nevertheless, a social network 
can be constructed by asking people to iden-
tify their friends, and then powerful tech-
niques from Social Network Analysis (New-
man, 2003) can analyze, for example, which 
person is most influential in the group. In 
a different type of example, similarity be-
tween ideas is quantified in Concept Map-
ping, a method used to group abstract ideas. 
The method includes a process step where a 
similarity score is assigned for each pair of 
concepts by counting the number of people 
who allocate them to the same group. Agent 
Based Modeling (Gilbert, 2008) requires 
logical or mathematical rules to specify how 
the properties of simulated individuals, re-
sources, and other model entities change 
over time, but the properties themselves may 
be qualitative (such as attitude) or quantita-
tive (such as income). These methods are all 
quantitative in their application.

Finally, there are qualitative meth-
ods that do not make any assumptions about 
whether the knowledge to be represented is 
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quantitative or qualitative. Qualitative mod-
els are typically diagrams or possibly a game. 
The method may also include formal steps 
in the modeling process so that the model 
conveys a particular perspective of the target 
system. For example, Soft Systems Method-
ology has several steps, including a formal 
definition of the target system that must meet 
specific criteria (referred to as CATWOE) 
and creation of ‘rich text pictures’ of how the 
target system works (Checkland & Poulter, 
2006). Another example is that of Causal 
Loop Diagrams, that depict how changes in 
one aspect of a system impact on changes in 
some other aspect (Sterman, 2000).

The advantage of qualitative meth-
ods is in their flexibility. They can be used 
to model relationships between issues, ideas, 
people, or any other entities. Relationships 
could be expressed as comparisons (such as 
A is larger than B) or as influences (such as 
A impacts on B) or as descriptors (such as 
A is related to B). As well as being used as 
the implemented model, qualitative methods 
can be used to assist with the design of other 
models, to explore the problem and encour-
age all relevant relationships to be consid-
ered.

While modeling methods cannot be 
neatly partitioned into qualitative or quan-
titative, selecting an appropriate method 
requires the policy analyst and modeler to 
consider the type of available data and how 
the relationships should be expressed. Some 
methods will be more or less suitable in sit-
uations where, for example, important detail 
would be lost by quantifying qualitative in-
formation.

Modeling methods that capture the 
situation at a particular moment 
in time are referred to as static. 

The relevant moment in time could be the 

present, and the model describes some as-
pect of the current situation. Alternatively, 
the model could be set in the past or in a hy-
pothetical future.

In contrast, dynamic modeling tech-
niques explicitly refer to the passage of time, 
representing the processes or activities with-
in a system. For example, dynamic models 
may describe how a change in rainfall leads 
to a change in river flow, or how the parts of 
car move through an assembly plant and the 
time taken at each station. Dynamic models 
that reproduce changes rather than simply 
describe how they occur may also be re-
ferred to as ‘simulations’ because the model 
represents the process of change in a system 
through time.

Causal Loop Diagrams is a popular 
modeling diagram technique for dynamic 
systems, but the design documentation of 
any simulation would be considered dynam-
ic. For example, UML diagrams that describe 
how an Agent Based Model is to be imple-
mented describe how to update each agent 
each time step and are therefore also dynam-
ic. More usually, modeling techniques for 
dynamic systems are those that implement 
the passage of time, such as games, State 
Transition Models, Agent Based Modeling 
and System Dynamics.

Whether a system is to be modeled for 
a specific point in time or over the passage of 
time also impacts on whether other charac-
teristics are relevant to selecting a modeling 
technique. For dynamic models particularly, 
there are several characteristics that affect 
how the system changes over time and must 
therefore be represented in the model. The 
most important are the variability or hetero-
geneity of the model entities, and whether 
there is interaction between these entities. 
Heterogeneity and level of aggregation are an 
important topic for discussion between the 
modeler and the policy analyst concerns the 
amount of heterogeneity. For indistinguish-
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able entities such as water droplets or dol-
lars, it is sufficient to simply keep track of 
their number; that is, water volume or total 
dollars. At the other end of the scale, indi-
vidual entities may be so different that they 
each require separate modeling. For exam-
ple, projects concerning land use may need 
to separately model each parcel of land due 
to different soil conditions and access to 
water. In between these extreme, similar en-
tities may be modeled as cohorts or groups. 
For example, models of health service use 
may define groups by age, gender, and gen-
eral health status because these three fac-
tors affect service needs. These groups must 
capture every individual unambiguously, so 
each individual is counted in exactly one 
cohort.

The usual way to think about this is-
sue is in terms of properties of entities and 
possible states for each property. However, 
it is really an issue of heterogeneity in the 
behavior of an entity of interactions be-
tween entities, rather than heterogeneity 
in the property that contributes to the be-
havior. That is, differences in characteristics 
are only important if they contribute to dif-
ferences in behavior. This is clearest with a 
simple example.

Returning again to the sale of wid-
gets, consider the case where there are two 
types: ‘red’ and ‘blue’. If the relationship 
between price and quantity sold does not 
depend on the color, then a pricing model 
does not need to distinguish between red 
and blue widgets. If, however, there are im-
portant differences, then both relationships 
must be modeled and the model must be 
aware of the type of widget so as to calcu-
late the correct response to a price change. 
One way to deal with this is to have both red 
and blue widgets appear in the model. An 
alternative is to have two separate models, 
one for each color widget. However, there 
are likely to be many system behaviors that 

are the same for both types of widgets (such 
as manufacturing cost or transport times) 
and such duplication would also require all 
those behaviors to be duplicated. Instead, 
it is simpler to have widgets appear in the 
model only once, but estimate the number 
of red and blue widgets wherever the rela-
tionship between price and quantity is re-
quired.

For this example, widgets have the 
property ‘color’ and color can take the two 
values of ‘red’ or ‘blue’. These values are re-
ferred to as states for the color property. 
That is, a widget is either in the red state or 
the blue state.

More generally, model entities have 
properties, each of which refers to some 
aspect of the entity, which affects its be-
havior or its relationship with one or more 
other entities. Each property is described 
by a set of states and an entity is in exact-
ly one of those states at any time. The state 
can be fixed; such as gender in the health 
service use example. Modeled entities can 
also change states; for example, age would 
change over time.

The question for discussion between 
the modeler and policy analyst is how many 
states to include in the model. Continuing 
the age example, is it sufficient to simply 
have ‘child’ and ‘adult’, or perhaps 10 year 
age bands are required, or even individual 
ages such as 0, 1, 2, and so on. There is no 
fixed answer to this question; like other as-
pects of the abstraction of the target system, 
it is a matter of judgment and compromise. 
States should capture any relevant differ-
ence in behavior or relationship. That is, 
where behavior differs significantly based 
on some property of the entity, then differ-
ent states should be available to ensure the 
correct behavior can be selected.

Modeling techniques differ in their 
capacity to represent multiple states. There 
are two broad approaches. Entities operat-
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ing within the system can be represented 
by cohorts of identical (or homogeneous) 
individuals, or each individual can be sepa-
rately represented in the model.

Many modeling techniques de-
scribe entities at the cohort or group lev-
el. A cohort captures all the individuals in 
the same state: for example, females aged 
20–29. For each cohort, the model tracks 
the number of individuals represented by 
the state. In cohort models, the individu-
als within the cohort are simply counted 
and hence treated identically. That is, any 
differences in behavior or relationships of 
individuals within the cohort are averaged 
out because individuals are indistinguish-
able from the others in the same state. This 
means that only differences captured by 
the definition of states (gender and age in 
the example) are assumed to have an ef-
fect. For those properties where states can 
change, a change in state nominally moves 
an individual from one cohort to another 
by changing the count for each affected co-
hort. Even where individuals do not have 
exactly the same behavior, a cohort model 
may be useful where the average behavior 
is a good approximation.

Alternatively, where there are sig-
nificant relevant differences in behavior, 
additional states can be used to create 
smaller cohorts that are internally more 
homogeneous. In practice, the number of 
states can get out of hand very quickly be-
cause each combination of states must be 
considered. For example, for a disease pro-
gression model with two genders, four age 
groups, three risk factor status categories, 
and three disease history categories, there 
are 72 cohorts if fully modeled. Further, the 
model must also include the ways in which 
individuals move between all the cohorts; 
so 72 cohorts will require over 5,000 transi-
tion arrangements (though many are likely 
to be ‘no transition possible’). Therefore, it 

is important to limit the number of states 
wherever possible to avoid very complicat-
ed models that require many parameters 
for each relationship.

In contrast to cohort models that 
are simply counting individuals in partic-
ular state combinations, individual-based 
models keep track of each (simulated) in-
dividual. That is, if there are 25 individuals 
with the same set of states, a cohort model 
will group these individuals together and 
register that the cohort has 25 entities. An 
individual model, however, will have 25 
instances of that entity in the model. Indi-
vidual modeling is therefore resource in-
tensive, but there are several reasons why it 
may be more appropriate.

Where there is substantial relevant 
heterogeneity, modeling individuals avoids 
the need to create a very large number of 
cohorts and relationships for transitions 
from one to another (as already men-
tioned). One important source of such 
heterogeneity is personal history or expe-
rience. For example, success in obtaining 
employment may depend on the pattern of 
previous employment rather than simply 
the proportion of time employed and the 
number of jobs—four years unemployed 
then three jobs of two years each is very 
different than one job of five years then two 
jobs of a few months each with two years 
unemployed between each. It would not be 
feasible to construct states for each pattern.

A different type of heterogeneity 
arises in models of systems where some 
concept of location or neighborhood is im-
portant. For some systems, this may be spa-
tial or geographic. For example, in the land 
use model already described (D’Aquino et 
al., 2003; Lynam et al., 2002), to water and 
other features such as soil type are insep-
arable from geography. For other systems, 
the neighborhood is defined by personal 
network rather than physical location. For 
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example, a model to help manage sexual-
ly transmitted diseases must include sex-
ual contact patterns. As with the personal 
experience examples, it is not practical to 
construct cohorts for all the different com-
binations of states and estimate transition 
rates.

In these situations it is also much 
more natural to model the heterogeneity 
directly by using individuals instead of 
cohorts. Individual modeling allows the 
spatial or network structure to be explic-
itly included in the model: individuals are 
‘at’ a location or pairs of individuals are 
connected in the network. Common tech-
niques are Agent Based Modeling and, if 
the network is important, Social Network 
Analysis.

Individual modeling is also appro-
priate where certain states or combinations 
of states are rare, so as to avoid rounding 
problems. The number of people repre-
sented in a relatively rare cohort may be 
very small and any behavior that occurs for 
some fraction of the cohort could lead to 
‘part’ individuals. For example, if the annu-
al death rate is 0.2 for a specific age group, 
a cohort model can reduce the cohort size 
by 20% during a year timestep, but an in-
dividual model will instead calculate a ran-
dom number for each person and ‘kill’ that 
person if their random number is less than 
0.2. For large cohorts, the two approach-
es will lead to similar results. However, 
consider a cohort comprising only three 
people, sometimes there will be 0, 1, 2, or 
even 3 deaths. In any case, there won’t be 
0.6 deaths; the result under the proportion 
approach, and rounding to 1 death each 
timestep would result in too many deaths 
during the simulation. Individually simu-
lated State Transition techniques and Dy-
namic Microsimulation are effective for 
dealing with these situations.

Complex policy issues typically in-
volve considerable interaction be-
tween the entities within the sys-

tem. After all, complex behavior arises 
from interactions rather than the behavior 
of the entities individually. To reproduce 
the complex behavior, the modeling tech-
nique must be able to take into account the 
form of those interactions as well as the 
entities involved. For static models, such 
taking into account may be simply docu-
menting or describing the interactions. Dy-
namic models, however, must include the 
influence of interactions when simulating 
the system’s behavior through the passage 
of time.

There are three broad levels of in-
teraction. Some behaviors will be indepen-
dent; that is, there is no interaction. Indi-
rect interaction arises where the behaviors 
of one entity affect the behaviors of some 
other entity without any contact. Typical-
ly this occurs by imposing constraints and 
hence changing their options, for example, 
by making resources unavailable. Direct in-
teraction is more explicit; the behavior of 
one entity in the model is affected by the 
actions of some other entity with which it 
has contact. Interaction may occur between 
entities of the same type or different types.

Two of the simplest models to show 
complex behavior concern population 
growth. Consider a population of newly in-
troduced rabbits in a large grassland where 
there is no natural predator. Each rabbit 
has some age dependent chance of dying 
each year and, if female, some other chance 
of giving birth. Conceptualized simply as 
fixed probabilities, each rabbit’s life path is 
independent of all the other animals; that is, 
it is not affected by the number or activity 
of other animals. Eventually, however, the 
grassland will be overrun with rabbits and 
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food availability will decrease. Once this 
occurs, the life paths of rabbits are affected 
by the other rabbits, with death rates de-
pending on rabbit density. This constrained 
population growth Verhulst (1838) is an 
example of indirect interaction mediated 
through the environment. If wolves migrate 
to the grassland, they will be directly inter-
acting with the rabbits by eating them. The 
populations of rabbits and wolves become 
completely interdependent Lotka (1956). In 
these examples, the appropriate interaction 
to be included in a model of the rabbit pop-
ulation depends not only on characteristics 
of the rabbits, but also their environment.

The characteristics of interaction 
and heterogeneity may be considered to-
gether when selecting a modeling tech-
nique (Kelly (Letcher) et al., 2013). This is 
because cohort models are able to incorpo-
rate indirect interaction and some types of 
direct interaction without difficulty, where 
that interaction is related to the size of a 
group. However, individual oriented mod-
els are more flexible in the ways in which 
an entity recognizes the behavior of other 
entities, and thus able to deal with a broader 
range of interactions.

Desired functionality has only lim-
ited impact on the specific model-
ing technique, operating at broad 

type of technique such as diagrams, games, 
mathematical model, or computer simu-
lation. In contrast, specific methods make 
different assumptions about the character-
istics of the system being modeled. A mis-
match between these assumptions and the 
actual target system characteristics limits 
the potential accuracy of the model, as the 
technique may not be able to represent im-
portant relationships.

Classifying techniques by their as-

sumptions is complicated by at least two 
difficulties. First, there is no list of tech-
niques and many techniques are known by 
several names. Second, while the assump-
tions have been presented with distinct cat-
egories, real systems and techniques do not 
necessarily separate neatly and techniques 
are constantly being modified to extend the 
problems for which they are suitable.

One approach is to compile and de-
scribe several methods, using examples and 
typical types of problems to provide guid-
ance on appropriate techniques (Complex 
Systems Modelling Group, 2010; Gilbert 
& Troitzsch, 2005), perhaps supplemented 
with some questions to help select a method 
Kelly (Letcher) et al. (2013). Alternatively, 
methods can be grouped for convenience of 
discussion but without any specific struc-
ture (Brailsford et al., 2009). Formal taxon-
omies of commonly used methods in health 
technology assessment (Barton et al., 2004; 
Brennan et al., 2006; Stahl, 2008) have par-
ticularly focused on issues of aggregation 
and interaction, but also considered time, 
space, and other characteristics.

See the appendix for a non-compre-
hensive list of several well-known and less 
familiar methods with brief descriptions. It 
identifies their assumptions, but does not 
classify by them. The methods are all poten-
tially useful for analyzing complex policy 
issues, selected for their diversity.

V - Conclusion

This paper presents a policy modeling 
framework with three themes: func-
tionality, accuracy, and feasibility. 

The primary purpose of the framework is 
to identify key issues involved in selecting 
a modeling technique. However, it can also 
be used to structure more general policy 
modeling issues and support effective col-
laboration.
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Functionality concerns ways in 
which modeling can be used to support 
broader policy objectives; the reason(s) 
why construction of a model is the most 
appropriate methodology to investigate the 
policy issue. While this is of most impor-
tance to the policy developer, the modeler 
must understand these objectives in order 
to deliver a useful model.

Much of the functionality arises 
through the modeling process and is rel-
atively independent of the modeling tech-
nique selected. However, broad groups 
of modeling techniques do have differ-
ent strengths. Mathematical or computer 
models are required for forecasting, but 
this power comes at the cost of some loss in 
accessibility and hence potential for com-
munication. Regardless of the technique 
chosen, models can help to synthesize 
knowledge and manage unknowns, and 
thereby encourage a broad understanding 
of the policy issue and options.

In contrast, accuracy substantial-
ly depends on which modeling technique 
is selected. Each technique has assump-
tions that can match or conflict with im-
portant characteristics of the system being 
modeled, such as whether heterogeneity 
is important and the extent to which the 
behaviors of entities within the system are 
independent. Abstraction must retain the 
relationships that are important in gener-
ating the system behavior and represent 
those in the model if the model behavior 
is to provide guidance about how the sys-
tem would behave under different condi-
tions. Policy developers rely on the mod-
eler’s skill to develop a sufficiently accurate 
model, and are unlikely to understand the 
implications of different techniques. The 
framework identifies the key issues to al-
low the policy developer to be involved in 
the decisions that affect the accuracy of the 
model.

Feasibility concerns the resource 
requirements for the policy modeling proj-
ect. Like functionality, these are largely 
independent of the modeling technique. 
However, quantitative methods such as 
mathematical or computer simulations re-
quire extensive data if the model is to be 
used for forecasting or for detailed com-
parisons of options. Skills, knowledge, 
time, and other resource needs depend 
on the issue and the intended depth of the 
model more than the modeling technique.

The framework is intended as a 
discussion guide, not a set of rules about 
what is appropriate for particular policy 
analyses. In practice, it is often necessary 
to compromise on some aspects to meet 
other, more important, objectives. Such 
compromises are best decided between the 
policy analyst and the modeler, with both 
understanding the positive and negative 
consequences of the decisions. The frame-
work and the details about each dimension 
provide a starting point for these decisions.
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VII - Appendix: List of Selected 
Modeling Techniques

This list is not comprehensive; it focus-
es on modeling techniques referred 
to in the paper and others that are 

policy relevant. Each technique is briefly de-
scribed with its assumptions. The references 
provide authoritative descriptions of how to 
use these methods, but are generally techni-
cally sophisticated.

Concept mapping: Static diagram method 
that uses (mathematically calculated) sim-
ilarity to organize qualitative information 
collected during a brainstorming phase 
(Trochim et al., 2004).

Soft Systems Methodology: Static diagram 
method that combines different detailed 
qualitative perspectives about a policy issue 
(Checkland & Poulter, 2006).

Flowcharts: Dynamic diagram method that 
describes processes, combining both quan-
titative and qualitative information. The 
chart consists of a series of boxes denoting 
activities and decisions steps, with arrows 
indicating the sequence. Decision steps have 
multiple paths emanating and sequence 
choice depends on some question (such as 
whether resources are available) that may 
involve interaction.

Causal Loop Diagrams: Dynamic diagram 
method that focuses on the flow of groups 
of people or resources through a system and 
their accumulation at different points (Ster-
man, 2000). Qualitative, aggregated, and 
captures interaction.

Social Network Analysis: Combination 
of a (usually) static diagram and quantita-
tive measures. The diagram identifies some 
relationship between people, countries, or 

other individuals of interest. The power of 
the method arises from the analytical tech-
niques that are applied to the diagram to 
understand the implications for influence of 
the relationship structure (Newman, 2003).

Games: A generic term intended to cover 
computer-based serious games, board games 
and role playing games such as military ex-
ercises. Games are modeling techniques in 
the sense described in this paper where the 
game has a policy relevant purpose and the 
rules are intended to represent some target 
system and induce realistic behavior from 
human participants. Dynamic, qualitative, 
individual, and captures interaction.

State Transition models are a general term 
for many closely related methods that are 
known by different (and sometimes incon-
sistent) names. All are quantitative, but oth-
er characteristics depend on the particular 
implementation. Bayesian Networks com-
bine a diagram with probability values, and 
can be either dynamic or static. The model 
describes how the probability of one entity 
being in a particular state depends on the 
states of other entities; with a network dia-
gram depicting the interacting entities in-
fluence that probability (Koller & Friedman, 
2009). Dynamic models without interaction 
are often known as Markov Chains, and are 
used to simulate processes where there are 
inherent probabilities of changing from one 
state to another (such as healthy to symp-
tomatic). State Transition models can oper-
ate at either the individual or aggregate level.

Microsimulation: Data intensive dynamic 
computer method that models individuals 
without interaction. Uses detailed adminis-
trative data to create a synthetic population, 
adjusts the simulated individuals to take 
into account changes since the data were 
collected (such as ageing), and then assess-
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es the impact of policy options on different 
sub-populations (Harding, 2007). These can 
be considered very detailed individual Mar-
kov Chains.

System Dynamics: Dynamic computational 
method that focuses on the flow of groups 
of people or resources through a system and 
their accumulation at different points (Ster-
man, 2000), equivalent to the mathematical 
method of systems of differential equations. 
Quantitative, aggregated, and captures inter-
action.

Discrete Event Simulation: Dynamic com-
putation method that focuses on the move-
ment of individuals through a system (Banks 
et al., 2009), equivalent to the mathematical 
method of queuing theory. Quantitative, in-
dividual, and captures interaction.

Agent Based Modeling: Dynamic compu-
tation method in which individuals perceive 
their environment (including other individ-
uals) and adopt actions based on their situa-
tion (Gilbert, 2008). Quantitative (or logical) 
relationships, individual, and captures inter-
action.
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Introduction

In many ways twenty-first-century sci-
ence still bears the footprint of four-
teenth-century reductionism in the 

form of Occam’s Razor, postulating that 
simpler explanations are always to be pre-

ferred over more complicated ones. While 
the exact meaning intended by William 
of Ockham may be somewhat elusive and 
subject to historical drift, a quote attribut-
ed to Albert Einstein, perhaps apocryphal-
ly—“Everything should be as simple as 
possible, but not simpler”—seems to follow 
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along the same line of thought, while per-
haps suggesting additional nuance. Con-
siderable debate could be focused on the 
meaning of simplicity, but it seems useful to 
turn 180 degrees and ask how complex do 
we need things to be?

Traditionally the answer to such a 
query in medicine and public health has 
been to simplify as much as possible, to 
get as close as possible to the tight control 
seen in laboratory sciences. Thus, the ran-
domized clinical trial or community exper-
iment, trying to make things as simple as 
possible through control and exclusion, are 
seen in public health and medical science 
as the gold standard. However, there is in-
creasing reason to believe that some of the 
benefits of the simplicity that comes from 
the tight control of extraneous variables 
may be illusory, and there is increasing dis-
cussion of the limitations of the knowledge 
that come from such methods (Ioannidis, 
2005).

This is not just a theoretical prob-
lem, but casts shadows on many areas of 
both public health science and practice. We 
suggest that this is particularly true for re-
search that is focused on the “social deter-
minants of health (SDOH)” (Galea, 2007; 
Kaplan, 1985; Kaplan, 2004; Kaplan, Ever-
son, & Lynch, 2000; WHO Health Com-
mission on Social Determinants of Health, 
2008). With their wide footprint on health 
on other determinants of health such as be-
havior, SDOH present paradigmatic case 
studies of tightly interrelated and causally 
tangled problems, far beyond the historic 
concepts of the web of causation, and not 
easily subject to a dissecting out of inde-
pendent causes, or experimentation. They 
are, in short, complex problems not easily 
suited to either the rarified atmosphere of 
randomized clinical trials or communi-
ty experiments—their complexity simply 
doesn’t easily admit to such approaches.

The increasing realization of the im-
portance of SDOH and the growing realiza-
tion that a full understanding of SDOH re-
quires an understanding of the role of social 
determinants as complex systems, creates a 
conundrum: should we ignore the SDOH 
because of their complexity, or should we 
challenge the conventional wisdom that 
values reductionism and the analytic ar-
mamentarium, much of which attempt to 
mimic experimental designs, that accom-
panies it? 

Fortunately, starting in the 1940s a 
set of tools, representing the influences of 
systems theory, cybernetics, and artificial 
intelligence began to be developed to deal 
with complex systems, and they are increas-
ingly being applied to the study of popula-
tion health and health disparities (Yoav & 
Kuh, 2002). Generically referred to both as 
“systems science” and “complex systems” 
approaches, the toolkit for using such ap-
proaches is now available to public health 
researchers and such tools are beginning to 
be used to study the impact of SDOH on 
health and health disparities.

In what follows, we will briefly de-
scribe some of the evidence that SDOH are 
related to health outcomes, and then de-
scribe the complex, multi-level, and multi-
scale pathways that characterize two social 
determinants of health (socioeconomic po-
sition, neighborhood characteristics). We 
will characterize some of the challenges that 
this complexity presents to our analysis and 
understanding, describe an approach to un-
derstanding complex systems using agent-
based models (ABMs), and then illustrate 
how ABM can be used, , to address 
counterfactuals about the role of education 
and neighborhood characteristics in ra-
cial/ethnic disparities in body mass index 
(BMI). We will close with some thoughts on 
the strengths and limitations of such an ap-
proach, and promising areas for their use.
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Social Determinants of Health 
(SDOH)

The World Health Organization de-
fines SDOH as “…the circumstances 
in which people are born, grow up, 

live, work and age, and the systems put in 
place to deal with illness. These circum-
stances are in turn shaped by a wider set 
of forces: economics, social policies, and 
politics” (WHO Health Commission on 
Social Determinants of Health, 2008, para. 
6). This definition, in itself, is broad and its 
breadth tempts some to dismiss it. How-
ever, there are several important aspects 
of the definition that are forward looking 
and consistent with a growing body of lit-
erature, suggesting that this definition can 
help clarify a necessarily broad area of 
intellectual and pragmatic import. First, 
there is a large research base, much of it 
coming from social epidemiology and re-
lated fields, that supports the importance of 
the factors—even if many—mentioned in 
the definition for the production of popula-
tion health. Second, the SDOH perspective 
explicitly adopts a life course framework, 
rapidly gaining credence as a viable lens 
through which we can consider the pro-
duction of multiple dimensions of multiple 
population health (Koenen, Rudenstine, 
Susser, & Galea 2013; Yoav & Kuh, 2002), 
and third, by including “economics, social 
policies, and politics,” as shapers of life cir-
cumstances it considerably broadens the 
view of what causes some people or groups 
to be sick while other remain well (Evans, 
Barer, & Marmor 1994; Evans, Whitehead, 
Diderichsen, Bhuia, & Wirth, 2001; Galea 
2007; Kaplan 1995).

This comprehensive “cells-to-so-
ciety” framework for understanding the 
SDOH, therefore suggests the need for 
a multi-level, multi-scale, and dynamic 
life course perspective brings. While we 

suggest here that this is indeed the right 
framing for the SDOH, this approach also 
brings with it many analytic and conceptu-
al challenges to the dominant reductionist 
view. Fortunately, as will be described be-
low, they are challenges that systems sci-
ence and complex systems approaches are 
particularly well-suited to address, mak-
ing these approaches, perhaps inexorably, 
a core component of SDOH research and 
practice in coming decades. We illustrate 
this first by focusing on two examples.

Two SDOH

SEP, a more inclusive term than “so-
cioeconomic status,” is one of the car-
dinal social determinants of health, 

with its impact felt on most health out-
comes, across the life span, and over time 
and place (Braveman, Cubbin, Egerter, 
Williams, & Pamuk, 2010; Haan, Kaplan, & 
Syme 1989; Kaplan 2009; Lynch, Kaplan, & 
Shema, 1997; Pamuk, Makuc, Heck, Reu-
ben, & Lochner, 1998). There are many 
dimensions to SEP, but by far the most at-
tention has been given to income and ed-
ucation. Many studies have established a 
relationship between income and risk of 
death. For example, in the United States, 
data from National Longitudinal Mortal-
ity Study (NLMS), based on 7.6 million 
person years of follow-up over 10 years 
(see Figure 1), there is a strong and non-
linear gradient between income and risk 
of death (Wolfson, Kaplan, Lynch, Ross, & 
Backlund, 2000); this has also been found 
by others (Dowd et al., 2011). Recent work 
by Kaplan and colleagues (in progress) 
suggests that the inflection point has been 
moving rightward, so that now for roughly 
50% of the population there are increasing 
returns on health from increasing income. 
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Similarly strong patterns in the NLMS are 
shown for poor health in relationship to ed-
ucation and life expectancy, with a five year 
difference in life expectancy for those with 
a college education compared to those who 
have not completed high school (Braveman, 
Egerter, & Mockenhaupt, 2011). While the 
associations between income and education 
and health outcomes are often stylistically 
characterized as consistent “social gradi-
ents” (Adler et al., 1994), and it is true that 
there is a generally consistent and mono-
tonic pattern, the form of this pattern and 
its strength varies across time and place 
(Lynch 2003; van Raalte et al., 2012). Why 
would this be true? One possibility is that 
viewing the apparent simplicity of the asso-
ciation leads one to ignore the complexity 
of the social, behavioral, and biological pro-
cesses that underlie the patterns that are ob-
served, all of which may change over time. 
Figure 2 presents some, but not all, of the 
possible candidate pathways, each of which 
is supported by empirical findings. For ex-
ample, while single measures of income are 
often used in epidemiologic studies, clearly 
a single measure does not represent the ebb 
and flow of income associated with life stage 
and the rises and falls of the economy (Dun-
can, 1996), and income trajectories may be 
important as well (Johnson-Lawrence, Ka-
plan, & Galea, 2013). Further, disposable 
income is produced by income from work, 
investments, government transfers, etc., all 
of which are adjusted by the tax system. The 
job that generates income comes along with 
associated resources and risks (Benach, 
Montaner, & Santana, 2007), and access to 
that job reflects both educational attain-
ment and degrees (Ewert, 2012), moder-
ated by macroeconomic factors effecting 
the economic returns on education (Hout, 
2012) and current and historical patterns 
of discrimination and steering along racial/
ethnic and gender lines (Pager & Shepherd, 

2008). All of this occurs within a commu-
nity context with its associated patterns of 
job availability and creation (Owens, 2012), 
spatial mismatch (Gobillon, Selod, & Ze-
nou, 2007), social capital (Sampson, 2009), 
schools, food supply, recreational resourc-
es (Braveman et al., 2010), healthcare, and 
residential mobility (Sampson & Sharkey, 
2008). Intergenerational effects are also crit-
ical (McGarry & Schoeni, 1995), as is the ef-
fect of early health on future SEP (Maslow, 
Haydon, McRee, Ford, & Halpern, 2011).

While epidemiology has long fo-
cused on environmental expo-
sures by “place,” the last 30 years 

or so have seen an expanding focus on other 
characteristics of places and their effects on 
a variety of health outcomes (Diez Roux & 
Mair, 2010; Kaplan, 1996; Kawachi & Berk-
man, 2003). Much of this work has focused 
on spatial proxies for “neighborhoods,” 
often measured at scales (census tract, zip 
code, etc.) driven more by the availability of 
data than by theory, but generally tapping 
variation along socioeconomic, occupa-
tional, and social dimensions (Auchincloss, 
Gebreab, Mair, & Diez Roux, 2012). An 
early example is the work of Haan, Kaplan, 
and Camacho who examined the associ-
ation between poverty area residence and 
risk of death for Oakland, CA respondents 
in the Alameda County Study (Haan et al, 
1987). Study participants who lived in Fed-
erally-designated poverty areas had an ap-
proximately 50% higher risk of death over 
the next nine years compared to those who 
lived in nonpoverty areas, even when a wide 
variety of socio-demographic, behavioral, 
and psychological factors were taken into 
account. Poverty area residence was also 
associated with changes over time in phys-
ical activity and perceived health, as well 
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as risk of developing depressive symptoms 
(Yen & Kaplan, 1998; Yen & Kaplan, 1999). 
In another study in Alameda County, clus-
ters of socio-demographic, socioeconomic, 
and environmental quality measured at the 
zip-code level were prospectively associated 
with risk of death. In that study, respondents 
who lived in zip codes with elevated mortal-
ity were more likely to have a wide variety 
of social, socioeconomic, behavioral, and 
socio-environmental risk factors such as 
low education and income, being unable to 
fill a prescription, obesity, social isolation, 
living in an unsafe neighborhood, being a 
crime victim, physical inactivity, and cur-
rent smoking (Kaplan, 1996).

More recent work connecting neigh-
borhood conditions to health outcomes 
has focused on traffic, noise, crime, trash 
and litter, lighting, and public transporta-
tion (Stark et al., 2013), the food environ-
ment (Stark et al., 2013), segregation (Ace-
vedo-Garcia et al., 2003), collective efficacy 
and social capital (Sampson, Raudenbush, & 
Earls, 1997), walk ability (Auchincloss et al., 
2013), deprivation level (Cubbin, Hadden, 
& Winkleby, 2001), and many more neigh-
borhood characteristics (Kaplan, 1996). 
Much of this work takes the neighborhood 
environment as fixed and given, and does 
not interface with the large literature on 
the factors that contribute to neighborhood 
formation and change (Sampson, 2013; 
Sharkey, 2013; Wilson, 1997). However, 
neighborhoods are the results of historical 
and contemporary interacting forces act-
ing over time. Figure 3 portrays just a few 
of the forces acting on neighborhoods that 
shape the racial and economic composition 
of those neighborhoods, both strongly as-
sociated with health, and to that we could 
add the social and political forces that drive 
metropolitan fragmentation (Orfield, 2002), 
also related to health outcomes and health 
disparities (Andre Hutson, Kaplan, Ranjit, 

& Mujahid, 2012).
As in Figure 2, Figure 3 leaves out 

many potentially important pathways, but 
even in this simplification we see a dense 
network of interacting forces, operating over 
time and over the life course, that determine 
the composition, resources, and risks asso-
ciated with living in a particular place. It 
is this dynamic interplay of determinants, 
across numerous scales and levels, that de-
termines the composition and character of 
places, the risk, resources, and opportunity 
structures in those places, and it is the com-
plexity of these processes that is masked in 
much of the neighborhood-health litera-
ture. It is unlikely that simple or multi-lev-
el regression techniques are up to the task 
of capturing the complexity of this system, 
and identifying independent effects seems 
implausible. Thus, it should come as no sur-
prise when the results of interventions at 
the neighborhood level do not necessarily 
lead to anticipated outcomes (Kessler et al., 
2014).

There are several features worth not-
ing about both socioeconomic and neigh-
borhood effects on health, as represented in 
Figures 2 and 3. First, both seem to require 
a multi-level perspective that includes indi-
viduals, families, communities, and institu-
tions, plus all the more proximal biological 
pathways that led to health outcomes. They 
also represent what we can characterize as 
multi-scale systems, with multiple temporal 
and spatial scales. In addition, they are sys-
tems in which time and the dynamic pro-
cesses over time, at many scales, are critical. 
These multi-level, multi-scale, and temporal 
processes, with considerable positive and 
negative feedback are the  of 
complex systems.

While the patterns shown, which 
are surely, an under-specification of the 
important pathways, are complicated, they 
are more than that, they are complex. Com-
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plicated systems can usually be reduced to 
independent component parts and the im-
pact of changes in one component can be 
examined (Miller & Page, 2007). Much of 
our experimental and analytic armamen-
tarium is devoted to the analysis of such 
systems, and the search for independent 
causes (Pearce, 2006; Rothman, & Green-
land, 2005; Rubin, 2005). Complex sys-
tems, on the other hand, consist of multiple 
interacting causes with dense, and some-
times nonlinear, feedback. Altering or dis-
secting out one component of a complex 
system dramatically changes the behavior 
of the system (Miller & Page, 2007). This 
is a critical distinction and is a critical ele-
ment motivating building a bridge between 
the study of complex systems and SDOH.

Complex Systems

There is no agreed-upon definition of 
what constitutes a complex system, 
but there are general characteristics 

that appear in most definitions. Reference 
is usually made to systems with multiple 
parts that interact in relatively simple, but 
structured, ways while generating system 
output that is not reducible to the sum of 
the individual components. First, the ele-
ments of a complex system (people, mole-
cules, nation states, etc.) are heterogeneous 
with regard to their properties and behav-
ior. Second, current states influence future 
states and often the dynamics are nonlin-
ear. Third, networks connecting elements 
of the system can have dramatic effects on 
the behavior of the system. Fourth, feed-
back loops allow for learning, adaptation, 
and modification of behavior. Fifth, what 
has been called emergennce is often found 
(Axelrod, 1997a; 1997b). In such cases, 
small changes can have large and unpre-
dictable consequences, with the whole be-
ing greater than the sum of its parts. Final-

ly, stochasticity is the rule.
Importantly, because of the struc-

tured interactions, nonlinear dynamics, 
emergent system behaviors, and other 
properties characterizing complex systems, 
the piece-meal dissection of such systems 
is not likely to be particularly informative, 
and may even misleading. This is a critical 
insight for the consideration of complex 
systems approaches in our SDOH scholar-
ship—in many instances, failure to consider 
SDOH using a complex systems approach 
is not only noncontributory, but may po-
tentially be wrong. Informed by this real-
ization, complex systems approaches have 
been applied to many areas of inquiry, in-
cluding economic systems, social systems, 
biological systems, ecological systems, en-
vironmental systems, information systems, 
organizations, geography, psychology, and 
political strife, and within the last two de-
cades they have been quite successfully ap-
plied to infectious disease transmission and 
more recently are beginning to be applied 
to topics in social epidemiology and public 
health (Auchincloss et al., 2011; Axelrod, 
1997, Axelrod & Epstien, 1997; El-Sayed et 
al,. 2012; Epstein, 2006; Galea, Hall, & Ka-
plan, 2009; Galea, Riddle, & Kaplan, 2010; 
Hammond & Ornstein, 2014; Lempert, 
2002; Luke & Stamatakis, 2012; Marshall et 
al., 2012; Ness, Koopman, & Roberts, 2007; 
Yang et al., 2011).

While there are many approach-
es to understanding complex 
systems, agent-based models 

(ABMs) represent a potentially fruitful way 
of exploring dynamic systems and their 
behavior where there is interest in both 
individuals and populations, multi-level 
and multi-scale determinants, nonrandom 
patterns of connection between individu-
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als, heterogeneity in both individuals and 
the environment in which they live, change 
over time, and a desire to address counter-
factuals of both theoretical and policy im-
portance that are not easily amenable to ex-
perimental manipulation. An ABM is an 

 instantiation of a theory of a complex 
phenomenon with a model based on that 
theory that is sufficiently well-specified 
that it can be translated to computer code 
and its behavior observed under various 
conditions and at various times. The mod-
el can be seen as an explicit theory of the 
phenomena under inquiry, and used to test 
various theoretical propositions (Epstein, 
1996; Epstein, 2006; Miller & Page, 2007). 
One advantage of an ABM approach is the 
explicit demands it makes of the modeler 
to specify anticipated relations explicitly; 
absent that the model will not run. Poten-
tially, this requires specific documentation 
of every assumption, every parameter and 
rule (sometimes in the 100s), and means a 
level of transparency seldom available oth-
erwise, although documenting and making 
available the elaborate code for inspection 
by others brings with it its own logistical 
problems (Bankes, 2002).

The ABM is an abstraction that per-
mits us to simulate the impact of changes at 
any level of the model and see the evolution 
of the system in response to those changes. 
Because it explicitly allows an examination 
of change over time, it allows us to docu-
ment different time signatures associated 
with these changes. Like any abstraction, 
the simulation is only valuable to the ex-
tent that it provides useful insights, pro-
vides explanation for observed phenom-
ena, and stimulates new inquiry. Epstein 
provides a list of 16 benefits of such simu-
lation modeling (Epstein, 2008). Of course, 
many analytic techniques engage in an ana-
log of simulation, for example, asking what 
would happen if the distribution of some 

covariate was the same in different groups. 
What is different about agent-based com-
putational techniques is that they allow us 
to ask “what-if ” questions in the context 
of far more complex circumstances where 
heterogeneity, nonlinearity, feedback, and 
connectivity are the rule, something not 
easily, or at all, accomplished with con-
ventional analytic techniques (Berry, Kiel, 
& Elliott, 2002). Furthermore, the goal of 
ABMs is generally not to accept or reject 
specific hypotheses or indicate our con-
fidence in value of certain parameters, al-
though they are not out of the reach of such 
simulations. There is another major differ-
ence. ABMs cannot practically be reduced 
to a set of equations (Epstein, 2006). They 
are dynamic simulations of an abstract rep-
resentation of an artificial society. As such, 
they constitute a “generativist’s experi-
ment” allowing  demonstrations of 
whether or not that abstract specification 
is sufficient to generate macro-phenomena 
of interest (Epstein, 2006; Miller & Page, 
2007).

As we have argued elsewhere (Ga-
lea et al., 2010), complex systems dynam-
ic models, and ABMs in particular, may 
provide a new pathway to asking questions 
that are occasioned by our growing unease 
with simple models of disease causation. 
This seems particularly true for work on 
SDOH where as shown in Figures 2–3, in-
teraction, feedback, change, connection, 
and multiple-levels characterize our con-
ceptual models. Above we have made the 
argument that the complexity portrayed in 
these figures means that simple interven-
tions are likely to fail or give misleading 
answers. For the same reasons, the answers 
that come from applying our standard an-
alytic tools to these systems of SDOH and 
their downstream pathways to health out-
comes may also mislead us.
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An Example: Modeling Social De-
terminants of Body Mass Index

An ABM effort needs to first begin 
with a conceptual model some-
times referred to as a logic model, a 

step that is not unique to studying complex 
systems. Such a model, based on a mixture 
of theory, extant data, and speculation is 
an abstraction that attempts to portray the 
important forces at play that are thought 
to impact the health outcome in question. 
Figure 4 presents a portion of a larger mod-
el that colleagues and we have developed, in 
this case focusing on some of the determi-
nants of BMI that extend beyond the usu-
al energy balance formulation. We briefly 
describe here an attempt at simulating the 
impact of policies that improve the quality 
of education, the food environment, and 
the physical activity environment, and the 
effect of such policies on BMI and racial/
ethnic disparities in BMI. The arrows in-
dicate possible feedback between different 
determinants, and it is such patterns of 
feedback, particularly positive feedback, 
that characterizes complex systems and the 
dynamics of such systems.

Thus, we are trying to portray the 
possible ways in which individual charac-
teristics like level of education, amount of 
physical activity, and dietary quality are 
influenced by neighborhood characteris-
tics such as school quality, neighborhood 
SEP, availability of healthy food and places 
to engage in leisure-time physical activity, 
and social networks. They all in turn, and 
in interaction, influence BMI and dispari-
ties in BMI. 

In order to move from this schemat-
ic representation to an agent-based model, 
we start from the “bottom-up,” populating 
this artificial world with several thousand 
non-Hispanic Black or White “agents” of 
various ages, who may be in school or have 

left/graduated, may or may not smoke, 
have some level of physical activity and 
diet quality, and a network of friends. The 
agents start out in a particular spatial loca-
tion, live in households of 1–4 persons in 
1280 housing units (out of a possible 1600 
housing units) that are distributed over 64 
neighborhoods, and there is residential 
mobility. The age, race/ethnicity, and in-
come distributions of this population over 
the neighborhoods are based on U. S. Cen-
sus data for the 100 largest US metropoli-
tan statistical areas, supplemented by data 
from the Panel Study of Income Dynamics 
(McGonagle, Schoeni, Sastry, & Freedman, 
2012).

Agents enter school at age 6, get jobs 
after they leave school, retire at age 65, have 
one child at age 25, and die at age-specific 
rates reflective of the US population. Oth-
er agent behaviors are, for the most part, 
based on information available from pub-
lished studies, with some simplifications. 
The school that they attend and how long 
they attend is based on where they live, the 
quality of the school, parental income, and 
age, and the average number of years of ed-
ucation. Black/White differences in years 
of attendance reflect the patterns seen in 
the 2007 National Health Interview Survey 
(NHIS) (Centers for Disease Control and 
Prevention National Center for Health Sta-
tistics National Health Interview Survey, 
2008). Individual incomes have trajectories 
over time related to level of completed ed-
ucation and are modeled to reflect national 
data (Day & Newburger 2002; He, Sengup-
ta, Velkoff, & DeBarros, 2005). Households 
periodically move based on mismatch be-
tween their income and median household 
income of their neighborhood, and their 
decision to move is based on the availability 
of housing units they can afford, and pref-
erences for racial composition in potential 
destination neighborhoods. All parameters 
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have variability, either based on published 
studies or on a standardized estimation ap-
proach.

The neighborhoods that house-
holds live in have an average income level 
reflecting the income composition of the 
neighborhood, and school quality, physical 
activity infrastructure, availability of good 
food, and value of housing, are all based on 
neighborhood income level, again with es-
timates based on the published literature.

Individual behaviors related to 
physical activity and dietary quality also re-
flect a variety of determinants, with param-
eters again based on available data: educa-
tion level, neighborhood physical activity 
infrastructure, physical activity of friends, 
parental physical activity, and, respective-
ly, education level, neighborhood food en-
vironment, dietary quality of friends, and 
parental dietary quality. Friends are made 
based on age and racial similarity, and 
physical propinquity. Social norm process-
es affect the strength of the influence that 
one’s friends have on physical activity and 
diet quality. Friendship patterns, behaviors, 
and residential location are updated on a 
yearly basis.

Finally, BMI is influenced directly 
by dietary quality, physical activity, cardio-
vascular disease status, and is modeled so 
that average BMI is consistent with NHIS 
data. 

e eff

This model provides an opportunity to 
address a set of policy manipulations 
by systematically examining the dy-

namic changes in model output over time 
after a given policy, or combination of pol-
icies, is introduced (Lempert, 2002). While 
we envision these as explorations of policy 
impacts, they could also be seen as tests of 
the role these pathways play in disparities 

in BMI (Ip et al., 2013). Because the model 
tracks characteristics such as residential lo-
cation and behavior of each agent over time 
as their virtual world changes, the proximal 
and distal impact of policy introduction can 
be seen, as well as any differential effects on 
subpopulations of agents, and effects occur-
ring over generations (approximately 2.5 
generations in the current analyses). 

The policy manipulation involves 
simulating changes in three characteristics 
of neighborhoods that might have an impact 
on BMI and BMI disparities—the availabil-
ity of good food stores, infrastructure for 
physical activity, and quality of schools. 
Each of these is operationalized based on 
published data. Access to good food is prox-
ied by relative availability of supermarkets 
compared to other places to purchase food, 
and the measure of physical activity infra-
structure is based on seven features associat-
ed with local exercise opportunities (Sallis et 
al., 2009). School quality is based on teacher 
to student ratio, which while not measuring 
all aspects of school quality, it is related to 
economic returns from education and other 
benefits of education (Card, 1992). For each 
policy dimension, we identify the neighbor-
hoods in the lowest quintile on that dimen-
sion and examine the effects of improving 
the measure from 0 to 4 standard deviations, 
in five steps, for those neighborhoods. The 
three policies are implemented independent 
of each other, resulting in 125 (5x5x5) dif-
ferent scenarios, ranging from no change on 
any dimension for the neighborhoods in the 
bottom quintile, the , to very large 
improvements (4 standard deviations above 
the mean) on all three dimensions.

First, any model needs to be calibrated 
so that with regard to key features it 
mirrors observed data (Railsback & 
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Grimm, 2012). In the case of this model, we 
choose school attendance by age, income 
distribution, smoking rates by age, and BMI 
by age as calibration targets. After assur-
ing that the model closely conforms to ob-
served patterns for these targets, we allow 
the model to run over several generations 
of agents and examine the impact of each 
policy on the average difference in BMI 
between Black and White agents over gen-
erations, and how that difference varies by 
policy strength over a hundred model runs. 
As can be seen in Figure 5, more intensive 
policy changes reduce the BMI disparities, 
with interventions on physical activity in-
frastructure having the greatest effect, ac-
cess to good food stores the smallest effect, 
with improvements in school quality in be-
tween. There is some evidence of nonlinear-
ity of the effects, particularly for access to 
good food stores and school quality inter-
ventions.

However, the figure shows the av-
erage effects over several generations and 
holds two policy levers constant while the 
third is being changed. While a useful sum-
mary, it masks the reality that changes in 
one policy may, over various time scales, 
have an impact on risks and resources in-
dexed by the other policy dimensions. For 
example, better education may through a 
variety of pathways lead to higher incomes 
that, in turn, lead to changes in residential 
location that may allow for better food and 
physical activity opportunities. For these 
reasons and because making policy deci-
sions in complex systems often requires ex-
amination of a dense computational space 
representing the outcome of many simula-
tions (Lempert, 2002), feedback between 
different policy options, possible combina-
tions of various policy alternatives and mul-
tiple time perspectives, we then consider 
various combinations of policies and policy 
strengths. Figure 6 shows the results when 

we consider all 125 combinations of the five 
strengths of the policy dimensions applied 
simultaneously. After a short run-in period, 
shown by the flat lines on the left, the three 
policies are introduced and BMI is assessed 
multiple times. As can be seen, there is con-
siderable variation in the effects of policy 
combinations. 

In general, there are much larger ef-
fects of the policies on BMI for Blacks com-
pared to Whites, and while most of these 
changes are reductions in BMI, there are 
some combinations that result in increases 
in BMI as well. There is also considerable 
variation in BMI trajectories over time, and 
for some combinations of policies there is 
an elimination of BMI disparities. In those 
cases, the elimination of BMI disparities 
takes time, and occurs over approximately 
20 years for some combinations of policies. 
Our purpose in presenting these results is 
not to present a detailed analysis of the re-
sults, but rather to show the potential value 
of considering such a wide policy space in a 
simulation.

The results of this simulation ex-
ercise are encouraging, but should be cau-
tiously interpreted. First, a number of the 
simplifications in the model make it diffi-
cult to draw firm conclusions. For example, 
the agents have no gender, yet we know the 
dynamics and patterning of BMI is differ-
ent for males and females. The model is an 
abstraction, and it is difficult to know with-
out further elaboration of the model if the 
results would be different, for example, for 
males and females. While care has been tak-
en to use the best available information, it 
should be acknowledged that there are over 
a hundred parameter estimates in this sim-
ulation model, the sources for the parame-
ters vary in quality, and the complexity of 
the model makes it difficult to systematical-
ly conduct the full spectrum of sensitivity 
analyses, an issue to which we will return. 
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Furthermore, while it is possible to interro-
gate the model over long periods of time, it 
is unlikely that the parameter estimates re-
main fixed over many decades. With this in 
mind the simulation at this stage should be 
seen as more than a proof of concept, but 
not sufficient at this point to drive policy 
choices.

How Might We Embrace Complexi-
ty in Studying SDOH?

Because they involve tangled patterns 
of causality with multi-level, multi-
scale, and dynamic processes, and 

feedback between and within levels, SDOH 
are a prime target for the use of complex 
systems simulation techniques. Impor-
tantly, as we have argued here, in several 
instances,  adopting a complex systems 
approach to SDOH scholarship may, in 
some instances, be misleading and provide 
incorrect answers. The example above illus-
trates the potential for these techniques to 
simulate the effects of policies that are diffi-
cult to implement, combinations of policies 
that would be even more difficult to imple-
ment, the potential for following the effect 
of policies over time, over the life course, 
and over generations, and the ability to ex-
amine the importance of various etiologic 
pathways. Of course, there are many is-
sues that can be raised by the use of such 
techniques and numerous barriers to using 
them (Galea et al., 2009; Galea et al., 2010). 
In what follows we will focus on both gen-
eral issues and issues that particularly arise 
with regard to the use of such techniques to 
study SDOH.

The simulation is best thought of 
as an abstract but not generic representa-
tion of the phenomena being studied. As 
such, decisions, often based on imperfect 
information, must be made about what to 
include in the model and what to leave out, 

and the answers arrived at will be based on 
the specific questions that are of concern. 
The fidelity of the model will depend on 
the extent to which sagacious choices are 
made—in the illustration above, the ab-
sence of gender could be seen as a critical 
flaw—but, resource issues aside, the explicit 
nature of the ABM means that new proper-
ties of agents, of the environment in which 
they live, or new knowledge of pathways 
thought to be critical can always be added. 
Thus, the simulation effort can be thought 
of as an incremental effort, although stop-
ping rules may be difficult to enforce as 
new findings emerge from the simulation. 
We note, however, that the alternative to 
these approaches is often to grapple with 
complex phenomena with  an explicit, 
or at best a theoretical, representation. This 
of course poses its own challenges; perhaps 
surpassing those imposed by those in-
curred through the use of complex systems 
approaches.

The fidelity of the simulation effort 
is also highly dependent on the presence 
and quality of the data that are used to in-
form parameter estimates in the model. In 
the BMI simulation illustration above there 
are over a hundred parameters that drive 
the model’s behavior, and in such cases it is 
often difficult to find extant studies to in-
form the value of those parameters. Some 
of the data might come from cross-section-
al studies and some come from longitudinal 
studies with differing lengths of follow-up, 
the covariate adjustments may differ for 
study to study and there may or may not 
be information to inform model estimates 
of parameter variability. In addition, pa-
rameter estimates may come from different 
study populations and have been collect-
ed at different periods of time. Because of 
the broad disciplinary terrain traversed by 
SDOH studies, the problem is compound-
ed even more by the different analytic and 
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measurement styles of various disciplines. 
The complexity of simulation models of 
SDOH means that these problems cannot 
be solved easily by sensitivity testing, as 
the number of parameters and combina-
tions of parameters becomes unwieldy, al-
though there are some new techniques for 
sensitivity testing and pattern analysis that 
may hold promise (Grignard et al., 2013; 
Grimm et al., 2005).

There is also a natural tension be-
tween the K.I.S.S. (“keep it simple, stupid”) 
(Axelrod, 1997; Axelrod, & Epstein, 1997) 
approach and the desire to build larger, more 
all-encompassing models that extend to the 
range of factors covered by SDOH perspec-
tives. This is a tension that is increasingly 
found in other areas in which agent-based 
models are being used as well (Grignard 
et al., 2013). While simple models, some-
times called “toy” models, have advantages 
as it is easier to see how they work and they 
can be informative in their simplicity, they 
lack the appeal of being able to address the 
tangled web of causation that characterizes 
SDOH (Galea et al., 2009). There are issues 
of model size—number of agents—as well. 
Basic phenomenon of emergence and non-
linearity can be demonstrated with models 
with a small number of agents, but to ade-
quately and realistically address agent and 
environment heterogeneity may require 
larger population of agents. In principal 
this is not a computing challenge, as ABMs 
involving millions of agents are possible.

Good model design, a solid ba-
sis for estimating parameters, and careful 
sensitivity testing are all critical elements 
in applying the complex systems toolbox 
to the SDOH. But, there are critical train-
ing needs as well. Because of the breadth 
of factors being considered, understanding 
the SDOH at its best is an interdisciplin-
ary effort, and while there are now many 
such interdisciplinary groups of research-

ers, these groups seldom include those 
with background in the modeling of com-
plex systems. Likewise, very few of those 
trained in such techniques have had any 
training in the understanding of SDOH. 
While attempts have been made to bridge 
such divides (Institute for Systems Science 
and Health and the Network on Inequality, 
Complexity & Health both sponsored by 
NIH/OBSSR, Agent-Based Modeling Boot-
camp and Incubator for Health Researchers 
at the University of Saskatchewan; MPH 
curriculum redesign at Columbia Univer-
sity) (Agent-Based Modeling Bootcamp 
for Health Researchers, n. d.; Begg, Galea, 
Bayer, Walker, & Fried, 2014; Institute for 
Systems Science and Health, n. d.; Network 
on Inequality, Complexity & Health, n. d.), 
much work remains to be done in creating 
pathways for success in integrating these 
two approaches.

Creating well-designed, well-doc-
umented, and informative simulations of 
the complex nature of SDOH is a big chal-
lenge, but there are additional challenges to 
the funding of such efforts and the accep-
tance, publication, and use of the results 
from such simulation models. While there 
has been considerable progress made in the 
acceptance of the importance of SDOH in 
the last few decades, the use of ABMs and 
other complex systems techniques to study 
SDOH is in its infancy. Acceptance of new 
perspectives and techniques in a scholarly 
enterprise is never easy (Gebbie, Rosen-
stock, & Hernandez, 2003; Sorenson & Bi-
alek, 1993), but there are some steps that 
can be taken. First, we need to acknowl-
edge that there is considerable interest in 
training in this area. At a recent NIH con-
ference on Complex Systems, Health Dis-
parities and Population Health organized 
by the Network on Inequality, Complexity 
& Health (http://conferences.thehillgroup.
com/UMich/complexity-disparities-popu-
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lationhealth/about.html), 77% of the over 
800 people who registered for the confer-
ence ranked training in systems science 
techniques as a high priority. Providing op-
portunities for such training will help build 
a workforce that can both carry out such 
analyses with a SDOH lens, and evaluate 
the products of such work. Acceptance of 
any new approach requires the develop-
ment of best practices, being clear about 
the limitations of such approaches, and a 
certain amount of risk-taking by both the 
users of such techniques and reviewers. Be-
cause the assumptions and best practices in 
the use of new techniques have not become 
institutionalized, there will be requests 
for documentation, sensitivity, and mod-
el validation that extend far beyond what 
is normally required. Above all, the path 
will be smoothed by the development of 
simulation models that address important 
problems, are convincing, and provide new 
insights.

Returning to our original ques-
tion motivated by the Occam and Ein-
stein—“how complex do we need things to 
be?”—it seems clear that a consideration 
of the SDOH leads us to systems with con-
siderable complexity and dynamics, where 
the usual search for the independent caus-
es that may be manipulated experimentally 
may ignore critically important features of 
the systems, and where  simulation 
of the behavior of such systems holds great 
promise. For the promise to be realized will 
likely require increased training and fund-
ing opportunities, the formation of inter-
disciplinary centers of excellence that in-
clude SDOH scholars and complex systems 
scholars, and a willingness of editors and 
reviewers to move outside of the comfort 
zone inherited from Occam.
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Introduction

Current regulations and mandates are 
fostering important changes in the 
light-duty passenger vehicle market 

in the United States. The need for higher ef-
ficiency powertrains and accommodating 
increasing volumes of ethanol into the US 
fuel supply system have created challeng-
es for stakeholders: vehicle manufacturers, 
ethanol producers, station owners, energy 
companies, and consumers (Morey, 2014). 
The current market provides two avenues 
for the use of ethanol: through flex fuel ve-

hicles (FFVs) coupled with the retail sale 
of E85 fuel containing up to 85% ethanol, 
and through conventional powertrains cou-
pled with the low percentage ethanol blend, 
which is fuel containing up to 10% or 15%, 
as to convert into conventional gasoline. 
Both fuels are typically used in engines de-
signed and approved to use 87 anti-knock 
index (AKI) octane fuel. This engine de-
sign architecture fails to take advantage of 
the high-octane properties of ethanol, and 
creates challenges for ethanol blend fuels 
to offer utility advantages to the customer, 
fuel retailers, and auto manufacturers. As a 
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result, the consumption of E85 fuel remains 
low and the initial federally mandated vol-
umes of ethanol are not consumed by the 
light-duty passenger vehicle fleet (see Fig-
ure 4). While some of this is the result of 
limited refueling infrastructure, consumers 
still often choose conventional gasoline even 
when both are available (Alliance of Auto-
mobile Manufacturers, 2013). In general, 
substantial uncertainty exists with regard to 
customer acceptance and the correspond-
ing technological development of alterna-
tive fuel powertrains. The suite of fuel econ-
omy and vehicle regulations means that the 
automotive industry faces the challenge of 
improving conventional powertrains, while 
simultaneously having to introduce a range 
of alternative powertrains into the market 
that compete against conventional ones 
(Walther, Wansart, Kieckhäfer, Schnied-
er, & Spengler, 2010). Recent attention has 
turned to using a mid-level super octane 
(94-96 AKI/99-101 Research Octane Num-
ber) ethanol blend fuel to achieve fuel econ-
omy improvements and increases in etha-
nol consumption.

Considerable research has vali-
dated the potential fuel economy benefits 
of a mid-level super octane ethanol blend 
fuel (Anderson, Ginder, Kramer, Leone, 
Raney-Pablo, & Wallington, 2012; Jung, Le-
one, Shelby, Anderson, & Collings, 2013; Le-
one, 2014; Splitter & Szybist, 2014; Splitter 
& Szybist, 2013; Stein, Polovina, Roth, Fos-
ter, Lynskey, Whiting, T., . . . VanderGriend,  
2012). Other research suggests that the 
Research Octane Number (RON) scale be 
used to specifically align with the properties 
of ethanol in the fuel blend (Foong, Mor-
ganti, Brear, da Silva,Yang, & Dryer, 2014; 
Speth, Chow, Malina, Barrett, Heywood, & 
Green, 2014). The resulting super octane 
(SO) blends using 20–30% ethanol have the 
potential to offset increased fuel and vehicle 
costs with reduced fuel consumption and 

improved performance. Existing SO system 
concepts and narratives assume, as they did 
for the FFV policy design, that the fuel will 
enter the market and achieve pre-defined 
market growth on its own as defined by the 
policy makers or regulators (Chow, 2013; 
Speth et al., 2014; USDOE, 2010). 

There is an incomplete appreciation 
for and understanding of the challenges of 
bringing a new fuel-powertrain system with 
secondary fuel choice to market. Empirical 
observations of complex systems demon-
strate that simple linear and simplified feed-
backs modeling can give a misleading repre-
sentation of the true behavior of the system 
(Levin, Xepapadeas, Crépin, Norberg, & et 
al., 2013). The lack of consideration of the 
full system structure and resulting behavior 
is a root cause to take into consideration in 
relation to the problem of ethanol uptake. 

Rather than reporting on a full suite 
of potential system architecture and policy 
scenarios for the ethanol-gasoline fuel-ve-
hicle system, this paper emphasizes and 
demonstrates the importance of systems 
thinking considering the complex stake-
holder interactions that drive consumer 
perception and stakeholder response in en-
ergy policy modeling. Within the realm of 
modeling and analysis techniques, system 
dynamics (SD) is well suited to capture and 
investigate the behavior and feedback over 
time of the different system stakeholders. 
SD provides a framework to understand the 
interaction of multiple nonlinear feedbacks 
where simple intuition is insufficient to un-
derstand the behavior of the system. Struben 
and Keith (S&K) established effective strat-
egies for the use of SD to explore the market 
growth of an alternative fuel-vehicle system 
(Keith, 2012; Keith, Sterman, & Struben, 
2011; Struben, 2006). Their approach was 
based on a virtuous cycle with the model 
not considering the potential for vicious cy-
cles, and related balancing effects to occur 
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within the system. Limitations in these ex-
isting models were identified while explor-
ing the SO ethanol fuel options. For exam-
ple, sales of the Prius were used to calibrate 
the model developed by Keith. The ubiq-
uitous availability of gasoline infrastruc-
ture and the generally favorable perception 
of the Prius by consumers who purchased 
the vehicle limit the models applicability to 
technology systems where these conditions 
may not exist or may not be assured. The re-
search described in this paper explores the 
parameters of the ethanol fuel and vehicle 
powertrain market by extending the system 
boundaries and utilizing and extending the 
existing models and techniques to include 
unfavorable word-of-mouth (WOM) effects 
and the downstream consumer fuel choice 
between SO and regular fuel for those con-
sumers who have SO capable vehicles. The 
perception of consumers using a technol-
ogy creates WOM through the interaction 
of the technology owners with other peo-
ple they come in contact with. WOM and 
marketing are the principle mechanisms 
for technology growth (Sterman, 2000). 
The research explores the feedback effect 
that the formation of unfavorable views has 
on both total ethanol consumption and in 
forming technology perception for technol-
ogy adopters and potential adopters. This 
approach moves beyond the prevalent con-
cept of “tipping points” in-which positive 
support through policy, mandates, and reg-
ulations ultimately leads to a self-sustaining 
growth (Greene, Park, & Liu, 2014). The 
tipping point is predicated solely on a virtu-
ous cycle with an assumption of consumer 
utility, and ignores the potential for vicious 
cycles and balancing effects to occur within 
the system. Energy policy based on tipping 
point theory assumes the right policy will 
move the market from line 3 to line 1 in Fig-
ure 1 and does not consider the possibility 
that even with policy complex stakeholder 

interactions can lead to market collapse or 
stagnation (see Figure 1, Line 2 & Line 3) as 
occurred with compressed natural gas vehi-
cle markets.  

Limited scenarios are tested in or-
der to provide initial insights, validate the 
concepts embedded in the model design, 
and demonstrate that the basic concept of 
unidirectional market growth and tipping 
points is inadequate for energy policy mod-
eling. The model was exercised by scenario 
testing to explore the effects of SO adoption 
relative to the unfavorable WOM. Although 
this model is applied to an ethanol fuel-ve-
hicle system, the model can be extended to 
other systems in which consumer choice 
occurs both during the purchase and use, 
and/or for which changes and reductions 
in utility post purchase can lead to unfavor-
able WOM. 

Unfavorable Word-of-Mouth

Fundamental to the classical general 
models of market diffusion and adop-
tion developed by Bass and others is 

the mechanism of social contagion, which 
is traditionally, called WOM (Bass, 1969, 
1980; Horsky, 1990; Kalish, 1985; Kamak-
ura & Balasubramanian, 1988; Robinson 
& Lakhani, 1975). Existing models usual-
ly only consider positive valence of WOM 
which supports adoption of the given tech-
nology or product under consideration.  In 
competitive markets with positive valence 
of WOM the relative market growth or 
dominance of a given platform can only be 
improved with this positive perception and 
corresponding social diffusion. This ap-
proach does not consider the possibility for 
the negative valence of WOM, which could 
switch the reinforcing behavior from virtu-
ous to vicious mode.

The importance of unfavorable con-
sumer views and WOM is illustrated by the 
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failure of the diesel passenger vehicle mar-
ket in the United States in the 1970–1980s, 
while the technology platform achieved 
market success in Europe. Europe proved 
the potential of diesel technology, but unfa-
vorable consumer perception in the United 
States effectively eliminated market oppor-
tunities for several decades (Greene, 1986; 
Neumaier, 2014). It is only recently; with a 
new generation of consumers who do not 
retain or possess these unfavorable views 
the market is expected to grow (Healey, 
2013; Pyper, 2012).  

To date, the application of unfa-
vorable consumer perception in SD policy 
modeling is limited. The concept of unfavor-
able WOM was used, but is undocumented 
in the People Express model developed by 
Sterman and demonstrates the effect that 
unfavorable consumer views, rather than 
the product utility it has on a business 
(Sterman, 2014). The marketing and con-
sumer research communities studied the 
importance of unfavorable consumer views 

and WOM. This work provides critical in-
sight into the structure and behavior of 
the system. The idea of unfavorable WOM 
was discussed in the 1960s (Arndt, 1969) 
and gained more prevalence in the 1980s 
(Richins, 1983). Wangenheim (2005), later 
supported by Lee, compiles the analysis on 
the relative impact of unfavorable WOM 
versus. Favorable WOM and links the in-
creased impact and probability of consumer 
conversion from the unfavorable WOM to 
the perceived importance and risk aversion 
of the technology (Lee & Romaniuk, 2009; 
Wangenheim, 2005). A positive correlation 
between consumer perception and the fre-
quency and strength of the WOM was es-
tablished, indicating that the stronger the 
(unfavorable) experience, the more likely 
an individual is to effectively convert other 
potential consumers (Yang, Hu, Winer, As-
sael, & Chen, 2012).  

For products or technology systems 
involving high levels of investment, such 
as an automobile powertrain or an ethanol 
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production facility, it is increasingly im-
portant to avoid unfavorable WOM (Lau & 
Ng, 2001). The importance and severity of 
unfavorable WOM is not often appreciated 
by firms, but can effectively lead to the fail-
ure of a product or technology (Lau & Ng, 
2001). The mechanism is consumer-to-con-
sumer recommendation to avoid a product, 
thus effectively removing potential adopt-
ers from considering the product (Lau & 
Ng, 2001). Consumers are more impacted 
by losses and perceived risk than gains, and 
need to see a stronger upside to a choice to 
overcome potential risks (Bettman, Luce, & 
Payne, 1998; Wangenheim, 2005). Risk is 
divided into three types: functional, finan-
cial, and social. The first two are particular-
ly germane to the consumer choice of fuel 
purchase. The later was a factor in the Keith 
model where, for example, social pressures 
may influence the early uptake of hybrid 
powertrain technology. The weight placed 
on the consumer goals (performance, price, 
range, and availability) will vary and will 
ultimately impact the relative weighting of 
the utility factors in a model (Bettman, et 
al., 1998). The level of dissatisfaction mat-
ters, with up to 90% of customers choosing 
not to repurchase (Richins, 1983). Concur-
rently, higher contact rates are reported for 
dissatisfied customers with over one third 
actively informing others (Richins, 1983). 
Four general categories of decision making 
and influence are defined: 

1. Low cost to switching and high dis-
satisfaction.

2. High cost to switching and high dis-
satisfaction.

3. Low cost to switching and low dissat-
isfaction.

4. High cost to switching and low dis-
satisfaction.

The likelihood of switching varies 

between the above listed categories (Lee & 
Romaniuk, 2009). Vehicle choice falls into 
category 2 or 4, and can lead to the per-
sistence of unfavorable views that can in 
turn, lead to market failure. Research also 
suggests that the elasticity of WOM may 
be stronger for newer or less established 
products or technologies such as the SO 
platform under consideration (Chen, Liu, 
Cheng-Hsi, & Tom, 2013).

Stakeholders—Defining the System 

Considering unfavorable WOM in 
developing a new model confronts 
the complex challenge of identifying 

an appropriate system boundary. The indi-
vidual stakeholders for the SO fuel-vehicle 
system each have different, often conflicting 
objectives within the larger fuel-vehicle eco-
system. Balancing these objectives is a key 
impediment to consumer adoption of al-
ternative powertrain and fuel technologies 
(Byrne & Polonsky, 2001). Achieving policy 
success depends on finding the operational 
space that meets all stakeholder needs (see 
Figure 2). The stakeholder characteristics 
and needs define the model structure, how 
the behavior and view formation of each 
stakeholder is represented in the complex 
system, and provide a qualitative under-
standing of the system’s complexity. 

Vehicle manufacturers (origi-
nal equipment manufacturers or 
OEMs) need a lowest cost option 

for fuel economy compliance. The overlap-
ping design options vary from a system de-
sign accommodating up to 20% ethanol SO, 
designed to use 10% up to 30% ethanol SO, 
requiring a very specific 30% ethanol SO, 
and an evolution of the (FFV) to a SO FFV 
(Graves, 2014; Leone, 2014; Woebkenberg, 



115
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2014). These design options attempt to bal-
ance capturing the fuel economy improve-
ment opportunity with system cost and also 
sensitivity to fuel options. Given fuel avail-
ability limitations and consumer behavior, 
these powertrains also need to function 
using non-SO fuel. Concurrently, OEMs 
also need a low-blend (not more than 10% 
ethanol) fuel available at stations to remain 
compatible with the existing fleet (see Table 
1; see also Figure 3). Although the SO fuel 
and vehicle may be more expensive, the cost 
per mile and total cost of ownership may be 
lower due to the improved efficiency (An-
derson et al., 2012; Morey, 2014; Yan et al., 
2013).

Energy companies require a lowest cost 
fuel blend option for regulatory com-
pliance, and are motived to maximize 

their profit through the sale of cost-effective 
fuel. Although more expensive to produce, 
premium fuels also command a better prof-
it margin. Concurrently, the energy compa-
nies need to meet the volume and carbon 
intensity reduction requirements in the 
renewable fuel standard (RFS) (see Figure 
4) and other state regulations (API, 2014;
EIA, 2013). These regulations impose sig-
nificant risks and challenges to the indus-
try and other stakeholders (Committee of 
Economic and Environmental Impacts of 
Increasing Biofuels Production & National 
Research Council, 2011). The Renewable 
Fuel Standards requires that up to 15 bil-
lion gallons of renewable corn ethanol and 
16 billion gallons of cellulosic ethanol be 
produced and consumed per year by 2022. 
An additional 5 billion gallons of other ad-
vanced renewable fuel is also required. The 
mandated volumes would result in ethanol 
fuel blends that exceeded the 10% allowed 
in most conventional engines and fuel sys-

tems. However, due to production capacity 
limitations the U. S. Environmental Protec-
tion Agency has lowered the mandated vol-
umes on a year by year basis.

Station owners have higher profit mar-
gin on premium fuels and want to in-
crease the demand for these products 

(Eichberger, 2014). In order to minimize 
financial risk, any additional expense for 
the equipment—several thousand dollars 
per station for above ground components—
will need to be recovered through the sale 
of the higher profit super premium (SO) 
fuel (Coker, 2014; Eichberger, 2014; Morey, 
2014).  

Ethanol investors need to see a profit 
opportunity that outweighs the in-
vestment risk. Ethanol producers and 

their supporting interests must put forth 
billions of dollars in upfront investment to 
build out new capacity with lead times over 
three years (Abengoa, 2014; Cosan, 2013). 
In order to justify this investment and man-
age risk, they must foresee significant prof-
its and hold confidence that those profits 
will be actualized (Parsons, 2014; Stech, 
2014). As demand for a nascent industry 
like ethanol is hard to forecast, producers 
are dependent upon the current demand 
and growth patterns to estimate what future 
demand is, and thus may use conservative 
forecasts (Parsons, 2014). Capital expendi-
ture investment in cellulosic ethanol (bio-
fuel from plant lignocellulose) production 
to meet the renewable fuel standards oc-
curred, but the failure to produce ethanol at 
a competitive market price has resulted in 
the bankruptcy and halted further expan-
sion (Mongeau, 2010). 
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. Renewable fuel standard mandated fuel by year (EIA, 2013; "Regulation of 
Fuels and Fuel Additives: 2013 Renewable Fuel Standards, " 2013)
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Consumers need to perceive improved 
utility in the fuel and vehicles rela-
tive to competing options. Otherwise 

market adoption will  occur. Risk aver-
sion may often lead to suboptimal choices 
(Denrell, 2008). This behavior is currently 
observed with FFVs, where despite vehicles 
and stations, the average FFV refuels with 
E85 is less than once per year (Alliance of 
Automobile Manufacturers, 2013). Analysis 
shows that the choice is often driven by avail-
ability and convenience of access as well as 
price and range (Pouloit & Babcock, 2014). 
Consumers respond to their individual and 
immediate needs (Walther et al., 2010). Con-
currently, early failures or poor experiences 
can preclude future experiences that may 
correct the perceived utility (Denrell, 2008). 
The SO vehicles offer a platform that when 
fueled with SO gasoline blends can offer ef-
ficiency, performance, and range, but can 
also run on non-SO fuel (see Table 1) with 
reduced performance. The utility of the SO 
platform must be positive relative to the 
competing options in order for widespread 
adoption to occur.

The causal loop diagram based on the 
stakeholder characteristics (see Figure 
5) illustrates the complex relation-

ships and feedbacks between stakeholders. 
The variables in red capture the word-of-
mouth (WOM) and add to the traditional 
alternative fuel structure developed by Keith 
(2012b). Specifically, it illustrates the tension 
and interplay between the energy companies, 
fuel producers, and retailers (black font dark 
blue arrows), OEMs (brown font, teal ar-
rows), and consumers (red font and light blue 
arrows). Even this relatively high-level causal 
loop diagram contains significant complexity, 

including reinforcing loops that can work in 
both vicious and virtuous cycles depending 
on the strength of favorable versus unfavor-
able WOM. The qualitative static analysis of 
the causal loop demonstrates the importance 
of dynamic modeling of the complex inter-
actions and choices in the multi-stakeholder 
system. Understanding the exact behavior 
and causes under a given set of exogenous in-
puts calls for formal modeling and is covered 
in the results and discussion sections. 

Static analysis of the causal loop dia-
gram generates questions and hypothesis for 
dynamic model testing. First, for SO vehicles 
availability of infrastructure is not sufficient 
to ensure stable adoption. Second, the ex-
perience from using the vehicle and infra-
structure depends on the availability of fuel, 
vehicle performance on given fuel options, 
and price of the fuel. Unfavorable consum-
er experience can overwhelm or undermine 
efforts to introduce the platform through 
marketing and classical familiarity accumu-
lation. Third, aggressive vehicle deployment 
and long delays in fuel production capacity 
may cause the virtuous reinforcement to flip 
to vicious and system collapse reinforcement 
when consumers become dissatisfied with 
fuel price or availability.

Model

The current alternative fuel adoption 
model developed by Keith utilizes 
the social contagion/diffusion mod-

el common in SD (Keith, 2012b; Sterman, 
2000). This model does not contain any 
mechanisms for market growth turning to 
collapse based on unfavorable experience 
and consumer perception. This limits the op-
portunity to observe a growth then collapse 
scenario other than through exogenously 
imposed limits on infrastructure. Even then, 
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. Causal loop diagram of an alternative fuel—powertrain system

. View formation about SO platforms held by each technology platform
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this only affects the immediate decision of 
potential consumers and does not capture 
long-term effects and delays of opinions in 
the technology platform. If the infrastruc-
ture lag is closed then sales would resume, 
but in reality the market doesn’t behave that 
way. Unfavorable opinions will be held and 
will impact the technology uptake. Since the 
unfavorable opinions tend to prevail, it is 
much harder to move people from an unfa-
vorable view to a favorable view than it is to 
disappoint them because of a bad first-hand 
experience.  

The inclusion of the unfavorable view 
and WOM has an asymmetrical impact. Fa-
vorable views result in a behavior similar 
to the conventional familiarity. If potential 
adopters with favorable views are willing 
to consider the new platform more (which 
doesn’t guarantee adoption and depends on 
the choice model), the potential adopters 
with unfavorable views are not going to even 
consider the technology unless their views 
change, and are removed from the market.

Unfavorable views form and evolve 
differently for users and potential adopters. 
Users change their views based on direct ex-
perience, while potential adopters of a tech-
nology rely on WOM. Figure 6 shows the 
main mechanisms of transmitting the views 
between users of SO vehicles and non-users. 
While users can change views of potential 
adopters this link is unidirectional, as po-
tential adopters cannot change views of ac-
tual users. In addition, the structure shown 
in Figure 6 is working simultaneously in all 
directions, affecting and converting all po-
tential views—favorable, unfavorable, and 
uninformed as people contact each other. 
Although not explicit, the strength of the 
conversion is different, and reflects inherent 
asymmetry of the unfavorable and favorable 
WOM mechanisms identified in the litera-
ture review.

In general SD models do not con-

sider the effect of utility function on WOM. 
There is a single utility for a given technology 
platform that is evaluated by the consumer 
at the time of purchase and is assumed to 
remain constant for the duration of owner-
ship of the durable good (automobile). Giv-
en the relatively higher utility of a platform 
a market failure will only occur when there 
is inadequate WOM to accumulate and sus-
tain critical market share or volume (Stru-
ben, 2006). However, utility not only affects 
the purchasing decision, but it influences 
the vehicle owner’s experience, and in turn 
shapes the quantity and quality of the WOM 
stories. In the model presented in this paper, 
the utility of the buyer and user are distinct 
variables. Utility of the buyer is defined as

where   is the average perceived 
utility component (attribute) at the time of 
purchase, S

b
 is the relevant set of utility com-

ponents used to evaluate competing market 
offers at the time of purchase. Utility of a user 
is defined as

where     is the actual utility compo-
nent (attribute) during the use of the vehicle, 
S

u
is the relevant set of utility components 

used to evaluate owned vehicle/product.
The utility of a user reflects the per-

ception post purchase during the use of the 
durable good (vehicle) which may be affect-
ed by a different set of factors not considered 
by the consumer at the time of purchase, or 
which change over time. Generally, both sets 
don’t have to be equal, S

b
 ≠ S

u
but there exists 

an overlapping subset of utility components 
used both for purchasing decision and for 
evaluating  S

b
 ∩ S

u
≠ Ø.  The purchase utility 

function is determined by such parameters as 
fuel price, fuel availability, vehicle price, and 

𝑈𝑈! = 𝑓𝑓 𝑢𝑢!,𝑢𝑢!,… ,𝑢𝑢!

𝑢𝑢!, 𝑖𝑖 ∈ 𝑆𝑆! 

𝑢𝑢! , 𝑖𝑖 ∈ 𝑆𝑆!  

𝑈𝑈! = 𝑓𝑓 𝑢𝑢!,𝑢𝑢!,… ,𝑢𝑢!
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vehicle performance attributes. The user util-
ity has some overlapping components such 
as fuel price and availability, and the actual 
perceived performance of the vehicle based 
on the fuel choice. The values of the factors 
will dynamically change over time and shape 
the quality and quantity of the WOM and the 
influence it has on the potential consumer. 
For example, in a static condition the utili-
ty at a given point in time may be very pos-
itive for SO vehicles due to the current fuel 
price and possible marketing and incentives, 
but the perception and resulting WOM from 
existing consumers may be negative due to 
the actual experience on fuel availability and 
price over time. 

Unlike battery electric vehicles, com-
pressed natural gas vehicles, and fuel cell 
vehicles that are dependent on a single dedi-
cated fuel, the SO vehicles have multiple fuel 
options. Fuel purchase post vehicle purchase 
is determined by user by comparing con-
sumer utility   for two fuel options (regu-
lar gasoline and SO fuel) and is important for 
determining SO vehicle and ethanol market 
growth. The Keith model doesn’t take into 
account the post vehicle purchase consum-
er choice presented to SO vehicle owners of 
what fuel to use to maximize their current 
utility based on fuel price, availability, and 
vehicle performance. Presumably, consumers 
choose the SO platform to take advantage of 
extra features (better range, acceleration, etc.) 
offered by means of using SO. While SO vehi-
cles are downward compatible and can run on 
non-SO gasoline, their performance is subpar. 
A consumer considering  might decide to 
choose regular gasoline fuel due to high SO 
fuel price or its low availability. The resulting 
performance gap or efforts expended to search 
for SO fuel impacts perception and consum-
er experience as described in the unfavorable 
view formation section of this paper, which in 
turn influences market adoption. 

The model makes no pre-determi-

nations as to how future consumers may re-
spond to fuel price, fuel availability, and ve-
hicle performance. In reality, consumers are 
heterogeneous. If the average utility of using 
a non-SO fuel is greater for a SO vehicle, this 
will result in some fraction of those consum-
ers using the non-SO fuel based on the rel-
ative utility. Depending on the frequency of 
this condition, SO adopters will develop a 
negative view of the technology and will re-
sult in lower total ethanol consumption.  

The existing model developed by 
Keith (2014) is used as the foundation with 
an additional module developed for the con-
sumer view. The exogenous inputs and vari-
able set points are drawn from the literature 
and model developed by Keith (2014). The 
incorporation of the asymmetrical feedbacks 
of favorable and unfavorable WOM in the 
new model (see Appendix A; see also Fig-
ure 10) can inform the system parameters in 
which the needs of the stakeholders can all 
simultaneously be met.  

The model evolved from the tra-
ditional aging chain and co-flow structure 
(typically required to track attributes) to one 
with a single stock and four-dimensional 
subscripts. This approach offers benefits and 
flexibility needed to capture the additional 
system complexity and allows the model to 
be used in other applications.

The following subscripts are used: 

Drivers change their views based on direct 
experience
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where V
i,j,v,a

 is a stock of vehicles, M
v,u

 is the 
square matrix of allowed directions and 
strengths of view changes from view v to 
view u, Pdrivers is function of probability of 
view change given the customer satisfaction 
level CSL

i 
, and τdrivers is the time to change 

views of drivers of a platform in years. 
Nondrivers form their opinions 

through the word of mouth by interacting 
with both drivers and other nondrivers of a 
technology platform. 

∆!,!,!,!,!!"#$%"&  =
𝑉𝑉!,!,!,!  ℳ!,!  𝑃𝑃!"#$%"& 𝐶𝐶𝐶𝐶𝐶𝐶!

𝜏𝜏!"#$%"& ,𝑢𝑢 = 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓
  

𝑉𝑉!,!,!,!  ℳ!,!(−  𝑃𝑃!"#$%"& 𝐶𝐶𝐶𝐶𝐶𝐶! )
𝜏𝜏!"#$%"&   ,𝑢𝑢 = 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢

𝑣𝑣𝑣𝑣ℎ𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖
𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦 ,∀  𝑖𝑖 = 𝑗𝑗 

where λ is average contact rate,                and           
                     are probabilities of contact with 
drivers and nondrivers of technology j hold-
ing view v, and  πdrivers and πnondrivers are prob-
abilities of view change after contact with 
drivers and nondrivers.

In addition, marketing provides the 
way to facilitate conversion of nondrivers to 
favorable category. The model assumes that 
drivers cannot be influenced by marketing 
efforts; as they form their views based on the 
direct experience with the platform. 

∆!,!,!,!,!!"!#$%&'$(  !"#$  !"#$%"&=   𝑉𝑉!,!,!,!  𝜆𝜆  ℳ!,!  𝑃𝑃!,!!"#$%"&  𝜋𝜋!"#$%"&
𝑣𝑣𝑣𝑣ℎ𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖
𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦

∆!,!,!,!,!!"!#$%&'$(  !"#$  !"!#$%&'$(=   𝑉𝑉!,!,!,!  𝜆𝜆  ℳ!,!  𝑃𝑃!,!!"!#$%&'$(  𝜋𝜋!"!#$%&'$(
𝑣𝑣𝑣𝑣ℎ𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖
𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦

∆!,!,!,!,!!"# = ∆!,!,!,!,!!"!#$%&'$(  !"#$  !"#$%"& + ∆!,!,!,!,!!"!#$%&'$(  !"#$  !"!#$%&'$(

( 1 )

𝑃𝑃!,!!"#$%"& 
𝑃𝑃!,!!"!#$%&'$( 

∆!,!,!,!,!  !"!"#$%&'=   𝑉𝑉!,!,!,!  𝑀𝑀!   ℳ!,!
𝑣𝑣𝑣𝑣ℎ𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖
𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦 , ∀  𝑖𝑖 ≠ 𝑗𝑗 

where M
j
 is the total marketing effect for a 

platform j.
There is also a possibility that non-

drivers will forget their opinion if not ex-
posed to a platform for a certain period of 
time. 

∆!,!,!,!,!  !"#$%&&'($= 𝑉𝑉!,!,!,!
𝜏𝜏!"#$  !"#$%&&'($

𝑣𝑣𝑣𝑣ℎ𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖
𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦 , ∀  𝑖𝑖 ≠ 𝑗𝑗,𝑢𝑢 = 𝑢𝑢𝑢𝑢𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 

Where τview forgetting is time to forget the view 
in years. More detailed description of the 

model including explanations of other vari-
ables is in the Appendix A.
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The objective is to uncover the mech-
anisms influencing the adoption of 
the technologies. Given that em-

pirical information is incomplete for the 
system, an exploratory approach to model-
ing is used.  Although the resulting model 
cannot be taken as a precise image of the 
system, it does provide relevant insight into 
the resulting behavior from the structure 
(Bankes, 1993). 

In order to evaluate the influence 
of unfavorable and favorable WOM the 
customer satisfaction level CSL

SO GAS
 as af-

fected by the utility U
2
 (Eq. ( 1 ) was de-

fined exogenously with low starting points 
explored through the scenario evaluation. 
This means that U

2
 < U

1
 creates frustration 

from the actual experience being below ex-
pectations set at the time of purchase.

Ford’s loop knockout methodology 
was used to test the model mechanics and 
demonstrate the importance of the unfa-

vorable WOM in determining market size 
(Ford, 1999). Loop knockout identified the 
dominant loops and underlying factors 
and relationships that lead to the observed 
system behavior necessary to inform pol-
icy development. Simulations were run 
with the set of parameters corresponding 
to aggressive promotion of SO vehicles 
($500 million of additional marketing/
year) (Keith, 2012b). Customer satisfaction 
level CSL

SO GAS
 reflecting the combination 

of infrastructure availability, vehicle per-
formance, and SO fuel price was defined 
on the dimensionless scale from -1 to 1 to 
start at negative 0.1 and end at 0, leaving 
consumers unsatisfied with the value prop-
osition of a new SO platform.  Two identi-
cal scenarios were defined with only a dif-
ference in the sensitivity S to the negative 
WOM dynamics such that the square ma-
trix M

v,u
 of allowed directions and strengths 

of view changes from view v to view u be-
comes 

ℳ!,! = S
0 𝑆𝑆𝑝𝑝! 0
𝑆𝑆𝑆𝑆! 0 0
𝑝𝑝! 𝑆𝑆𝑆𝑆! 0

𝑝𝑝! = 𝑝𝑝!"#$%"&'(  !"  !"#$%&'$()*   ,          𝑝𝑝! = 𝑝𝑝!"#$%&'$()*  !"  !"#$%"!"#

𝑝𝑝! = 𝑝𝑝!"#"$%!&"'&(  !"  !"#$%"&'(  ,          𝑝𝑝! = 𝑝𝑝!"#"$%!&"'&(  !"  !"#$%&'$()*

Where  p
1
 - p

4 are the strengths of 
the allowed transition between consumer 
views of a platform (see Appendix A for 
full specification). Having sensitivity S as a 
multiplier for all strengths except for p

3
 en-

sured that setting S = 1 set up the scenario 
with the full effect of unfavorable and favor-

able WOM and by setting S = 0 the baseline 
scenario is set with no effect of unfavorable 
WOM, but where favorable WOM is func-
tioning.  

Figure 7 shows a simulation of the 
model based on conventional structure where 
there is no unfavorable WOM (S = 0), which 
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. Model results without negative word of mouth

. Model results with negative WOM
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demonstrates a very optimistic picture 
about the potential adoption of SO even 
when the perceived utility of the vehicle 
is poor. This simulation leads to a conclu-
sion that SO (SOGAS) will overtake con-
ventional gasoline (GAS) platform before 
the end of the simulation (2046), and the 
annual ethanol consumption will exhibit a 
strong growth trajectory. 

However, with the unfavorable 
WOM turned on (S = 1), the simulation 
shows that this scenario does not guaran-
tee SO success and results only in the tem-
porary mitigation of the downward ethanol 
consumption trend (see Figure 8). As soon 
as the marketing program that was pro-
moting the new vehicles ends after 10 years 
(2024), the unfavorable consumer experi-
ence takes over and drives down vehicle 
sales.

In the scenarios explored in this re-
search, 100% of the adverse effect on mar-
ket share of SO vehicles observed between 
Figure 7 and Figure 8 is due to unfavorable 
WOM because the buyer utility U

1
 (Eq.

( 1 )) of the SO vehicle was set to have a 
 relative value versus competing plat-

forms. This means that the SO platform is 
a clear winner in the absence of unfavor-
able WOM. Therefore, the negative market 
change observed in the simulation with 
full unfavorable WOM sensitivity (S = 1) 
is solely due to low customer satisfaction 
level affected by inferior post purchase user 
utility U

2
 (Eq.( 2 )). While in a general mar-

ket unfavorable WOM will not be the only 
mechanism influencing market change, 
this paper focuses on establishing the need 
and providing arguments to directly con-
sider unfavorable WOM as a distinct phe-
nomenon affecting market growth. It does 
not negate the role of also considering the 
classic market mechanisms utilized in tra-
ditional models and policy development. 

Results & Analysis

The specific conditions that lead to 
loop dominance in a given time in-
terval are dependent on the exoge-

nous inputs. Consequently analysis focuses 
on qualitative observations and explana-
tions that provide insight into policy for-
mation. 

Based on the model structure and 
analysis, the marketing and consumer 
views, in part derived by the utility of the 
fuel choice, were identified as the most im-
portant factors in affecting the views of po-
tential adopters and total ethanol demand. 
Lack of empirical data on the consumer 
perception exists on how to relate avail-
ability and price of fuel and performance of 
SO vehicles on the different fuel options to 
consumer experience. Therefore, the link 
was intentionally broken and a range of in-
puts spanning the entire factor space tested 
using multivariate Monte-Carlo analysis. 
This identified the ranges under which the 
different loops dominate and inform where 
the system boundaries need to be and 
where the stakeholders will need to operate 
in order to achieve sustained ethanol con-
sumption increases.

Scenario runs with varying 
marketing ranging between $0 and $500 
million/year over a 10-year period were 
performed and the consumer view was 
varied. The entire consumer response space 
(-1 to +1) was mapped showing ethanol 
consumption and SO vehicles (see Figure 
9). Final consumer experience is always 
equal to 1 and the trajectory is second or-
der polynomial.   

Marketing is needed to initiate 
sales, but sees rapidly diminishing re-
turns. Concurrently, the marketing impact 
is highly affected by consumer view. This 
can result in the unintended consequence 
of growth then collapse. The effect is pro-
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nounced when marketing is reduced but 
consumer experience is still negative. This 
occurs because the only counterbalance to 
the negative WOM is the existing positive 
views, which are diminished over time.   

Analysis of the surface plot (see Fig-
ure 9) suggests certain thresholds for mar-
ket growth. In effect, the consumer view 
must be positive by the time marketing for 
platform introduction has ended to achieve 
the sharp increase in ethanol consumption. 
The strength of consumer experience is 
observed to be more dominant than mar-
keting in determining ethanol demand and 
SO vehicle market share. When the expe-
rience is poor (<0), marketing is unable 
to generate substantial increase in ethanol 
consumption, and when the experience is 
positive (>0) there is diminishing return 
on marketing investment especially above 
$150 million/year.

Discussion

The results show the importance of 
including unfavorable views and 
WOM in the SO market model and 

understanding their mechanism of influ-
ence on the observed system behavior. 
Although all models can be considered 
wrong to some degree, they can inform 
policy development by providing valuable 
insight into the behavior and sensitivities 
of components of the system in question 
(Sterman, 2002). This discussion focuses 
on the importance of including unfavor-
able perceptions, and multiple stakeholders 
and assumes the precision of the results is 
of secondary importance. The application 
of loop knockout illustrates the difference 
between the behavior seen in the existing 
single stakeholder model and new mod-
el. A key difference is the ability to allow 
for a change in reinforcing social exposure 
loops from a virtuous to a vicious cycle. 

Fuel choice, and the ability of the market to 
maintain adequate supply and price point, 
plays a role in influencing the consumer 
perception and vehicle utility. Although 
the instantaneous perception and utility of 
the SO fuel can quickly change, the views 
of the vehicle owners are harder to change. 
This can lead to persistent negative rein-
forcement than can undermine long-term 
prospects for the technology platform, and 
place increased importance of accommo-
dating all stakeholder needs in the earlier 
years of technology deployment.   

The influence of unfavorable WOM 
depends on consumer satisfaction, rates of 
forgetting, and rates of conversion. If the 
rate of forgetting is very high, this reduc-
es down to the immediate experience and 
the ratio of favorable to unfavorable WOM. 
The end result is a delay in market growth 
until adequate utility is reestablished and 
favorable WOM dominates the social diffu-
sion. As long as some unfavorable views ex-
ist, the rate of market growth and carrying 
capacity will always be lower than what is 
observed in the Keith model and projected 
in current policy and regulations, and will 
either follow a reduced positive trajectory 
or stagnate. However, under more severe 
conditions unfavorable WOM will domi-
nate after initial market introduction and 
can lead to a reverse tipping point in which 
the market collapses through the growth of 
the unfavorable view. In the case suggested 
by Chen, et al. (2013) and Denrell (2008) 
where consumer forgetting of unfavorable 
experiences is zero or very low and risk 
aversion to new technology remains high 
the stock of unfavorable views will contin-
ue to grow and erode the potential market 
capacity (favorable view stock) even when 
the consumer experience is very high and 
conversion of favorable views to purchase 
of SO capable vehicles is high. The total 
flow of new SO vehicle purchases will re-



127

main low, and the stock of SO vehicles in 
use will decline over time. If adequate mar-
keting or positive changes in vehicle and 
fuel utility are not introduced in a timely 
manner then growth of the unfavorable 
consumer stock will accelerate the negative 
reinforcement and drive a decay of poten-
tial customers towards zero. In reality, the 
system is likely to collapse well before then 
as auto manufacturers, fuel suppliers, and 
retailers are unable to sustain their invest-
ment due to diminishing sales.

Conclusions

The new structure presented in this 
paper helps refine the mental mod-
el and analysis of market uptake of 

complex alternative fuel systems with mul-
tiple stakeholders and competing interests 
with significant implications for regulatory 
and policy development. The results show 
that under certain conditions if policy or 
behavior of one stakeholder is out of sync 
with the others, then negative feedbacks 
can occur. Policy that focuses on gener-
ating growth in one area (even using SD 
modeling) can miss critical structure/be-
havior and lead to erroneous conclusions 
when only traditional favorable views are 
assumed and positive feedbacks occur. The 
inclusion of the unfavorable view stock and 
associated loop can play a dominant role 
in determining the growth or collapse of 
the system. The negative feedback behav-
ior generated by the unfavorable WOM 
was not previously observable, not consid-
ered in the formulation of US ethanol pol-
icy, and narrows the system boundaries in 
which all stakeholders: consumers, energy 
companies, ethanol producers, OEMs, and 
fuel retailers can achieve a positive out-
come. 

In the real world, there is almost 
certainly some fraction of dissatisfied cus-

tomers with a given product. In a mature 
market it is more likely that the system 
will behave in a manner comparable to the 
commonly observed market share fluc-
tuation where the growth of unfavorable 
views is approximately balanced by forget-
ting. This reflects a system where multiple 
loops are dominant. In a nascent industry 
like the SO fuel and vehicle market the 
role of unfavorable experiences and WOM 
can dominate and establish a path depen-
dence early on that can ultimately lead to 
market collapse. This suggests the critical 
importance of creating and maintaining a 
very high positive experience, potentially 
at the expense of technology growth rate, 
for initial customers and system stake-
holders until system maturity is reached. 
Although the mathematical possibility of 
marketing levels and manufacturer sub-
sidies to improve the utility exists, policy 
makers should be aware that this is not a 
practical long-term strategy. Other factors 
that can influence consumer view include 
policy that influences the price of the fuel, 
the availability of the fuel at the initial ve-
hicle deployment, or policies that change 
the amount of technology investment in 
the powertrain platform and improve the 
vehicle performance. 

To achieve the policy objectives of 
a regulatory mandate imposed on a single 
stakeholder all stakeholders have to work 
together to not only fulfill each of their 
specifications before the platform launch 
(e.g., create optimized engine, start con-
versation of stations to be SO fuel compati-
ble, build initial ethanol capacity), but also 
create the environment where all these ele-
ments work together and guarantee every-
day positive experience of early adopters. 
This can be adjusted through one of several 
mechanisms: price of the vehicle, availabil-
ity of the SO fuel, and the price of the fuel. 
These are balanced by needing to maintain 
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positive finances for the other stakeholders. 
For example, the early investment in fuel-
ing infrastructure and ethanol production 
infrastructure ahead of the vehicle deploy-
ment will increase the supply and availabil-
ity of SO fuel, improving consumer utility, 
but will also lead to cash flow and finan-
cial risk for the respective stakeholders 
resulting in delayed price and availability 
risks. The relative fuel economy and per-
formance of the vehicle can also be adjust-
ed but not simply by policy or marketing 
levers. It is clear that each of the items on 
this list belongs to the domains of different 
stakeholders, meaning such an environ-
ment can only be created by all stakehold-
ers acting together and synchronizing their 
efforts to make sure they do not fall prey 
to capability traps. These capability traps 
could include prescribed or mandated 
sales volumes. From a policy perspective 
the capability traps in the ethanol-fuel and 
vehicle system derive from the fact that 
different government agencies regulate or 
manage policy for each of the stakeholders. 
While they depend on the behavior of the 
other stakeholders they lack the ability to 
directly control or influence their behavior. 
This should serve as a warning to policy 
and regulatory development that if ethanol 
supply is not closely matched to demand 
due to aggressive vehicle sales, poor vehicle 
performance, constraints in ethanol sup-
ply, or ethanol price then the outcome may 
be opposite of what is intended. In effect, 
the behavior of the multiple stakeholders 
serves to mitigate the growth rate of etha-
nol consumption.  

Specific to ethanol consumption the 
analysis demonstrates that SO platforms 
have the potential to reverse the down-
ward trend of ethanol consumption and 
achieve a substantial increase compared 
to the business as usual scenario where the 
ethanol consumption plummets over time 

due to fuel economy improvements of the 
vehicle fleet. The current scenarios tested 
don’t show that it is possible to increase the 
ethanol consumption to the RFS mandated 
level of ~30 billion gallons by 2022 given 
the current ethanol content of regular gas-
oline fuel and the projected 20–30% of eth-
anol in SO fuel for the vehicle stock used 
in the model (using current fuel economy 
regulations out to 2025). Therefore, in or-
der to reach ~30 billion gallons of ethanol 
from today’s level of about 15 billion gal-
lons requires other sources or uses of etha-
nol consumption, such as trucks, and oth-
er policies that may incentivize the use of 
SO ethanol fuels (such as carbon pricing). 
More broadly, the results imply a reorienta-
tion of policy from a prescriptive approach 
to a performance-based approach with in-
centives. This finding is consistent with the 
“narrow” version of the Porter Hypothesis 
proven by Lanoie et al. (2011), which states 
that flexibility in regulations such as per-
formance based regulations lead to better 
innovation and outcomes Furthermore, 
the results support the framework devel-
oped by Carlson requiring economic value 
as the precursor to disruptive technology 
change in a policy framework that is able 
to adopt to future unknown conditions and 
maintain flexibility (Carlson & Fri, 2013). 
Given the relative long-term uncertainty of 
the factors affecting relative utility, vehicle 
demand, and travel demand the current 
RFS is poorly structured to ensure sus-
tained ethanol market growth. The system 
behavior and limitations derived from an 
expanded policy analysis can better in-
form expectations and help manage risk 
for the stakeholders by informing more 
constrained expectations and stakeholder 
behavior.  
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Appendix A

The current model structure (Figure 
10) covers the following dimensions though
subscripts: 

Since every platform owner has to 
have an opinion of every platform, increas-
ing the number of platforms on the market 
leads to the O(avi2) expansion of model state 
variables.

It is important to maintain the integ-
rity of stock levels, so that the same number 
of drivers has opinions about every existing 
platform. 

Mathematically, it is represented as 
the following constraint

𝑉𝑉!,!,!,!
!,!

=    𝑉𝑉!,!,!,!
!,!

, 𝑘𝑘, 𝑙𝑙   ∈ 𝐽𝐽, 𝑘𝑘 ≠ 𝑙𝑙, 𝐽𝐽 = 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎  𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 , ∀  𝑖𝑖 

The matrix M
v,u

 is defined as

ℳ!,! =
0 𝑝𝑝! 0
𝑝𝑝! 0 0
𝑝𝑝! 𝑝𝑝! 0

where the diagonal elements are equal to 0, as 
the views cannot be changed to themselves. 
The last column is also 0, as the model does 
not allow views to change to “uninfluenced” 
through the WOM mechanism since WOM 
implies influence (favorable or unfavorable). 

Changes to uninfluenced are taken care of 
by the separate process of forgetting. Other 
elements p

1
 - p

4
 are the strengths of the tran-

sition between other combinations of views. 
Exact values depend on the market. In this 
model the following values are:

𝑝𝑝! = 𝑝𝑝!"#$%"&'(  !"  !"#$%&'$()* = 0.9  

𝑝𝑝! = 𝑝𝑝!"#$%&'$()*  !"  !"#$%"&'(   = 0.5  

𝑝𝑝! = 𝑝𝑝!"#"$%!&"'&(  !"  !"#$%"&'(   = 1  

𝑝𝑝! = 𝑝𝑝!"#"$%!&"'&(  !"  !"#$%&'$()*   = 1 
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where different values for p
1
 and p

2
 reflect 

the asymmetry of WOM, i.e., it is easier to 
convert people to a negative opinion, than to 
bring them back to the favorable camp.

Probability of view change Pdrivers  is 
best defined using empirical data. In the ab-
sence of this data a table function (see Fig-
ure 11) suggest by the literature is used that 

reflects consumer risk aversion and behavior 
based on strength of view. Consumer experi-
ence is normalized on a scale of -1 to 1 where 
-1 reflects full dissatisfaction and 1 is full sat-
isfaction. Consumer view is also dimension-
less variable that reflects the strength and va-
lence of the consumer influence on a scale of  
-1 to 1. 

Consumer experience 

C
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m
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w

 

A

B

C

0 

0 

. Table function for consumer view change versus consumer experience.

The shape of the graph reflects the asymmetry 
of the effect of consumer experience on the 
view change. Neutral position (0 on the Y axis) 
corresponds to the slightly above median con-
sumer experience (0.2, point A), as customers 
remain unsatisfied until the product performs 
at the above average level. In addition, satura-
tion occurs at the level of consumer experi-
ence equal to 0.8 (point B), reflecting the fact 
that people are going to be fully satisfied when 
the experience is close to ideal, and people 
remain fully unsatisfied until the experience 

moves above -0.7 (Point C), illustrating that 
people are still fully unhappy about the prod-
uct when the experience is very low.

The time to change views of drivers 
of τdrivers is set at one month; considered to be 
a reasonable time to form strong perception 
about the car a person owns.

Probabilities of contact with drivers 
and nondrivers of technology j holding view 
v, and probabilities of view change after con-
tact with drivers and nondrivers are defined 
as

𝑃𝑃!,!!"#$%"& =   
𝑉𝑉!,!,!,!!
𝑉𝑉!,!,!,!!,!,!

, ∀  𝑖𝑖 = 𝑗𝑗 

𝑃𝑃!,!!"!#$%&'$( =   
𝑉𝑉!,!,!,!!,! −    𝑉𝑉!,!,!,!!

𝑉𝑉!,!,!,!!,!,!

  𝜋𝜋!"#$%"&   = 0.1 

  𝜋𝜋!"!#$%&'$(   = 0.01 

𝜆𝜆 = 20   𝑣𝑣𝑣𝑣ℎ𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦 𝑣𝑣𝑣𝑣ℎ𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖
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 where S
j
 is the total marketing spending 

per platform j in $MM/year, σ is market 
effectiveness in 1/$MM, and τmarketing is mar-
keting forgetting time in years.

Given all the possible mechanisms 
of view change listed above, the full equa-
tion for the flow changing stock of vehicles 
V

i,j,v,a
 is

Total marketing effect for a platform 
j is

𝑀𝑀! =   𝑀𝑀!!"!#!$% + 𝑀𝑀!!""#$#%!&'() −𝑀𝑀!!"#$%&&'($ 𝑑𝑑𝑑𝑑

𝑀𝑀!!""#$#%!&'() = 𝒮𝒮!𝜎𝜎  
1

𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦

𝑀𝑀!!"#$%&&'($ =
𝑀𝑀!

𝜏𝜏!"#$%&'()
1

𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦

𝑓𝑓!,!,!,! =    ∆!,!,!,!,!!"#$%"& + ∆!,!,!,!,!!"# + ∆!,!,!,!,!!"#$%&'() + ∆!,!,!,!,!  !"#$%&&'($

!

−    ∆!,!,!,!,!!"#$%"& + ∆!,!,!,!,!!"# + ∆!,!,!,!,!!"#$%&'() + ∆!,!,!,!,!  !"#$%&&'($

!

Since  ∆
i,j,v,a

 is the outflow, the first 
term depletes the stock of vehicles having 
view v to all other potential views, and the 
second term fills stock of vehicles having 

view v with the inflow from all other views.
Each age group has the outflow of re-

tirement of vehicles 

𝑓𝑓!,!,!,!  !"#$!"%"&# = 𝑉𝑉!,!,!,!𝜌𝜌!   
𝑣𝑣𝑣𝑣ℎ𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖
𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦

𝜌𝜌! = 0.001, 0.01, 0.1, 0.3 1
𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦

where ρ
a
 is retirement fraction for each age 

group. 
The inflows and outflows to estab-

lish the mechanism of aging along the aging 
chain are given as
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𝑓𝑓!,!,!,!!
!"#$%& =

𝑁𝑁! 𝒱𝒱!,!,!!"#𝛼𝛼 + 𝒱𝒱!,!,!!"#$!"%"&# 1 − 𝛼𝛼 , 𝑘𝑘 = 1
𝑓𝑓!,!,!,!!!!
!"#$%!& , ∀  𝑘𝑘 ≠ 1

𝑣𝑣𝑣𝑣ℎ𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖
𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦

𝑓𝑓!,!,!,!!"#$%!& =
0, 𝑎𝑎 = 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙  𝑎𝑎𝑎𝑎𝑎𝑎  𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔
𝑉𝑉!,!,!,!
𝜏𝜏!"# , 𝑎𝑎 = 𝑜𝑜𝑜𝑜ℎ𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒

𝑣𝑣𝑣𝑣ℎ𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖
𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦

𝒱𝒱!,!,!!"# =    𝒱𝒱!,!,!
!"#$!"%"&# − 𝒱𝒱!,!,!!"#

𝜏𝜏!"#$  !"#$"!%&'( 𝑑𝑑𝑑𝑑 + 𝒱𝒱!,!,!!"!#!$%   

𝒱𝒱!,!,!!"#$!"%"&# =
0, ∀   𝑖𝑖 = 𝑗𝑗 ∧ ( 𝑣𝑣 = 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢     ∨    𝑣𝑣 = 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 )

𝑓𝑓!,!,!,!  !"#$!"%"&#
!
𝑓𝑓!,!,!,!  !"#$!"%"&#

!,!
, 𝑜𝑜𝑜𝑜ℎ𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒

𝛼𝛼 = 0.25 

𝒱𝒱!,!,!!"# =

1 0 0
0 1 0
0 0 1

, 𝑖𝑖 = 𝐺𝐺𝐺𝐺𝐺𝐺

0 1 0
1 0 0
0 0 1

, 𝑖𝑖 = 𝐻𝐻𝐻𝐻𝐻𝐻

0.95 0.05 0
0.05 0.85 0.1
1 0 0

, 𝑖𝑖 = 𝑆𝑆𝑆𝑆  𝐺𝐺𝐺𝐺𝐺𝐺

( 1 )

 Where N
i
 is the vehicle sales of plat-

form i in vehicles per year,        is the ma-
trix of views of first time vehicle buyers, and                    
is                   the matrix of views of existing 
owners of vehicles, α is fraction of first own-
ers in the vehicle sales, τview perception is time to 
change the views of first time buyers based 

on the prevailing opinions of retired vehi-
cles owners, and τage is the aging chain step in 
years.

In order to ensure the stocks are ini-
tialized in equilibrium, the following equa-
tions are used to compute the initial values, 
assuming four age groups 

𝑉𝑉!,!,!,!!"!#!$% = 𝐼𝐼!"𝒱𝒱!,!,!!"!#!$% 

𝑉𝑉!,! = 𝑉𝑉!,!,!,!
!

 

𝐼𝐼!" = 𝐹𝐹!×

𝜌𝜌!!𝜏𝜏!"#   1+ 𝜌𝜌!!𝜏𝜏!"#   1+ 𝜌𝜌!!𝜏𝜏!"#

1+ 𝜌𝜌!!𝜏𝜏!"# 3+ 𝜏𝜏!"#   𝜌𝜌!! + 2𝜌𝜌!! + 𝜌𝜌!!𝜌𝜌!!𝜏𝜏!"#
, 𝑎𝑎 = 𝑎𝑎!

𝑉𝑉!,!!
1+ 𝜌𝜌!!𝜏𝜏!"#

, 𝑎𝑎 = 𝑎𝑎!
𝑉𝑉!,!!

1+ 𝜌𝜌!!𝜏𝜏!"#
, 𝑎𝑎 = 𝑎𝑎!

𝑉𝑉!,!!
𝜌𝜌!!𝜏𝜏!"#

, 𝑎𝑎 = 𝑎𝑎!

For other aging steps and number of 
links in the aging chain, the equations for ini-

tial equilibrium conditions become more com-
plicated and are not included in this paper.

𝒱𝒱!,!,!!"#$!"%"&# 	  

𝒱𝒱!,!,!!"# 	  
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Acronyms

• AKI: Anti-Knock Index octane rat-
ing

• E20: Gasoline blend with up to 20%
ethanol

• E85: High ethanol blend of up to 85%
ethanol with the balance gasoline

• FFV: Flex Fuel Vehicle. A vehicle ca-
pable of using a fuel blend up to 85%
ethanol with the balance gasoline

• HEV: Hybrid Electric Vehicle
• LDV: Light-Duty Vehicle
• OEM: Original Equipment Manufac-

turer. The automobile brand manu-
facturers

• RFS: Renewable Fuel Standard
• RON: Research Octane Number
• S&K: Struben & Keith
• SO: Super Octane. Gasoline fuel

blends with Anti-Knock Index rat-
ings of 94 or higher, or Research Oc-
tane Number ratings of 99 or higher
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What’s On the Menu: Assessing Manufactured Risk in 
Restaurant Inspection Systems Using Agent-Based Models
Sara McPhee-KnowlesA 

Th

Th eff
Th

Introduction

In his seminal work on the risk society, 
Beck (1992) posited that “the social 
production of  is systematically 

accompanied by the social production of 
” (p. 19). The way these risks are pro-

duced, distributed, and defined by technical 
and scientific systems is a source of conflict 
in modern society. An interesting group 
of ‘manufactured risks’ is associated with 
foodborne disease. Given the globally con-
nected supply chain and embedded threats 
to food safety combined with an aging pop-
ulation that is more likely to suffer from 
foodborne illnesses, foodborne disease 
will become an increasingly important is-
sue for Canadians, as well as those in other 
OECD countries. Eating outside the home 
has also been highlighted as a risk factor for 

foodborne disease (Jones & Angulo, 2006), 
and Canadians continue to spend more on 
restaurant meals (GE Capital Franchise Fi-
nance, 2013; Statistics Canada, 2006), po-
tentially increasing their chances of coming 
into contact with foodborne pathogens

To explore elements of foodborne 
disease as manufactured risk, an agent-
based simulation model (ABM) was de-
veloped. The model represents a stylized 
version of the current policy environment 
for inspecting restaurants, illustrating op-
portunities for improving the transparency 
of current inspection systems by disclosing 
inspection results. Although this policy is-
sue has been explored using other methods 
including surveys (Henson et al., 2006) and 
statistical modelling (Simon et al., 2005), 
ABM is a new method for investigating this 
space. Results from the simulation analysis 
show that giving consumers more infor-

A Ph D  Candidate, Johnson-Shoyama Graduate School of Public Policy, University of Saskatchewan, Saska-
toon, Canada
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mation about restaurant inspection scores 
results in a slightly higher average number 
of sick consumers, but much less variability. 
Overall, as the number of restaurants com-
plying with regulations increases, the num-
ber of sick consumers decreases. 

Background

Th

Risks in the modern world are differ-
ent. Whereas most hazards in the 
pre-industrial era were based on 

natural causes, there are now risks that are 
caused by the industrial advancement of 
society. These manufactured risks, as de-
fined by Beck (1992) are “a systematic way 
of dealing with hazards and insecurities 
induced and introduced by modernization 
itself " (p. 2). Manufactured risks, such as 
the risks associated with nuclear power or 
widespread pollution from agricultural fer-
tilizers, transcend the boundaries of indi-
vidual households, regulatory jurisdictions, 
and nation-states. They are generally imper-
ceptible and thus require expert assessment 
using the tools of modern science; they 
are also prone to social constructions and 
definitions (Beck, 1992, p. 23). The conse-
quences of manufactured risks are political 
in nature. In the risk society, societal in-
terventions involving decision making and 
governance processes are what “transform 
incalculable hazards into calculable risks” 
(Elliott, 2002, p. 295). Societal intervention 
changes the nature of society itself, and thus 
further changes the nature of risk through 
a process known as reflexive modernization 
(Beck, 1992, p. 153). 

Although concerns related to food 
safety are ancient (Keusch, 2013), the role of 
science, technology, and scale in food pro-
duction has arguably led to more uncertainty 
now in food systems than previously. Many 
of the key features of manufactured risks are 
applicable to foodborne disease. The con-
cept of food risks as manufactured risks has 
been explored elsewhere (Green, Draper, & 
Dowler, 2003), but will be expanded here. 
Manufactured risks are invisible, hidden in 
everyday life, and are only brought to our at-
tention through the application of the tools 
of science (Beck, 1992, p. 21). For example, 
food that has been contaminated by bacte-
ria generally looks, tastes, and smells com-
pletely normal (Alberta Health, 2014). The 
invisibility of modern food risk means that 
consumers need assurance about the safe-
ty of food by inspection agencies. Because 
risks are invisible and require ‘scientization’ 
in order to be perceptible to individuals, it is 
often unclear whether exposure to the risk 
has increased, or whether public perception 
of it has become heightened (Beck, 1992, p. 
55). 

Some foodborne illnesses result 
from inappropriate handling or other prob-
lems at the final preparation stage. Recent 
work by Batz, Hoffman, and Morris (2011) 
indicates that 70–80 percent of outbreaks1  
from multi-ingredient dishes resulted from 
foods prepared outside the home (p.13). 
Such risks can be equalizing in a distribu-
tional sense—even those with money or 
power may not be able to avoid them. Food 
risks also have a ‘boomerang effect’ (Beck, 
1992) where even those who are producing 
the risks are afflicted by them. This is espe-
cially the case with food since we all need to 
eat (p. 37).  

1 The CDC (2014) defines a foodborne disease outbreak as ‘an incident in which two or more persons expe-
rience a similar illness after ingestion of a common food, and epidemiologic analysis implicates the food as 
the source of the illness.’



140

Lastly, modern risks are often polit-
ically explosive. There are extensive social, 
economic, and political side effects of health 
risks, a situation made apparent in the fall-
out following the discovery of the link be-
tween bovine spongiform encephalopathy 
(BSE) and Creutzfeldt-Jakob Disease (CJD) 
in the United Kingdom (Palmer, 1996). Fol-
lowing such an outbreak, people tend to 
employ risk avoiding behaviors (Yeung & 
Morris, 2001) and reduce their consump-
tion of implicated foods, but then slowly re-
turn to previous consumption levels (Bock-
er & Hanf, 2000; Knight, Worosz, & Todd, 
2009). This element of consumer behavior 
is consistent with the risk society; “Where 
everything turns into a hazard, somehow 
nothing is dangerous anymore …The risk 
society shifts from hysteria to indifference 
and vice versa” (Beck, 1992, pp. 36-37).

Food supply chains now are more in-
terconnected and complex than ever. 
Global food trade has increased from 

approximately 50 billion US dollar in 1960, 
to 438 billion US dollar in 1998, to 1060 
billion in 2008 (Ercsey-Ravasz, Toroczkai, 
Lakner, & Baranyi, 2012). Such a rapid in-
crease has implications for foodborne dis-
ease outbreaks, especially since trade has 
moved away from staples and into finished 
products, which pose challenges for trace-
ability. Ultimately, the complex global sup-
ply chain could allow for foodborne patho-
gens to spread very quickly and thus make 
it extremely difficult to isolate the source 
of an outbreak (Ercsey-Ravasz et al., 2012; 
Keusch, 2013; McEntire, 2013). Risks that 
are global in nature and extend beyond na-
tional boundaries are key elements of the 
risk society (Beck, 1992). Since many foods 
are now imported, food safety is no longer 

an outcome of nationally bound systems 
(Munro, Le Vallee, & Stuckey, 2012, p. 3). 

In addition, there is uncertainty 
about the number of foodborne disease 
cases per year in North America. The over-
all disease burden of food-borne diseases is 
unknown (Newell et al., 2010). The Public 
Health Agency of Canada (PHAC) esti-
mates that 4 million Canadians, or 1 in 8, 
are sick each year from foodborne illnesses 
(Public Health Agency of Canada, 2013). 
The Centers for Disease Control and Pre-
vention (CDC) estimates that, in the United 
States each year, there are 48 million cases, 
128,000 hospitalizations, and 3000 deaths 
related to foodborne illness (Centers for 
Disease Control and Prevention, 2013). 
These estimates are built upon numerous 
assumptions. Both the CDC and PHAC ac-
knowledge that there is underreporting, in 
part because many cases are relatively mild 
and thus not officially diagnosed. 

Differences between national re-
porting structures and surveillance make 
it difficult to compare data across countries 
and jurisdictions. A higher number of re-
ported cases could simply be the result of 
better surveillance and reporting, and not 
necessarily because of more illnesses (Ro-
court, Moy, Vierk, & Schlundt, 2003). The 
uncertainty associated with estimates com-
plicates evaluating the effectiveness of mon-
itoring systems. Although the goals of risk 
governance in the food system are to reduce 
the number illnesses caused by foodborne 
diseases, determining whether this has oc-
curred is tricky when there are gaps in our 
understanding of the true burden of food-
borne diseases. 

Further uncertainties in demo-
graphic shifts illustrate the interconnected-
ness of foodborne diseases and demograph-
ics. In Canada, as in other OECD countries, 
the population is aging at a rapid rate. Be-
tween 2006 and 2011, the number of se-
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niors over 65 in Canada increased by 14.1% 
and now comprise around 5 million people, 
while the 60–64 age group grew by 29.1% 
over the same time period (Statistics Can-
ada, 2013). The Canadian Food Inspection 
Agency (CFIA) identifies adults over 60 as 
an at-risk population for foodborne disease 
(Canadian Food Inspection Agency, 2013). 
Additionally, pregnant women, young chil-
dren, and immunocompromised people are 
more prone to foodborne illness (Gerba, 
Rose, & Haas, 1996). As populations age, 
the incidence of diseases that accompany 
age, such as cancer and diabetes, are like-
ly to increase. Individuals who suffer from 
these illnesses are also more prone to food-
borne illness. Additionally, advancements 
in medical technology such as chemother-
apy will lead to greater numbers of immu-
nocompromised individuals living longer, 
with associated implications for foodborne 
illness incidence and severity. These inter-
connected elements of the food system con-
tribute to the uncertainty of managing risks 
related to food. 

Particularly in the absence of a recent 
food illness catastrophe, focus group 
research shows that safety is just one 

attribute that influences food purchasing 
decisions. People report generally feel-
ing competent at making food decisions 
(Green, Draper, & Dowler, 2003). But is 
this feeling correct? Although pronounced 
uncertainty remains as to the overall in-
cidence and sources of foodborne illness 
(Jacob & Powell, 2009), estimates indicate 
that up to 70% of foodborne illnesses can 
be linked to foodservice establishments (as 
cited by Filion & Powell, 2009, p. 287). In 
turn, Canadians are spending an increasing 
amount of money on restaurant meals (GE 

Capital Franchise Finance, 2013; Statistics 
Canada, 2006). Due to these issues, the re-
mainder of this article will focus specifically 
on foodborne illness risks associated with 
eating food prepared by others in a restau-
rant environment. 

Although restaurant inspection sys-
tems seek to lower the incidence of food-
borne disease, evidence is mixed on how 
well inspection scores predict future illness 
outbreaks (Simon et al., 2005). In fact, the 
uncertainty in data on restaurant-related 
outbreaks makes it difficult to structure an 
effective study in this area (Filion & Powell, 
2009, p. 293-294). There are also incon-
sistencies between jurisdictions as to what 
constitutes a critical violation as well as the 
frequency of inspections (Filion & Powell, 
2009). The complexity of the food chain 
implies that a systems-level perspective on 
restaurant food safety is required to fully 
understand what is happening. But often 
the final responsibility for such decisions 
is simply shifted to the consumer, leav-
ing it up to the individual to make sound 
choices with the (often incomplete) food 
safety information available. In this regard, 
some scholars have advocated for a great-er 
level of transparency to encourage trust in 
food systems affected by contemporary 
risks, such as genetically modified products 
(Clark, 2013; Goncalves, 2004). This raises 
the question—will improved transparency 
in the restaurant inspection system help 
consumers stay safe?  

Some jurisdictions employ methods 
for giving consumers better access to in-
spection scores. In some areas, consumers 
must formally request a copy of inspection 
results (Filion & Powell, 2009), a situation 
presenting a strong “default” barrier for 
accessing appropriate information (Thal-
er & Sunstein, 2008). Other jurisdictions, 
including the Canadian province of Sas-
katchewan, make restaurant inspection re-



142

sults available online.2 Although the latter is 
an improvement with respect to information 
transparency, the process still requires a con-
sumer to choose a restaurant and look it up 
in advance. 

Other areas have chosen to make in-
formation available to the consumer at the 
actual decision point. For example, Toronto 
requires all restaurants to post their most 
recent inspection notice at or near the main 
entrance (City of Toronto, 2012),3 while the 
city of Los Angeles requires that inspection 
scores, in the form of letter grades, be post-
ed near the entry of a restaurant, as well as 
in an online database (Simon et al., 2005). 
In England and Northern Ireland, there is a 
voluntary program where a score on a five 
point scale is posted on the window or door 
of a restaurant. This program is mandatory in 
Wales (Food Standards Agency, n.d.). Den-
mark uses a system of smileys on inspection 
reports to indicate restaurant compliance 
with food safety regulations, and these re-
ports must be posted at the restaurant and 
on the establishment’s website, a system that 
has proven highly popular with consumers 
(Ministry of Food, Agriculture and Fisheries, 
2011).

Previous related research in this area 
has focused on the economic concept of 
asymmetric information (Akerlof, 1970), by 
disclosing inspection results, consumers can 
incorporate this information in their decision 
making, and restaurants have an economic 
incentive to comply with food safety statutes, 
lest they lose customers (Chatterji & Toffel, 
2010; Jin & Leslie, 2003; Simon et al., 2005; 
Weil et al. 2006). By giving consumers access 
to inspection information, transparency in 
the system would be improved, which could 

augment consumer trust; however, the inter-
action between increased trust and its effect 
on swings in consumer behavior between 
hysteria and indifference requires further at-
tention.      

Methodology

This article explores transparency 
in food inspection systems using 
an agent-based simulation model 

(ABM). This type of modeling represents 
complex systems more simply by focusing on 
the system’s individuals and their behaviors 
(Railsback & Grimm, 2012). Agent-based 
modeling represents a significant departure 
from other methods that focus on reducing 
a system to its component parts, or on aggre-
gating data and looking at averages; as such, 
this method is well suited to understanding 
the interconnected systems present in the 
risk society. 

ABM focuses on “describing a system 
from the perspective of its constituent units” 
(Bonabeau, 2002, p. 7280). Agents within the 
system are given simple rules for decision 
making at the individual level and depending 
on these rules, agents can interact with oth-
ers and react to changes in the environment 
(Gilbert, 2004). Emergence, a key concept 
in agent-based modelling, is present when 
these local interactions give rise to interest-
ing, and unexpected, macro-phenomena due 
to agents’ adaptive behavior. 

ABMs are useful for the study of sit-
uations where real experiments would en-
danger subjects and therefore be unethical, 
for example, modelling the spread of disease 
(Louie & Carley, 2008). Furthermore, the 
incremental nature of building social com-

2 Saskatchewan Online Restaurant Inspection Information: http://orii.health.gov.sk.ca/rhaReport.aspx-
?RHA=6
2 See (Filion & Powell, 2009) for a more in-depth discussion of other jurisdictions and their disclosure sys-
tems.



143

putational models allows for continued re-
finement, repurposing, and data collection 
as new insights are gained. Although these 
simulation models may be used for pre-
dictive purposes, that is not their only use. 
Such models, even if stylized, can be used 
to provide insight into hypothetical policy 
scenarios (Epstein, 2008). What follows is a 
basic description of a stylized restaurant in-
spection simulation model. It has been used 
to compare and evaluate two relevant policy 
scenarios.

Model Overview, Design Concepts, 
and Details

The Overview, Design Concepts, and 
Details (ODD) framework has been 
suggested as a foundation for de-

scribing ABMs in a consistent manner to 
facilitate re-implementation (Railsback & 
Grimm 2012). The ODD protocol will be 
used in this section to describe the simula-
tion model and environment. 

The restaurant inspection model was 
implemented in the NetLogo 5.0.1 software. 
As a purposely designed agent-based soft-
ware package, NetLogo supports three kinds 
of agents. These are referred to as turtles, 
patches, and links. Turtles are mobile agents 
and are used here to represent consumers 
and inspectors. Patches are locations (on a 
grid) as defined in the NetLogo computa-
tional environment. These have been used 
here to represent restaurants. Link agents 
were not necessary to model this particular 
problem.

: The purpose of the model is to cre-
ate a stylized food safety inspection system 
and compare two relevant policy scenarios. 
The first scenario incorporates elements of 

the current inspection system in the Cana-
dian province of Saskatchewan.  In this case, 
restaurants are inspected by local health au-
thorities and are assigned a re-inspection 
priority on a scale of low, moderate, or high 
depending on risk factors identified during 
the inspection procedure. The second sce-
nario to be examined builds on the first by 
giving consumers access to the re-inspec-
tion priority scores, and also incorporates 
elements of risk aversion in consumer choic-
es.  Each scenario is evaluated based on the 
number of inspected restaurants, number of 
contaminated restaurants, and number of 
sick consumers over the course of the model 
run.

: The mod-
el contains three kinds of agents: consum-
ers, inspectors, and restaurants. Consumers 
are endowed with state variables. These de-
scribe:

1. whether they are sick,
2. whether they belong to an at-risk

group,
3. the range over which they can trav-

el,
4. their choice of next destination,
5. a list of restaurants that have made

them sick in the past, and
6. a count of how long they stay sick.

In the second scenario, a risk aversion pa-
rameter for the consumer is added. The in-
spector only has a state variable describing 
their geographic range of operations. Final-
ly, restaurants are defined by a global vari-
able that describes whether or not a given 
patch is a restaurant, and also possess state 
variables describing where they are located, 
whether they are contaminated, their re-in-

5 View this model in the CoMSES Model Library: https://www.openabm.org/model/4304/version/1/view
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spection priority score, and whether they are 
compliant. Patches in the computational en-
vironment that are not defined as restaurants 
represent empty space. As in most NetLogo 
models, the computational environment is a 
torus that measures 33x33 grid squares with 
a central origin point, comprised of 1089 
patches. Realizations and interactions of the 
model progess for 75 time steps. The tempo-
ral scale of a time step and spatial scale of a 
patch are not specified.  

: The follow-
ing processes take place once per time step 
in the following order. 

(1) : The likelihood 
of restaurants becoming contaminated 
depends on whether or not they com-
ply with regulations. Restaurants that 
are compliant have a 0.5% chance of be-
coming contaminated each time step, but 
restaurants that are not compliant have 
a 3% chance of becoming contaminated 
each time step. Restaurants that become 
contaminated change their contaminated 
variable from 0 to 1. This is shown visual-
ly in the model by changing the color of 
the restaurant to red. 
(2) : Consumers who are not sick 
select a restaurant within their operating 
range that does not belong to their cur-
rent list of “bad restaurants” (places where 
they previously got sick) and move there 
to eat. If the consumer lands on a contam-
inated restaurant they have a chance of 
becoming sick, which also varies depend-
ing on whether they belong to an at-risk 
group. If the consumer becomes sick, they 
update their list of “bad restaurants” and 
remain sick for a specified number of time 
steps, depending on whether the agent is 
part of an at-risk group. In the second 
scenario, the consumer also behaves in a 
risk averse manner for 15 time steps after 

healing, meaning that they will only go to 
low re-inspection priority restaurants. If 
there are no suitable restaurants within 
the consumer’s range, the consumer sim-
ply wanders to look for restaurants in fu-
ture time steps.
(3) : The inspector agent prioritizes 
restaurants based on three levels of re-in-
spection priority. Each time step it selects 
a restaurant to inspect. It first chooses 
high priority restaurants within its range, 
then moderate, then low. If the chosen 
restaurant is contaminated, the inspec-
tor fixes this by changing the restaurant’s 
contaminated variable from 1 to 0, and 
subsequently raises the re-inspection pri-
ority of that restaurant. If there is no con-
tamination upon inspection, the inspec-
tor lowers the restaurant’s re-inspection 
priority (if possible).   
(4) : Consumers that have been sick 
for three time steps heal and then re-cir-
culate. If they belong to an at-risk group, 
it takes five time steps to heal.

: Since this model rep-
resents a stylized restaurant inspection sys-
tem, much of its design has been informed 
by the food safety literature. The following 
basic principles are incorporated into the 
design of the current model.  

: Producers, dis-
tributors, and suppliers that make up the 
global supply chain are not explicitly ob-
served in the model. Since consumers only 
directly interact with the supply chain at 
the retail level and the model focuses on 
restaurant inspections, only restaurants 
are included. Grover and Dausch (2000, 
as cited by Knight et al., 2009) estimate 
that a foodborne illness outbreak could 
cost food service outlets $100,000 and 
up to a 30% loss in sales due to decreased 
consumer trust. Even though a restaurant 



145

may not actually be at fault for contam-
inating a food product, in this model if 
they serve the product to customers they 
bear responsibility. 

: As noted, people who 
are elderly, very young, pregnant, or im-
munocompromised are more prone to 
foodborne illnesses and often suffer more 
severe consequences should they become 
ill (Gerba,  Rose, & Haas, 1996). In this 
model, 30% of consumer agents were 
designated as being at risk. This level was 
based on 2011 Canadian census data on 
the number of Canadians five and under, 
and over age 60 (Statistics Canada, 2013). 
The number of pregnant women in the 
model was extrapolated from the census 
using the number of children under the 
age of one. The number of individuals 
suffering from diseases that contribute to 
immune-compromised status were avail-
able prior to 2011 but not in a useful for-
mat. To avoid double-counting, this data 
was excluded, but the final level used in 
the model was rounded up to 30% from 
the prior estimates based on age and 
pregnancy (see Table 1).6 We recognize 
that this estimate is incomplete and that 
the total number of at-risk individuals in 
Canada is likely to be even higher.

Table 1. 

 In addition, exactly what level of 
contamination in a food product is un-
safe and will thus translate into illness is 
unclear (Rawson & Becker, 2004). There-
fore, any parameter for the probability of 
contracting an illness if a consumer goes 
to a contaminated restaurant is necessar-
ily difficult to justify. All else equal, the 
at-risk population is more likely to be-
come ill from exposure to a contaminated 
restaurant. In this context, the probabili-
ty of an at-risk consumer becoming sick 
from exposure is set at 0.3 whereas it is as-
sumed that the rest of the population has 
a probability of 0.15 of becoming ill given 
exposure. Additionally, at risk consumers 
remain sick for five time steps as opposed 
to three, to reflect the more severe conse-
quences of foodborne illness for high risk 
individuals.

: Restaurant food is 
an experience good in that its quality can-
not be ascertained prior to consumption 
(Henson et al., 2006). One survey that 
investigated consumers’ perception of 
restaurant food safety found that 56.4% 
of consumers stopped frequenting a 
restaurant based on food safety concerns 
(Henson et al., 2006, p. 285). In addition, 
research conducted by the Food Stan-
dards Association in the United Kingdom 
indicates that, if individuals had concerns 
about hygiene, up to 70% of respondents 
would not purchase again from a food 
service outlet (as cited by Choi, Nelson, & 
Almanza, 2011). In this model, this con-
cept of avoidance has been incorporated 
in a simplified way. Consumers that have 
become sick simply do not return to that 
restaurant. While a bit extreme, it does 
capture the notion of consumer memo-
ry in a simplified way. This assumption is 

Table 1 

At Risk Population 

Total Canadian Population 33,476,690 
Adults over 60 6,997,725 
Children 5 and under 2,241,840 
Pregnant women 367,930 
Total at risk 9,607,495 
Percentage of population 28.70% 

6 Author’s calculations based on The Canadian Population: Age and Sex from Census 2011 (Statistics Cana-
da, 2013). 
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made recognizing that in reality, consum-
ers may not be able to directly pinpoint 
the cause of foodborne disease, or may 
not realize that they have been affected by 
a mild foodborne illness. Further research 
to determine the exact factors that would 
cause consumers to return to a restaurant 
where they had hygiene concerns will be 
needed to help refine this assumption in 
the model.

: Consumers in the second or 
alternative scenario will only go to restau-
rants with a low re-inspection priority rat-
ing for 15 time steps after healing. This is 
consistent with hysteria and indifference 
swings (Beck, 1992) and the observed ten-
dency of consumers to gradually resume 
prior consumption patterns following an 
outbreak (Bocker & Hanf, 2000).

: One assump-
tion used in the model is that consumers 
and inspectors are unable to tell if a store 
is contaminated prior to arrival. This as-
sumption is driven by the notion of asym-
metric information (Akerlof, 1970). El-
ements of a restaurant that are relevant 
to safety, such as the cleanliness of food 
preparation areas, are generally hidden 
from consumers, providing a further el-
ement of asymmetric information (Filion 
& Powell, 2009). However, the simulation 
allows for this fundamental asymmetry 
to be gradually eliminated, depending on 
agent type and scenario. 
 The model’s key results and outputs 
include the number of sick consumers, 
the number of sick and at-risk consumers, 
the number of consumers that never get 
sick, the number of inspected and con-
taminated restaurants, and the number of 
restaurants for each re-inspection priority 
level. Most of the results seem to arise be-
cause of the rules and assumptions of the 
model. However, the reduction in vari-
ability seen in the second scenario is like-

ly an emergent result that requires further 
discussion. 
 Consumers adapt their behavior by 
updating the list of bad restaurants and 
avoiding these locations in the future, 
even if an inspector has inspected the 
restaurant. This captures the consumer 
objective of avoiding sickness. In the al-
ternative scenario, consumers further 
pursue this objective by only visiting low-
risk restaurants following illness, a behav-
ior motivated by risk aversion and im-
posed by the model’s rules. In the current 
model, neither restaurants nor inspectors 
demonstrate adaptive or learning behav-
ior. Given that some literature has shown 
that the introduction of grade score cards 
in Los Angeles County restaurants led to 
increases in inspection scores (Jin & Les-
lie, 2003), some form of adaptive restau-
rant behavior should be introduced in fu-
ture versions of this model. 
 Inspectors have different sensing 
abilities than consumers in the base-
line scenario. Inspectors are able to ob-
serve the re-inspection priority level of a 
restaurant and search for a restaurant to 
inspect based on this criterion. Consum-
ers are only able to use this information 
in the alternative scenario. Importantly, 
neither consumers nor inspectors can tell 
if a restaurant is contaminated prior to ar-
riving at it. Also, consumers cannot sense 
whether a restaurant has recently been in-
spected or whether consumers near them 
are sick. 
 Consumers and inspectors do not 
interact in the model. Consumers interact 
with restaurants by visiting them, but they 
do not interact with other consumers who 
may also be present at that location at that 
time step. Inspectors interact with restau-
rants by inspecting them and changing 
their re-inspection priority scores and 
contamination variable. 
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 Stochasticity has been incorporated 
into the simulation in a number of plac-
es. Consumers are randomly assigned 
a travel range between three and eight 
units. This is based on the assumption 
that consumers have differing access to 
restaurants depending on where they 
live and their transportation options. 
Consumers with a larger range can move 
around the environment faster and have 
more choices available to them each time 
step. As well, consumers that cannot find 
any suitable restaurants in their range 
adjust their heading randomly and wan-
der. Consumers are randomly assigned 
to either the at-risk or normal popula-
tion groups. Probabilities also determine 
whether a consumer will get sick at a 
contaminated restaurant, while a Ber-
noulli distribution is used to select which 
restaurants will be contaminated each 
time step. 
 BehaviorSpace, a built-in NetLogo 
extension for running simulation exper-
iments, is used to track model output at 
the end of each model run. The data was 
then analyzed in R (Version 2.12.1). This 
data includes:

• The number of sick consumers
• The number of sick, at-risk consum-

ers
• The number of contaminated restau-

rants that inspectors inspect
• The number of restaurants that are

contaminated
• The number of “naïve” consumers

(those that have never gotten sick
over the course of the model run)

• The number of restaurants at each
level of re-inspection priority

: Model realizations are ex-
ecuted with 2000 consumers (30% of 
which belong to the at-risk group) and 
100 restaurants.7 There is one inspector 
in the model. Each realization lasts 75 
time steps. The percentage of compliant 
restaurants is initially set at 60%, and 
is scaled up to 70%, 80%, and 90%. For 
each change in the simulation model 
(i.e., for each increase in the percentage 
of compliant restaurants) the simulation 
is run 100 times, so each experiment lasts 
for 400 realizations.

: Consumers have their travel 
range set between three and eight units, 
while their sickness variable, heal counter 
and risk aversion variables are all initially 
set to zero. Thirty percent of the consum-
ers are randomly assigned to the at-risk 
group. Initially, individual lists for des-
tination and bad restaurants are empty. 
Consumers are then scattered with equal 
probability throughout the environment. 

: All inspectors have a range of 
10 units. They are initially scattered with 
equal probability throughout the envi-
ronment. 

: Of the 1089 patches, 100 are ran-
domly selected to serve as restaurants, 
with their restaurant variable set to 1 
to indicate this. These patches are then 
added to a patch-set. Finally, restaurant 
patches are randomly assigned with a 
re-inspection level of 0, 1, or 2, 0 being 
low priority and 2 being highest priority. 

7 The actual density of restaurants to consumers in Canada is approximately 1 to 350 (Statistics Canada, 
2006). However, given the computational limits of NetLogo, this version of the model could not be scaled 
up to that level. Further work is ongoing with implementing a variation of this model in a software package 
called AnyLogic where the number of agents can be scaled up to more realistic levels.
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Model Results 

Both model scenarios (that is, where 
consumers do not have access to 
re-inspection priority scores, and 

where they do and display risk averse behav-
ior for 15 time steps following healing) were 
repeated 100 times at each setting of 60%, 
70%, 80%, and 90% compliant restaurants. 
The Kruskal-Wallis test was conducted to 
check the statistical significance of each in-
crease in the percentage of compliant restau-
rants within each scenario (see Table 2), 
and this was followed by post-hoc analysis 
using pair-wise Mann-Whitney-Wilcoxon 
tests, using the Holm correction to account 
for multiple comparisons. Unless otherwise 
stated, the pairwise analysis results are sta-
tistically significant (  < 0.05). For com-
parisons between scenarios, Mann-Whit-
ney-Wilcoxon tests were used to check for 
statistical significance of consumer risk 
aversion at each setting of 60%, 70%, 80%, 
and 90% compliant restaurants (see Table 4). 

In the first scenario, consumers do 
not have access to inspection scores and do 
not behave in a risk averse manner following 
an illness. Interestingly, the mean number of 
sick consumers is slightly lower than in the 
second scenario, where consumers can see 
inspection scores and behave in a risk averse 
way by only going to restaurants with a low 
re-inspection priority for 15 time steps fol-
lowing an illness. However, note that this 
difference between scenarios is only signifi-
cant (  < 0.05) when there are 70% and 90% 
compliant restaurants in the model (see Ta-
ble 4). Also, even though the mean number 
of sick consumers is slightly higher in the 
second scenario, the overall variation in the 
number of sick consumers is reduced sub-
stantially.

Figure 2 shows the results for the 
number of consumers in the at-risk group 
who experience sickness: in the first sce-

nario, the mean number of sick, at-risk 
consumers is slightly lower, but there is less 
variation in the second scenario.  Howev-
er, this difference between scenarios is only 
statistically significant when there are 90% 
compliant restaurants (  < 0.001).

Generally, the results from the first 
scenario are more skewed and often lep-
tokurtic (see Table 3), whereas the results 
from the second scenario were less skewed 
and closer to a mesokurtic, or normal, dis-
tribution. A leptokurtic distribution is more 
peaked than normal and has fat tails, mean-
ing that there are higher densities of values 
at the extremes. This phenomenon was most 
apparent in the numbers of naïve consumers 
(see Figure 3), that is, the number of con-
sumers that never became ill throughout the 
course of the model run.

Figure 4 shows the numbers of in-
spected restaurants in each scenario. The 
post-hoc analysis showed that, for the first 
scenario, that the differences between 60% 
and 70% compliant restaurants, between 
60% and 80% compliant restaurants, be-
tween 70% and 80% compliant restau-
rants, and between 80% and 90% compliant 
restaurants were not statistically significant 
(  > 0.05). For the second scenario, the post-
hoc analysis showed that the differences be-
tween 60% and 70% compliant restaurants, 
between 70% and 80% compliant restau-
rants, and between 80% and 90% compliant 
restaurants were not statistically significant 
(  > 0.05). When the two scenarios were 
compared (see Table 4), none of the differ-
ences were statistically significant (  > 0.05). 
As well, for this indicator, the variation was 
not greatly reduced in the second scenario. 
The number of inspected restaurants appears 
to decline as compliance increases; this is in 
part due to the model’s construction, since 
compliant restaurants are less likely to be-
come contaminated in the first place. 
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Table 2 

Kruskal-Wallis Test Results From Both Scenarios 

No consumer access to inspection scores 

0.6 Compliant 
Restaurants 

0.7 Compliant 
Restaurants 

0.8 Compliant 
Restaurants 

0.9 Compliant 
Restaurants 

Kruskal-Wallis  
(3 df) 

Mean SD Mean SD Mean SD Mean SD Chi-Sq p-value 

Sick Consumers 412.12 64.46 353.08 75.29 328.19 56.78 267.31 59.02 164.85 p<0.001 
Sick, At Risk 
Consumers 205.24 30.7 179.15 37.71 167.28 26.71 139.25 29.77 150.98 p<0.001 
Naïve Consumers 63.62 55.36 123.2 152.89 145.97 100.61 267.24 141.85 169.4 p<0.001 
Inspected Stores 9.58 2.09 9.64 2.02 9.34 2.27 8.72 2 9.81 p=0.02 
Contaminated Stores 45.46 4.78 38.64 4.06 34.43 3.86 28.43 4.14 283.98 p<0.001 
Low Risk Stores 47.87 7.17 50.35 9.34 52.8 8.45 55.35 7.22 43.76 p<0.001 
Moderate Risk Stores 51.62 7.18 49.3 9.35 46.94 8.45 44.35 7.21 41.4 p<0.001 
High Risk Stores 0.51 0.56 0.35 0.48 0.26 0.44 0.3 0.46 13.09 p=0.004 

Full consumer access to inspection scores 

0.6 Compliant 
Restaurants 

0.7 Compliant 
Restaurants 

0.8 Compliant 
Restaurants 

0.9 Compliant 
Restaurants 

Kruskal-Wallis  
(3 df) 

Mean SD Mean SD Mean SD Mean SD Chi-Sq p-value 

Sick Consumers 418.91 45.94 385.81 45.82 342.13 47.37 297.92 41.21 209.48 p<0.001 
Sick, At Risk 
consumers 206.44 24.11 192.64 24.24 175.2 26.12 154.66 21.44 166.73 p<0.001 
Naïve Consumers 51.4 20.73 84.36 28.85 138.4 47.5 212.56 78.22 287.54 p<0.001 
Inspected Stores 10.13 2.09 9.46 2.24 9.02 2.47 8.63 2.07 24.56 p<0.001 
Contaminated Stores 44.66 4.16 38.77 3.91 33.78 4.23 28.75 4.09 278.29 p<0.001 
Low Risk Stores 47.73 7.99 50.86 8.33 54.48 8.42 55.97 8.53 51.62 p<0.001 
Moderate Risk Stores 51.91 7.92 48.76 8.31 45.27 8.52 43.84 8.6 49.39 p<0.001 
High Risk Stores 0.36 0.52 0.38 0.51 0.25 0.46 0.19 0.39 10.6 p=0.014 

. Sick consumers, both scenarios

. Kruskal-Wallis Test Results From Both Scenarios
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. Sick, at risk consumers, both scenarios

Table 3 

Skewness and Kurtosis Results for Count of Naïve Consumers 
No consumer access to inspection scores 

Skewness Kurtosis Standard Error 
0.6 Compliant Restaurants 2.41 8.39 5.54 
0.7 Compliant Restaurants 5.89 43.38 15.29 
0.8 Compliant Restaurants 2.61 12.08 10.06 
0.9 Compliant Restaurants 0.72 -0.33 14.18 
Full consumer access to inspection scores 

Skewness Kurtosis Standard Error 
0.6 Compliant Restaurants 0.81 1.13 2.07 
0.7 Compliant Restaurants 0.8 0.39 2.89 
0.8 Compliant Restaurants 1.05 1.81 4.75 
0.9 Compliant Restaurants 0.91 0.74 7.82 

. Naïve consumers, both scenarios

. Skewness and Kurtosis Results for Count Naïve Consumers
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. Contaminated restaurants, both scenarios

Table 4 

Mann-Whitney-Wilcoxon Test Results for Both Scenarios 

0.6 Compliant 
Restaurants 

0.7 Compliant 
Restaurants 

0.8 Compliant 
Restaurants 

0.9 Compliant 
Restaurants 

W p-value W p-value W p-value W p-value 

Sick Consumers 4805 p=0.63 3764 p=0.003 4225 p=0.058 3456 p <0.001 
Sick, At Risk 
consumers 4989 p=0.98 4019.5 p=0.016 4279 p=0.078 3527.5 p <0.001 
Naïve Consumers 4915.5 p=0.84 5530.5 p=0.19 4757 p=0.55 6005.5 p=0.014 
Inspected Stores 4308.5 p=0.09 5192.5 p=0.63 5299.5 p=0.46 5293.5 p=0.47 
Contaminated Stores 5397 p=0.33 4864 p=0.74 5360 p=0.38 4826 p=0.67 
Low Risk Stores 5142.5 p=0.73 4916 p=0.84 4375.5 p=0.13 4719 p=0.49 
Moderate Risk Stores 4821 p=0.66 5103.5 p=0.80 5620.5 p=0.13 5246.5 p=0.55 
High Risk Stores 5703 p=0.045 4882.5 p=0.73 5087 p=0.78 5550 p=0.07 

. Mann-Whitney-Wilcoxon Test Results for Both Scenarios
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In both scenarios, the number of 
contaminated restaurants declines as the 
percentage of compliant restaurants in-
creases, in part because of the model’s rules: 
compliant restaurants are less likely to be-
come contaminated. This effect can be seen 
in Figure 5. The differences between sce-
narios were not statistically significant (  > 
0.05).

Table 4 sums up the comparisons 
between scenarios, divided by percentage 
of compliant restaurants.

Policy Implications and Conclu-
sions

This study represents the application 
of a method for policy analysis that 
can be useful for shedding light on 

risks that typify the risk society, includ-
ing foodborne illness. The results from 
the model indicate that, overall, having 
access to restaurant inspection scores re-
sults in a slightly higher mean number of 
sick consumers, but much less variation in 
the overall number of sick consumers, over 
100 realizations. This also holds true for 
the number of sick, at-risk consumers. For 
both scenarios, more compliant restaurants 
results in fewer sick consumers. As well, al-
though there tended to be more naïve con-
sumers when the consumers did not have 
access to inspection scores and therefore 
did not act in a risk averse way following 
an illness, these distributions were generally 
leptokurtic, which indicates a higher prob-
ability of outcomes from the extremes; the 
results from the second scenario, when con-
sumers did have access to inspection scores 
and behaved in a risk averse manner for 15 
time steps following an illness, tended to be 
much closer to a normal distribution, with 
more predictable outcomes. Again, in both 
scenarios, a higher percentage of compliant 
restaurants leads to more naïve consumers. 

The basic findings have implica-
tions for policy systems. First, although the 
mean number of sick consumers was slight-
ly lower when consumers did not have ac-
cess to re-inspection scores, the high degree 
of variability in outcomes could present a 
challenge for inspectors; it may be prefera-
ble to have a slightly higher average number 
of illnesses, but more predictable outcomes, 
rather than large swings which could con-
tribute to public panic and negative risk 
perceptions. Given that many statistical 
procedures rely on assumptions of normal-
ity, outcomes that conform more closely 
to a normal distribution could contribute 
to better understanding of what is going 
on within the system and better predictive 
capacity from a policy perspective, which 
would be an advantage despite the slightly 
higher average number of illness. 

Second, having a higher number of 
restaurants comply with regulations results 
in fewer sick consumers; empirical evi-
dence shows that disclosing inspection re-
sults leads to increases in inspection scores 
(Jin & Leslie, 2003). Although a mechanism 
for restaurants choosing to comply with 
regulations was not explicitly considered 
in the model, there is evidence to suggest 
that disclosing scores would increase com-
pliance, while improving transparency in 
the inspection system which would provide 
consumers with more information to make 
choices.  

Restaurants Canada, an industry 
lobby group, has indicated that they do not 
support the use of grades or scores to inform 
consumers about the hygiene of restau-
rants, indicating that “complex inspection 
findings based on subjective interpretations 
by individual inspectors cannot accurately 
or fairly be reduced to a single grade” (Grif-
fith-Greene, 2014, para. 33). The response 
from industry indicates that government 
intervention would be necessary to en-
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courage transparency within the system. A 
further complicating factor is that restau-
rant inspections are the responsibility of 
regional health authorities or provincial 
authorities, depending on the province 
(Government of Canada, 2014); thus, there 
is inconsistent information available across 
the country depending on what each juris-
diction has opted to make public and how. 

Although the evidence from the 
ABM supporting transparency in inspec-
tion systems is more nuanced, no single in-
tervention will solve the complex problem 
of foodborne illness, but this is a tool that 
could help consumers make better choices, 
and result in more predictable outcomes 
for inspectors. Given that empirical evi-
dence also suggests that improving trans-
parency results in greater compliance, gov-
ernments should advocate for transparency 
in inspection systems to help consumers 
cope with the manufactured risks associat-
ed with foodborne illness.

The incremental nature of model 
building allows for additional exploration 
of inspection methods or information de-
livery methods in the future, one of the ad-
vantages of ABM. Some possible extensions 
for this model include: communication be-
tween consumer agents, such as a rumour 
mill indicating restaurants to avoid, which 
could be more important in the scenar-
io where consumers do not have access to 
re-inspection priority levels; a mechanism 
that allows restaurants to choose whether 
or not to comply with regulations, which 
may depend on whether they are receiving 
fewer visits from consumers; or mecha-
nisms that allow for the restaurant’s level of 
compliance to vary over time; for example, 
this could mimic the effect of hygiene mea-
sures sliding somewhat when the restau-
rant is extremely busy. 

As well, this model needs further 
analysis and verification. At this point 

many assumptions are embedded in this 
stylized model, including those about the 
probability of illness in at-risk and typi-
cal consumer populations, the connection 
between re-inspection scores, compliance 
and contamination probability, and con-
sumer behavior. The assumption that risk 
averse behavior is homogeneous through-
out the population, in particular, requires 
further investigation. To gain insight into 
this aspect of consumer behavior, experi-
ments could be conducted with consumers 
to determine which method of inspection 
information delivery is preferred and works 
most effectively. This avenue for research in 
the area has been mentioned before in the 
literature (Filion & Powell, 2009). Results 
from such experiments could then inform 
future versions of an ABM through param-
eter setting and proper scaling of the anal-
ysis.
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Book Review - Dynamics Among Nations: The evolution 
of legitimacy and development in modern statesA

avid Hales, Ph.D B 
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Introduction

After the fall of the Berlin Wall, in 
1989, prominent Western Liberal 
intellectuals declared the “end of his-

tory.” The West had won. Liberal democracy, 
driven by open markets and global capital, 
was inevitable and the historic destiny of all 
nations. The only question was how long it 
would take them to get there. Hence inter-
national development became a process, for 
the West, of helping all nations along the 
road towards the final utopia, a utopia the 
Western powers had already attained.

This narrative was expressed with-
in the wider conception of “Modernisation 
Theory.” A set of ideas and practices that had 
great influence on Western international de-
velopment programmes in the final decade 
of the 20th Century and early 21st Century. 
The basic plan was this: take the institutions, 
practices, market systems and governance 
structures from the developed West and 
transplant them into the post-communist 
states and developing nations to help them 

along the way.
This presupposed a linear notion of 

economic and political change at the level of 
the nation state. It also depended on the idea 
that social and political change would follow 
economic determinants such that the elites 
of diverse nation states would be forced to 
make economic reforms that would inev-
itably lead to demands for further political 
reforms such as democracy, rule of law, and 
convergence to Western liberal values. This 
mechanistic, linear and downright histori-
cist view of the world had influence within 
Western international development circles 
directly affecting policy, programmes and 
actions. One can easily see the appeal from a 
Western liberal perspective. But there was a 
problem. History did not end.

Economic reforms did not lead au-
tomatically to liberal political reforms. Insti-
tutions from one nation and culture could 
not be transplanted simply to another. Mod-
ernisation Theory failed spectacularly in 
many regions. Why? What was wrong with 
Modernisation Theory? More importantly 

A A book by Hilton L. Root. The MIT Press. 2013, Hardcover, 332 pages.
B Senior Research Fellow, Department of Computational Optimization, University of Szeged, Hungary
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what theoretical basis can be put in its place 
in order to understand the highly complex, 
uncertain and volatile globalised world we 
find ourselves sharing today?

Applying a Complexity Approach

In , Hilton Root 
addresses these challenges from a Com-
plex Systems perspective. Drawing on 

a wide range of case studies and his insid-
er knowledge (as well as being an academic 
he spent time in many areas of international 
development). Root demonstrates how the 
simplistic basis of, yet exuberant belief in, 
modernisation theory at best wasted valu-
able opportunities for improving peoples’ 
lives and at worst led to the opposite of what 
was intended.

Root shows how a complexity per-
spective can provide a much more nuanced, 
culturally and historically sensitive analysis 
of past, present, and future in the global so-
cio-economic and political context. It is rare 
to find an author with a deep understand-
ing of complexity approaches  a domain 
of such broad and timely historical and so-
cio-political scope. Hence the book does 
not fall into the trap, often seen, of applying 
superficial complexity analogies to serious 
social and political problems or conversely 
characterising complex social and political 
issues superficially in order to apply facile 
mathematical or algorithmic formalisms.

Root makes it clear that he does not 
believe that complexity theory can be used 
as a crystal ball to produce predictions with 
algorithmic or mathematical precision but 
rather as a way to describe meaningfully 
the complex and messy world we live in; to 
understand the past from a fresh angle; to 
interpret the present and to produce plausi-
ble scenarios and policies for the future. For 
example, he clearly describes the concept of 
co-evolution and fitness landscapes in order 

to show how assumptions such as optimi-
sation or mimicry, at an institutional level, 
are of little value without understanding the 
wider context of history and shifting inter-
relationships. I contend this was effective-
ly encapsulated in what he characterises as 
“the transplanter’s dilemma”:

...no part of a complex social system 
can be isolated from the whole with 
the expectation that its function will 
remain the same. Transplanting an in-
stitution from a developed society to a 
developing society will not enable the 
latter to progress along the same path. 
For a transplanted institution to rep-
licate identical behaviour, the entire 
developmental process must be rep-
licated, beginning from its primitive 
condition. (p. 39)

In the context of Modernisation 
Theory, and associated thinking such as Lib-
eral Internationalism and New Institution-
al Economics, Root argues that it became 
a form of normative doctrine, ultimately 
being considered “The Enlightenment writ 
large.” Yet some of its consequences, such as 
global markets, actually facilitated autocra-
cy rather than freedom.

He identifies the danger of an ide-
ology that assumes away the importance of 
the state based on notions of self-correct-
ing processes of competing interest groups 
because particular groups may capture the 
state. One way to understand such processes 
is through the dynamic coupling of fitness 
landscapes through co-evolution:

Landscape models offer perspectives 
that can help clarify a key lesson about 
complex systems: success depends less 
on the attributes of an individual agent 
than on where that agents happens to 
be situated in the system. (p. 72)
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Thus producing a diagnosis for cur-
rent predicaments:

Liberalism and communism, both 
products of the European Enlighten-
ment, did not anticipate that increased 
global interdependency would cause a 
human complexity revolution. Com-
munism failed to anticipate that indi-
viduals have properties and needs that 
are often greater than those of the col-
lective. But liberalism, as the primary 
ideology of modernization, does not 
capture or adequately represent the 
co-evolutionary drama that will shape 
the future of developed and develop-
ing nations alike. (p. 73)

Complexity Based Historical Anal-
ysis

The meat of the book involves under-
standing specific historical trends 
and relationships that got us to 

where we are today by applying complex-
ity concepts such as co-evolution, fitness 
landscapes, lock-in, and networks etc. The 
specific examples range over several regions 
and states including the US, Europe, In-
dia, Pakistan, Sri Lanka, and China, among 
many others.

The method followed involves schol-
arly historical and regional comparative 
analysis. Where historical claims are made 
relevant sources are cited and the complexi-
ty concepts used are introduced without as-
suming prior knowledge. No mathematical 
or computational abstractions are present-
ed in the book. Extensive citations to the 
leading relevant complexity work are given. 
In addition a useful glossary of terms is pro-
vided at the end of the book.

In this review I only cover a few of 
the extensive number of topics addressed in 
the book, however, I will provide an overall 

flavour of the analysis by presenting a few 
poignant examples.

India, China and Europe

For example, India applied a top-down 
approach to economic development 
for several decades, with associated 

five-year plans. Yet this approach did not 
perform well, which lead to unintended con-
sequences and poor levels of development. 
China, under Deng, followed a multi-lev-
el approach with both top-down and bot-
tom-up aspects that allowed for local exper-
imentation and stability. What worked was 
scaled-up and emulated. Those responsible 
for new initiatives “on the ground” could 
gain some personal reward through being 
allowed to keep some of the surplus value 
created. It is perhaps not widely enough 
know that many of the reforms that have 
propelled modern China to the top table of 
the powers started at the bottom not as a 
central plan. Hence, there is a semi-distrib-
uted system with individual incentives, but 
not a full-blown market, and the retention 
of a degree of central control.

The book also focuses on China in 
several contexts. The China sections could 
be considered the major existence proof that 
undermines Modernisation Theory. That is 
a state excelling in global trade, markets, 
and rapid development  Liberal de-
mocracy – and hence a major challenge to 
Western hegemony.

Taking a longer look back in histo-
ry, Root applies network theory to under-
stand how the Industrial Revolution first 
happened in Europe as opposed to China. 
Despite China being relatively unified and 
also the source of major technological inno-
vations (such as gunpowder), the West sur-
passed it in productivity, growth and global 
expansion. This produced the great East /
West divide.
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China had a unified power struc-
ture that continued over several dynasties 
producing many benefits. This social archi-
tecture can be viewed as a hub-and-spoke 
network. All power leads back to the centre. 
Conversely, Europe was a set of compet-
ing hubs, based around feudal families and 
emergent states. No single hub could dom-
inate despite constant competition for as-
cendancy. Yet the hubs were linked via the 
small-world networks produced through 
aristocratic intermarriage. So although elites 
(hubs) competed they also had short paths 
of communication and influence between 
them. This composite social architecture 
created a form of scale-free network.

Complex network theory has estab-
lished several results concerning the com-
parative properties of these kinds of net-
works. Scale-free networks are resilient to 
shocks and can easily adapt. Old hubs can be 
removed and new hubs can be added with-
out disturbing system level performance.

Consequently scale-free networks 
provide a resilient basis for dynamic recon-
figuration through innovation and diffusion. 
If one considers the replicator dynamics 
(evolution) on such networks then it is clear 
that a centralised hub-spoke system requires 
that the centre must control mutations in 
order to avoid losing power. However, in 
the decentralised scale-free networks, since 
there is no central power, a perpetual process 
of competition can occur, in a decentralised 
way, driving innovation and diffusion and 
making way for new hubs as old hubs fail to 
adapt. Again, complexity research applied to 
evolution on complex dynamic networks has 
provided many powerful examples of this. 

In summary, Europe, historically, 
though less cohesive and stable than China, 
benefitted from much higher rates of innova-

tion and diffusion. Root argues that the link-
ages and competition between the European 
states – facilitated by aristocratic and trade 
ties – supported a form of decentralised se-
lection of ideas, practices and technologies. 
This drove high rates of innovation and dif-
fusion while retaining resilience, at the sys-
tem level, to the shocks that new technolo-
gies and practices generate. Nations fell but 
Europe as a whole advanced. This was a ma-
jor force in promoting European ascendancy 
over the period of the Qing dynasty.

This is contrasted with a China that 
managed to establish a comparatively uni-
fied and centralised governance structure 
thus reducing internal competition, increas-
ing efficiency in many areas, yet leading to 
a certain degree of stasis over long periods 
of its history. The Qing dynasty lasted from 
1644-1912, collapsing in chaos and blood-
shed. 

Democracy and the Modern Nation 
State

In the early 1990’s, the idea that Western 
style liberal democracy was some end-
point for all modern states was  

defensible. This was encapsulated in mod-
ernisation theory and the famous “end of 
history” concept1. But two decades on things 
look different. Why?

Root makes the case that we current-
ly see many forms of democracies and these 
can only be understood by understanding 
the histories of the states that gestated them. 
This involves understanding the path-de-
pendent nature of these histories and iden-
tifying the initial conditions and bifurcation 
points that shaped them. However there is 
no easy way to do this. Democracy is a com-
plex system. Consequently there can be no 

1 Francis Fukuyama (1992). The End of History and the Last Man. Penguin.
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universal template for democracy. Root gives 
numerous examples from the post-commu-
nist states to Turkey and Latin America to 
make this point. 

However, this does not mean that 
states have nothing in common. Modern 
states have similar functional requirements 
in the solution of collective action problems. 
They need to extend cooperation beyond 
close kin or direct reciprocity. Hence different 
paths can converge. This is similar to parallel 
evolution in biology where entirely different 
species can appear physically very similar due 
to the functional constraints of their environ-
ment. This is very different from Modernisa-
tion Theory that supposes all follow the same 
evolutionary path like a wagon train.

Again Root compares the trajec-
tories of Europe, considering France, En-
gland, and Germany, with that of China. 
Europe after centuries of competition and 
bloody conflict converged on a governance 
structure that incorporated various aspects 
from each other. China followed an entire-
ly different path. Yet each needed to solve 
similar functional problems. Each needed 
a functional bureaucracy for example. Yet 
how these functional requirements for state 
building were established was very different:

Long before France, England, and Ger-
many, China acquired state capacity by 
providing the social mechanisms and 
symbolic references needed to extend 
the altruistic basis of human sentiment 
to non-kin members. The properties 
of trust, cooperation, and social coor-
dination were ethically and politically 
defined. Key long-term investments to 
ensure the collective good were rou-
tine. (p. 194)

China has converged on “bureau-

cratic inclusiveness” rather than liberal de-
mocracy. In a nutshell this involves co-opt-
ing rising elites into the system via allocating 
privileges2.

Root concludes that:

Many of China’s main institutional fea-
tures were derived in relative isolation 
from the West, and even though the 
two may cope with similar domestic 
and economic challenges, such as de-
pendence on the larger global econo-
my, China will not replicate the gov-
ernance trajectory of the West. It may 
display analogous traits arising from 
the need for adaptation to similar glob-
al contingencies but will remain on a 
fundamentally different trajectory that 
continues to diverge from that of the 
liberal West. (p. 194)

This has obvious policy implications 
and Root makes clear that Western policy 
makers need to look beyond the fantasy that 
liberal democracy will somehow emerge to 
address the problems that China will face in 
the near future: that it is increasingly inte-
grated into the global economy and thus it 
can not achieve its goals without coevolving 
with others. Centralised control is not an 
option in a globalised networked world.

Root identifies a number of policy 
related issues that China will need to ad-
dress in this regard.

The Future – East or West?

In the final two chapters of the book a big 
issue is addressed: Will East and West 
form a new international order or will 

there be increasing tension through compe-
tition to expand influence and power?

2 A similar process, it might be argued, is where large corporations such as Google and Facebook simply buy 
promising start-ups rather than compete with them.
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Root takes the case of the rela-
tionship between Sri Lanka, the West and 
China as an illustrative example. China 
has made large investments in Sri Lanka 
over the last five years usurping, to some 
extent, Western influence. China does not 
attempt to impose values or a template of 
development but rather ensures economic 
cooperation through public/private finan-
cial relationships that bypass democratic or 
international scrutiny. Long-term econom-
ic relationships have matured into shared 
values. Yet democracy can suffer because 
those relationships are cemented with in-
cumbent elites outside of democratic trans-
parency. This leaves the West looking hyp-
ocritical and powerless. Sri Lanka does not 
need Western loans so can ignore western 
finger pointing on human rights and cor-
ruption issues, for example. China does 
not give lectures on democracy or human 
rights.

Root identifies a similar pattern in 
China’s relationship with many other pe-
ripheral nations. He argues that this could 
be the basis for a new Eastern world order 
in opposition to the Western version. But 
then what should the West do if it wishes 
to preserve its values and power in interna-
tional affairs?

What the West should want is not 
to force change within China, but to 
work with China to mitigate risks that 
global outliers pose to system stabil-
ity. Walking away from Libya emp-
ty-handed after its embrace of Gaddafi 
should serve as a warning of the dan-
ger of being too close to regimes that 
abuse their own people and of invest-
ing in leaders, rather than the well-be-
ing of the population. (p. 214)

Root sees the future as an evolv-
ing ecology of players interacting through 

highly interconnected dynamic networks 
of trade, power and information in which 
policy preferences, norms and beliefs will 
no longer emanate from Western models. 
Rather a co-evolutionary process will cre-
ate novel institutional structures arising 
from fusions between traditional beliefs 
and myopically discovered strategies that 
address current challenges. Traditional in-
fluence and trade networks will fragment. 
New sources of soft power will emerge. Can 
this be a basis for a new international order 
bringing peace and prosperity? And will 
the nation state itself survive?

Root argues that although many 
have predicted the end of the nation state, 
the 2008 financial crisis reinforced its role. 
While undermining the power and hege-
mony of the Western nations it paradoxical-
ly increased the belief in the role of the state 
within emerging players using different 
models. He also argues that material aspi-
rations, consumerism and identity politics 
alone will not be sufficient to either con-
verge or diverge the ecology. Though each 
will play its part in the mix. Economically, 
this implies a challenge for all countries as-
piring to rise high on the value chain:

The domestic policy challenge will 
be to construct public goods that en-
able networks of adaptive individuals, 
firms, and nations to interact on the 
basis of self-organizing complexity. (p. 
233)

Yet policy lags behind, particularly 
within international relations:

Why do conventional theories of in-
ternational relations rely on the no-
tion that solving social dilemmas of 
collective action requires a captain at 
the helm? (p. 234)
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Root does not give policy answers 
but rather challenges. He concludes that the 
evolutionary complexity theory outlined in 
the book will enable global thinkers to:

rewrite the narrative of globalization 
and map the path to future sources of 
global prosperity. It provides the wid-
est base for the creation of common 
knowledge about global change pro-
cesses. Complexity is the analytical 
foundation that can integrate diverse 
cultures into a shared conception of 
the global future. It is the appropriate 
analytical vehicle to convey common 
knowledge about the human experi-
ence in beliefs, and technologies of 
agents of diverse origins. It reveals how 
globalization weaves together econo-
mies, cultures and polities of all levels 
of development in shared networks of 
competition and symbiosis. And it of-
fers a framework that validates both 
Western and non-Western experienc-
es. It can lead developing and devel-
oped countries to find common cause 
in shaping and accelerating global de-
velopment. (p. ) 

One can but hope.

Speculation on Current Events

It is important to consider the application 
of Root’s framework to current events. 
For example, could the obvious mis-

management of the events in Ukraine by the 
West, in the form of the EU and US respons-
es to both the uprising and subsequent an-
nexation of Crimea by Russia, be laid at the 
door of modernisation theory? During the 
Kiev uprising both the EU and US seemed to 
offer support, perhaps assuming what they 
were seeing was a call for Western Liberal 
democracy (all those EU flags). The EU’s 

Baroness Ashton and the US’s John McCain 
were dispatched to hand out cakes and make 
speeches respectively. Yet subsequent devel-
opments show starkly that historical and 
geo-political aspects were far more complex 
than this. The EU and US interventions only 
served to raise tensions (even between the 
EU and US). And the outcome has strength-
ened Russia.

As I sit here in Szeged, Hungary, a 
general election is happening with all bets 
on the Fidesz party, led by Viktor Orban, to 
retain power with ease. Yet despite Hungari-
an membership of the EU, Orban campaigns 
in a distinctly oppositional way claiming he 
will not allow outside forces to impose left-
ist and liberal conceptions of democracy 
on a proud and unique Hungarian culture. 
Populism aside, he’s surely onto something: 
Hungary’s unique historical path cannot be 
ignored by supranational bodies that wish to 
impose a modernising template developed 
elsewhere.

In a similar vein, who anticipat-
ed the rise of the UK Independence party 
in the UK, a party with the explicit goal of 
facilitating an immediate UK exit from the 
EU? Nigel Farage, the leader of UKIP, con-
stantly refers to Britain’s unique and historic 
ties with commonwealth countries thus al-
lowing for bilateral trade agreements to be 
beneficially arranged. That Britain “invent-
ed” Parliamentary democracy and does not 
need the advice of “unelected bureaucrats” 
to improve it. Again, populism aside, is he 
onto something?

These may not seem like critical in-
sights, because they are not, but after read-
ing Root’s book I realised that I had previ-
ously internalised some of the ideas from 
Modernisation Theory without even know-
ing it because I would not have thought in 
these ways before. In fact I was unreservedly 
pro-EU believing any opposition was to turn 
one’s back on the modern world and become 
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aligned with anti-democratic forces. Now I 
wonder if the EU should reconsider its ex-
pansion strategies in the light of complexity. 

Caveats

Despite the highly original and in-
teresting application of complexity 
approaches to the subject matter 

several caveats and questions are important 
to discuss.

Does a complexity perspective ac-
tually  plausible policy options? Put 
another way, the degrees of freedom com-
plexity approaches allow could mean that 
almost any hypothesis or interpretation may 
appear plausible. This could be a problem in 
the policy domain where, it would appear, 
at least some level of expert convergence 
and coherence is need to support significant 
policy actions at executive level. Put blunt-
ly, if any analyst can claim that complexity 
supports their pet theory then what use is 
the framework?

There is nothing in the book that 
could not be formulated and articulated 

 complexity concepts. Though I ar-
gue it would take many more words and be 
less generally accessible. This could mis-
takenly lead a reader, with no knowledge 
of complexity work, to think that the book 

 fall into the trap of superficial analo-
gies.

Although the book is highly critical 
of existing Western policy approaches to-
wards international development, the basic 
goal is not significantly questioned. Liberal 
internationalist values are generally seen as 
a good thing and taken on face value. This 
is an ideological position that I concur with. 
However, it can be argued that a complexity 

approach can just as easily (perhaps  
easily) be used to support other positions 
such as Romantic, Organicist, or other 
thought3. In this sense, given the challenges 
Root identifies, it would have been interest-
ing to see a more radical ideological re-ori-
entation being presented as an option. Also 
perhaps more questioning of the reality 
behind Western liberal values as they have 
pertained to international relations would 
have been instructive. Without this, the 
reader may get the impression that Root is 
attempting to shore-up a rapidly declining 
stock. i.e. the idea that Liberal internation-
alism is what it claims to be.

In this view, it could be argued that 
the fundamental contribution of complex-
ity approaches, at present, is as a tool of 
critique and inter-disciplinary communica-
tion rather than as a positive basis for new 
policy. This is not necessarily a negative but 
could be seen as a feature – as Root indi-
cates in his conclusion. After all, since we 
do increasingly live in a world of divergent 
ideological and specialist camps, perhaps 
finding a basis for communication and cri-
tique, which cuts across these fissures, is no 
small achievement. From a Popperian point 
of view, refutation is the main mode of ra-
tional advance and as Root demonstrates 
the complexity approach can be used as a 
tool to bring down exuberant wrong-head-
ed models and polices,  to steer us clear 
of the duel quagmires of Scientism and His-
toricism4.

The book covers a broad range of 
material based on detailed historical anal-
ysis covering varied regions and times. 
At times one gets the impression that too 
much was squeezed into a relatively slim 
volume (300 or so pages). Obviously Root 

3 Richard Bronk (2009). The Romantic Economist: Imagination in Economics. Cambridge University Press.
4 Karl Popper (1945). The Open Society and its Enemies. Vols. 1 & 2, Routledge, London.
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wants to demonstrate his framework with 
diverse examples but perhaps more of the 
detail could have been footnoted, or less ex-
amples could have been used, giving more 
space to focus on the framework per se. 

Conclusion

This book would be of considerable 
value to those interested in how com-
plexity-based policy and historical 

analysis might work - from historical roots 
to future possible trajectories and scenarios. 
It is written in clear language and should be 
understandable to the general reader, with 
an interest in contemporary global political 
economy, with or without a background in 
complexity.

As a computer scientist  a back-
ground in complexity and agent-based 
modelling, I started the book with a degree 
of trepidation. Yet, interestingly, I could ap-
preciate the historical analysis and overall 
framework because Root was using a vocab-
ulary I understood.  Consequently, I view 
this as a true crossover book demonstrating 
how a complexity perspective can provide 
language and concepts allowing currently 
distinct disciplines to communicate mean-
ingfully. This is a accomplishment. 

Throughout the book numerous 
ideas jumped out as potential hypotheses 
for agent-based modelling work. The agent-
based modelling community has tended to 
focus on micro-interactions, at the level of 
individuals, leaving the bigger global politi-
cal context less well addressed. Those com-
ing from the algorithmic and mathematical 
side of complexity should not avoid this 
book if they are at all interested in world af-
fairs. It should be viewed as source material 
to engage with and perhaps as a set of chal-
lenges to address. There is a role for models 
that could capture some of the implications 
of Root’s ideas beyond the existing litera-

ture. In this context modellers should not 
be in the “prediction business” but the “im-
plications of assumptions and policy op-
tions” business.

Overall, what comes through in the 
book is thoughtful breadth and humility 
that comes from deep knowledge and expe-
rience of a subject area that has been some-
thing lacking in many complexity circles. 


