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Editor’s Letter

T

his issue of the Journal on Policy and Complex Systems (JPCS) is devoted
to the study of business/economy and international relations as complex
adaptive systems.

The paper by Neto and Garcia, “Long Memory Properties and Complex
Systems: An Interesting Connection,” addresses an interesting issue of relationship
between long memory and complex systems in the context of business conditions
that commonly occur in a wide set of time series found in economic/financial
problems. They show that “heterogeneity among agents, local interactions, and
spatial complexity plays a major role in the rise of long memory features.”
Alex Coad in the “Heed the Weakest Link: A Model of Interdependent Institutions” paper presents “a simple multiplicative model of economic development,
according to which the level of economic development is expressed in terms of
the level of development of a large number of interdependent institutions, where
the weakest link in the chain of multiplicative terms determines the overall performance.” This finding is then used for suggesting concrete ways for economic
system improvement.

“A Complexity Case Study: The implementation of an Interministerial
Policy—A View from Within Government” by Pernelle Smits, Marie–Christine
Therrien, Nassera Touati, and Jean-Louis Denis illustrates mobilizing complexity
metatheory to analyze the Health in All Policies in Quebec HiAP. The case study
shows how a complementary understanding of HiAP, from within the administrative process, can support proposed measures on early processes rather than later
results. The case study identifies the dynamics within public administrations that
support and limit the establishment of a specific agenda into sectors, as well as
unlocking strategies to move beyond established agenda dynamics.
“How Stable Is Democracy? Suggestions from Artificial Social Networks,” is
a paper by Grim, Liu, Bathina, Liu, and Gordon in which they analyze the degree
to which the structure of communication networks is “democratic.” They find that
networks are less democratic if “(a) communication is more limited in terms of
characteristic degree and (b) is more tightly channeled to a few specific nodes.”
Together, these measures provide a two-dimensional framework for evaluating
democratic networks.
Cesaer Scartozzi in “A New Taxonomy for International Relations: Rethinking the International System as a Complex Adaptive System,” introduces the
concept of the international system as “a complex adaptive system with emergent
properties and dynamics of self-organization and information processing.” The
goal of this project is to “formalize a complex systems theory approach to the study
of international affairs and introduce a new taxonomy for international relations,
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with the two-pronged aim of improving interoperability between different epistemological communities and outlining a formal grammar that sets the basis for
modeling international politics as a complex adaptive system.”
Cynthia Kurtz in “Are We Ready for Complexity?” describes a series of
“explorations into scientific concepts related to complexity and chaos and how
they have been translated into the world of business and organizations.” In each of
three case example, a story of uncertainty was rewritten into a story of certainty.
In them, the author ponders “what they tell us about our readiness to benefit from
the not-always-comforting insights of complexity theory.”
“Keynes, Hayek, and the Roots of Complexity Theory in Economics” by
Hilton L. Root revisits the great debate between John Maynard Keynes and Friedrich Hayek in the context of how they viewed the economic system. Both Keynes
and Hayek believed that “the economy is a ‘living,’ changing system of interacting
parts, but Keynes held that one could apply mechanics to direct and guide the system and Hayek believed in letting the same system self-organize.” This discussion
is offered as a prism for analyzing the modern economic system.
Steve Wallis and Liz Johnson in “Using Integrative Propositional Analysis
(IPA) to Understand and Integrate Four Theories of Social Power Systems” present
a foundational piece on feedback mechanisms that allow for the development of
complexity within a social network, in relation to social power systems. Through
IPA, researchers can measure social power changes within a hierarchy. The article
serves as a catalyst for further debate on the means to accumulate social power.
These papers offer an invaluable background for evaluating and addressing
the ever-increasing economic, social, and political challenges of the world today.
Mirsad Hadžikadić
Editor, JPCS

E

sta edición de Journal on Policy and Complex Systems (JPCS) está enfocada en el estudio de los negocios/economía y las relaciones internacionales
como sistemas adaptativos y complejos.

El documento de Neto y Garcia, “Sistemas complejos de propiedad de larga
memoria: una conexión interesante,” aborda el interesante tema de la relación entre los sistemas de memoria y los sistemas complejos en el contexto de las condiciones de negocios que comúnmente ocurren en un amplio grupo de series de
tiempo que se encuentran dentro de los problemas económicos/financieros. Demuestran que “la heterogeneidad de los agentes, interacciones locales y complejidad
4
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espacial juega un papel importante en el alza de características de larga memoria.”
Alex Coad en “Hágale caso al eslabón más débil: un modelo de instituciones
interdependientes,” presenta “un modelo de desarrollo económico multiplicativo
simple, de acuerdo con qué nivel de desarrollo económico se expresa en términos del nivel de desarrollo de un gran número de instituciones interdependientes,
donde el eslabón más débil de la cadena de términos multiplicativos determina el
desempeño general. Este hallazgo se usa a menudo para sugerir maneras concretas
para mejorar los sistemas económicos.
“¿Qué tan estable es la democracia? Sugerencias de redes sociales artificiales,” es un documento de Grim, Liu, Bathina, Liu y Gordon en el que se analiza
el grado al que las estructuras de las redes de comunicación son “democráticas.”
Encuentran que las redes son menos democráticas si “(a) la comunicación es más
limitada en términos del grado característico y (b) está más estrechamente canalizado a algunos nodos específicos.” En conjunto, estas medidas proporcionan un
marco bidimensional para evaluar las redes democráticas.
Caeser Scartozzi en “Una nueva taxonomía de las relaciones internacionales: Repensar el Sistema internacional como un sistema adaptativo complejo,” presenta el concepto del sistema internacional como “un sistema adaptativo complejo
con propiedades emergentes y dinámicas de autoorganización y procesamiento de
información. El objetivo de este proyecto es formalizar una aproximación en forma de teoría de sistemas complejos para el estudio de los asuntos internacionales y
presentar una nueva taxonomía para las relaciones internacionales, con el objetivo
bipartito de mejorar la interoperabilidad entre las diferentes comunidades epistemológicas y esquematizar una gramática formal que fije las bases para los modelos
de política internacional como un sistema adaptativo complejo.”
Cynthia Kurtz en “¿Estamos listos para la complejidad?” describe una serie de “exploraciones dentro de los conceptos científicos relacionados a la complejidad y al caos y cómo han sido traducidos al mundo de los negocios y las
organizaciones.” En cada uno de estos tres casos, una historia de incertidumbre
se convierte en una historia de certeza. En ellos el autor se pregunta: “¿Qué es lo
que nos dicen acerca de nuestra preparación para beneficiarnos de la no siempre
reconfortante información de la teoría de la complejidad?”
“Keynes, Hayek y las raíces de la teoría de la complejidad dentro de la
economía” de Hilton L. Root revisita el gran debate entre John Maynard Keynes
y Friedrich Hayek en el contexto de cómo veían el sistema económico. Tanto
Keynes como Hayek creían que “la economía es un sistema ‘viviente,’ y cambiante
de partes que interactúan entre sí, pero Keynes mantenía que es posible aplicar la
mecánica para dirigir y guiar el sistema y Hayek creía en dejar que el sistema se
autoorganice.” Esta discusión se ofrece como un prisma para analizar el sistema
económico moderno.
5
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Steve Wallis y Liz Johnson, en “Utilizando un an.lisis propositivo integrativo (IPA)
para comprender e integrar cuatro teor.as de sistemas de poder social,” presentan
una pieza fundamental de los mecanismos de retroalimentaci.n que permiten el
desarrollo de la complejidad dentro de una red social, en relaci.n con los sistemas
de poder social. A trav.s del IPA, los investigadores pueden medir los cambios de
poder social dentro de una jerarqu.a. El art.culo sirve de catalizador para el debate
acerca de las formas en que se acumula el poder social.
Estos documentos ofrecen información invaluable para evaluar y abordar
los crecientes desafíos económicos, sociales y políticos del mundo actual.

本期《政策与复杂系统期刊》（ Journal on Policy and Complex Systems，JPCS）致力研究作为复杂适应系统的商业/经济和国际关系。
作者内托（Neto） 和加西亚（ Garcia）共同撰写的文章《长记忆性和复杂
系统：一种有趣的连接》将商业条件背景下长记忆和复杂系统之间的关系
作为一个有趣的议题进行研究，这些复杂系统一般出现在经济/金融问题
所涉及的一系列时间序列中。作者展示了不同主体、局部相互作用和空间
复杂性之间的异构性在长记忆特征增强的过程中所扮演的重要角色。
作者亚历克斯•科德（Alex Coad） 在《留意最薄弱的一环：相互依存机构
模型》一文中提出了“一种关于经济发展的简易乘法模型”，在此模型
中，经济发展程度会以许多相互依存的机构（interdependent institutions）
的发展程度而得以体现。在这些机构中，最薄弱的一环决定了整体表现。
这一研究结果随后为经济系统的提升给出了具体建议。
文章《民主有多稳定？人工社会网络给出的意见》由Grim、 Liu、Bathina、Liu,和 Gordon一同撰写。他们分析了传播网络结构的“民主”程度有
多少。他们发现网络会变的少民主化，如果（a）传播在特征程度上更加
受限，同时（b）其更紧密地出现在少数特定节点上。这两种方法共同提
供了评价民主网络的二维框架。
作者Caeser
应系统

Scartozzi在《国际关系新分类：重新思考国际关系这一复杂适

》一文中引入了国际系统的新概念，他认为该系统是一个复杂适应系统，
具备自组织和信息处理的新兴性质和动态。此研究目的是，为国际关系研
究提出正式的复杂系统理论方法，并为国际关系引入一种新的分类法，此
分类法有两个目标：一是提高不同认识论社区（epistemological communities）间的互操作性；二是概述一种形式语法，为国际政治作为一种复杂适
6
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应系统进行建模提供基础。
作者辛西娅·库尔兹（Cynthia Kurtz）撰写的文章《我们准备好面对复杂
性了吗？》描述了一系列关于复杂性科学和混沌科学概念的探索，同时描
述了这些概念如何转化为商业世界和组织世界的叙事。此研究的三个案例
中，有关不确定性的叙事都被改写为确定性叙事。作者深入思考了这些故
事的启示，即我们能从这些并不总是舒心的复杂性理论见解中获得什么益
处。
作者希尔顿·L. 鲁特（Hilton L. Root） 撰写的文章《凯恩斯、哈耶克和经
济学中复杂性理论的根源》重审了约翰·梅纳德·凯恩斯和弗里德里希·
哈耶克在如何看待经济系统这一背景下展开的激烈辩论。二者都认为经济
是一个由相互影响的各部分组成的“有生命力的”系统，但凯恩斯认为人
类可以应用机制来指挥和引导该系统，而哈耶克认为应让经济系统进行自
组织。此文将该讨论作为分析现代经济系统的棱镜。
史蒂夫·沃利斯（Steve Wallis）和利兹·约翰逊（Liz Johnson）在《关于社会
权力系统的4种理论——应用综合性命题 分析进行理解和合并》一文中呈
现了有关反馈机制的基础研究。此反馈机制允许社会网络（有关于社会权
力系统）中复杂性的发展。通过综合性命题分析（IPA），研究者能在等
级制度中衡量社会权利的变化。这篇文章促进了未来的学术辩论，用以探
讨积累社会权利的方式。
以上文章提供了宝贵的背景材料，用于评价和解决当下全球日益增长的经
济挑战、社会挑战以及政治挑战。
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Abstract
The aim of this work is to establish an interesting connection between the behavior of economic agents by means of complex systems approach and the long memory features that generally occur
in a wide set of time series found in economic/financial problems.
It is shown that heterogeneity between agents, local interactions,
and spatial complexity plays a major role in the rise of long memory features, by means of extensive usage of computational multiagent-based models, stochastic analysis, and Monte Carlo simulations. Despite the fact that these results are already known in the
stochastic processes literature, the authors aim to reanalyze them
under the perspective of complex systems features, which may enable complex systems practitioners to obtain interesting insights
regarding policymaking and discussing long memory properties
that may affect them.
Keywords: long memory, complex systems, multi-agent models,
Monte Carlo Analysis
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Propiedades de larga memoria y sistemas
complejos: una conexión interesante
Resumen
El objetivo de este trabajo es establecer una conexión interesante
entre el comportamiento de los agentes económicos a través de un
acercamiento de sistemas complejos y las características de larga
memoria que ocurren en un grupo amplio de series de tiempo que
se encuentran en problemas económicos/financieros. Se muestra
que la heterogeneidad entre agentes, interacciones locales y complejidad espacial juegan un papel importante en el crecimiento
de características de larga memoria a través del uso extensivo de
modelos computacionales multiagente, modelos estocásticos y simulaciones Monte Carlo. A pesar del hecho que estos resultados
ya se conocen en la literatura del proceso estocástico, los autores
buscan reanalizarlos bajo la perspectiva de características de sistemas complejos, que podrían habilitar a los que utilizan sistemas
complejos para obtener información interesante acerca de la creación de políticas y discutiendo propiedades de larga memoria que
podrían afectarlos.
Palabras clave: memoria larga; sistemas complejos; modelos multiagente; análisis Monte Carlo

长记忆性和复杂系统：一种有趣的连接
摘要
本文致力通过复杂系统方法和长记忆特征等方式（一般出现
在经济/金融问题涉及的一系列时间序列中），进而在不同经
济主体行为之间建立一种有趣的连接。通过广泛使用基于多
主体的计算模型、随机分析和蒙特卡罗模拟方法，显示了不
同主体、局部相互作用和空间复杂性之间的异构性（heterogeneity）在长记忆特征增强的过程中所扮演的重要角色。尽
管事实是，这些方法得出的结果早在研究随机过程的文献中
就已有记载，但作者致力从复杂系统特征的视角重新分析这
些结果，因此可能帮助复杂系统从业人员得出有关政策制定
10
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的有趣见解，并讨论可能会对他们造成影响的长记忆性。
关键词：长记忆；复杂系统；多主体模型；蒙特卡罗分析

Introduction

absence. Hence, in order to have the
necessary flexibility to deal with this
apparent dilemma, it is introduced a
fractional difference coefficient, which
tries to accommodate stochastic processes between those with a unit root
process (d = 1) and those with no unit
root (d = 0).

L

ong Memory Processes, generally
speaking, are stochastic processes
that exhibit nonexponential decay in their respective autocorrelation
functions, as usually observed in what
can be called “short-memory processes.” Therefore, the main feature of this
type of stochastic process is a hyperbolic decay in its respective autocorrelation function, which points out that
perturbations occurred far away in time
are still able to explain part of the current state of the system.

Thus, a long memory stochastic
process can be defined as:

where
is a stochastic disturbance
(white noise), L the lag operator, xt the
Consequently, this kind of sto- contemporaneous observation of the
chastic process exhibits persistence that stochastic process and d the fractionis neither consistent with the presence al difference operator. Furthermore,
of a unit root nor with its complete b
can be defined as:

(1995), and Baillie (1996). The main focus of the pioneer works was the search
for empirical evidences of long memory over a different range of problems.
The focus of the posterior works was
the mathematical/statistical analysis of
such properties in terms of its stochastic components and the development of
proper mathematical tools and statistical tests aiming at the calculation of the
fractional difference coefficient.

The study of this kind of phenomenon is a relatively old field in mathematics and physics, which started to be
investigated right at the beginning of
the 1950s, by Hurst (1951), followed by
Mandelbrot and Wallis (1969), and McLeod and Hipel (1978), among others.
Then, during the 1980s and 1990s the
field grew almost exponentially, where
the most important works were those
written by Hosking (1981), Geweke
and Porter-Hudak (1983), Robinson
11
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Therefore, to achieve such goal,
the authors aim to analyze processes
from other viewpoints than those discussed above, with a special focus on
the complex systems characteristics
such as the agents’ behavior, competition rules, and laws of motion, but still,
discussing the Markovian properties of
the models, whenever necessary to explain eventual asymptotic behaviors.

Given that, most of the papers
published since then focused on: empirical evidences of long-range dependency in a wide set of different fields, from
physics to finance; on propositions that
enhance the computational calculations
of models which exhibit these stochastic properties and on the development
of the theoretical mathematical toolset
used to build and analyze such models.

That said, the main idea of this
paper is to discuss possible origins of
such phenomena by running computational simulations of the interactions
between single individuals (called
agents), which produce local and global interactions that are studied in terms
of its complexity features, instead of
focusing on eventual generalization of
convergence properties of its stochastic
properties. Moreover, this paper aims
to show and discuss that long memory
properties are not necessarily resultant
from long memory behavior of individual agents nor from social/economic
frictions—in line with previous findIn addition to these theoretical ings. Furthermore, it aims to extend
studies, there exists a literature that the knowledge about complex systems
use simulation approaches to study fi- and long memory processes (initially
nancial stylized facts and statistical restricted to heterogeneity), by adding
properties, such as Brock and LeBaron two other important factors: spatial
(1996) and Farmer, Patelli, and Zovko complexity and large deviations from
(2005)—which studied zero intelligence stationary states implied in the motion
agents, resembling some of the prima- laws.
Spatial complexity, here, is diry objectives of this present study; and
Liu, Gregor, and Yang (2008)—these rectly linked to the spatial dispersion of
authors studied effects of behavioral resources and their respective availabiland structural assumptions in artificial ity, which of course will affect the state
stock markets. In line with them, this transition probabilities that the authors
present study aims to complement this analyze, such as wealth inequality (discussed in the third example), in terms
discussion.
Along the 1980s and 1990s, a
set of econometric works was developed focusing basically on the origins
of long memory processes as a result of
the sum of cross-sectional short-memory processes, as can be seen in Granger
(1980) and Lippi and Zaffaroni (1999);
as result of the sum of continuous binary series as in Taqqu, Willinger, and
Sherman (1997), where the governing
cumulative distribution function of the
binary states are governed by power
laws; structural changes/regime switching processes, as discussed in Stock and
Watson (1996); and spatial Markov systems, as described in Beran (1994).

12

Long Memory Properties and Complex Systems

To accomplish the goal of focusing in the agent’s environment, aiming
to put this work into an interesting
perspective for the discussion of policymaking, in all computational models
here described, the agents must only
explicitly have short-memory relationships with their respective past states—
as in Farmer et al. (2005). Thus, it should
be possible to show that long memory
properties arise not because the agents
may have a memory unit which guides
them in their respective actions (behavior), as one may think in terms of traders pricing an asset according to the
present and their perception of a fair
price based on their long experience;
but as a result of the aggregate behavior
of them, as a consequence of the complexity emergence, pointing back to the
seminal works of Mandelbrot and Wallis (1969) and establishing an interesting link with the growing field of complexity, as in Wolfram (2002), Monteiro
(2011, 2014), among others.

of a spatial Markov system, within a
competition framework.
Large deviations from equilibria,
here, refer to how they interact with the
system’s laws of motion—these are derived from Markov properties, which,
in turn, are derived from transition
rules.
Consequently, the authors intend
on bringing such discussion in order to
establish and important connection between the classical results obtained by
analyzing Markov processes and complex systems.

The importance of the present
work is because the correct specification and understanding of stochastic
processes are very important. Its specification affects the description of the
autocorrelation structure, which is very
relevant to a wide range of problems,
such as asset pricing, macroeconomic
modeling, social policy conduction—
discussion about poverty and inequality and how they evolve in terms of the
Consequently, the state of agents
system’s properties—and other time se- in such systems would be somewhat
ries phenomena.
affected by disturbances occurred in a
It is worth noticing that the mis- far past, but not explicitly derived of inspecification of such features may in- dividual long memory behavior, which
duce very different results in long term, affects directly the development of opaffecting the way that optimal policy- timal control policies for such kind of
making may be conducted, since these systems.
effects last longer than short memory.
In addition, it delivers useful insights
while discussing different approaches
on the concept of path-dependent phenomena and what should be expected
if nothing is done if the competition itself does not solve the inequality problem.

Keeping that in mind, three different computational models are presented and simulated in this work,
showing that long-range dependency
may simply arise from the interactions
between the agents, establishing what
can be called “long memory emergence.”

13
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On the other hand, none of these
models was developed for this work.
Their respective authors separately
made them for specific purposes and
that is why the present authors have
decided for such strategy (of picking
models made by third parties). Instead
of building models (which usually takes
a considerable amount of time to make
them work properly) that might contain biases in terms of finding such long
memory properties—as a consequence
of the present paper idea—they were
chosen, simulated (in their respective
platforms) and analyzed using the R
Statistical Package.

Methodology

I

n order to test the possibility of having a long-range dependency over
time, along this paper the usage of
four statistical methods is proposed:
Geweke and Porter-Hudak (1983)—
from now on GPH, Local Whittle Estimator as in Robinson (1995), where
these first two are fractional difference
coefficient estimators—Modified R/S
Statistic Test as in Lo (1991) and V/S
Statistic Test following Giraitis, Kokoszka, Leipus, and Teyssière (2003). Moreover, in addition to these four statistical
methods, a direct graphical comparison
In the following section, it is will be carried out between the partial
presented a brief discussion about the and standard autocorrelation functions
capability of the current fractional dif- in order to detect the presence of long
ference coefficient estimators to distin- memory components.
guish apparent long memory processes
As can be seen in Kumar (2014),
from simple autoregressive processes— the GPH estimator is based on the
because autoregressive processes can slope of the spectral density function of
be seen as a truncated version of long the fractionally integrated time series
memory processes, and three other around
through a simple linear relong-range dependency methods are gression based on the periodogram.
presented. Then, in the other three next The periodogram is defined as:
sections, each one of these three models
are presented, simulated and discussed
in terms of the stochastic properties
found over the results obtained, while
pointing out possible reasons for such
is the kth periodogram point
results as a consequence of agents’ het- where
erogeneity, local interactions and spa- and it can be defined as the squared abtial complexity. After that, there is pre- solute values of the Fourier Transform
sented a final section containing a brief of the series.
conclusion of evidences towards the
Having calculated the periodoemergence of long-range dependency gram, the final step is to estimate the
because of other kind of interactions fractional difference coefficient by esbeyond explicit long memory behavior timating the following regression using
of individuals.
Ordinary Least Squares:
14
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On the other hand, the Local mate, which is carried out by the miniWhittle Estimator depends also on the mization of an objective function, as in
periodogram, as defined right above, Künsch (1987):
but consists of a semiparametric esti-

where:
•

is any admissible value

for
, the time series displays
long memory properties.

Nonetheless, it is also important
to notice that despite the fact that ARI•
MA processes can be seen as truncated
fractionally integrated processes; the
•
, being H the Hurst expo- results of both tests do not suggest fracnent.
tional difference coefficients where they
Keeping that in mind, both es- do not exist.
About the first part of the affirtimators are applied on generated time
series, which are result of the simula- mation above, if a fractionally integrattion of each model explained. Hence, ed process can be written as:

obviously, simple autoregressive processes can be seen as their respective
truncations of order p.

spurious fractional difference coefficient. The same occurred for third-order processes and so on.

Moreover, in order to obtain an
interesting proof in terms of the statistical test performances with no further mathematical abstraction, a Monte
Carlo-based test was carried out, with
100 simulations for each time series
specification with 2,000 observations.

So, basically, it was simulated AR(1) processes with the firstorder term ranging from
to
b
, and the results are shown
in Figure 1, in terms of the suggested
fractional difference coefficient. In addition, it is important to keep in mind
that an AR(1) process (without constant
term) can be represented as a model of
the form:

Only first-order processes were
tested, since none of the second-order
autoregressive models suggested any
15
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If
model).

, the model becomes a pure random-walk process (an ARIMA(0,1,0)

Figure 1. Spurious estimates of d versus true AR(1) coefficient values.

As can be seen in Figure 1, only
high positive values of the autoregressive coefficient can produce potential
spurious results in terms of the estimate
of the fractional difference coefficients.
Still, these spurious effects are not significantly large. The main explanation
for such occurrence is the fact that as
n
, the model becomes more similar to a random-walk process. Hence,
in terms of inference of d, it should approximate to 1.

In order to complement this first
analysis, it was simulated a case where
m
, resulting in
.
Hence, it is possible to conclude that
there is an exponential decay behavior
in terms of a spurious fractional difference parameter estimate versus the
AR(1) coefficient value.

Hence, only first-order autoregressive processes with an AR coefficient close to 1 (larger than 0.9) can lead
to possible distortions in the inference
Furthermore, it is also import- of the fractional difference coefficient,
ant to mention that both statistical tests which is something that must be taken
produced the same results for sufficient into account when evaluating data genlong series, in this case, 2,000 observa- erating processes.
tions, and the results did not change if a
It is also important to explain
constant was included.
how the Modified R/S Statistic (as in Lo,
16
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1991) and the V/S Test work in order
to detect the presence of long memory
components. Aiming to explain how
the Modified R/S Statistic Test works, it

is useful to discuss the original R/S Statistic developed by Hurst (1951). If one
defines the following quantities:

Then, the original R/S Statistic can be defined as:

where

with c1 being a positive constant numThus, defining S2(N) as the samber that does not depend on n, and H ple variance of the series, Lo (1991)
denoting the Hurst Exponent within proposed the following measure for S,
the range ]0.5,1[, if there is a long mem- which now depends on a parameter q:
ory component, and H = 0.5 if the observations Xi come from a short-range
dependent model.
Having this classical procedure in mind, Lo (1991) has identified
weaknesses in this standard procedure,
where short-memory presence may
generate distortions in the detection of
the presence of long-range dependency.
Thus, in order to consider short memory components, the author proposed to
modify the original R/S Statistic Test, in
order to accommodate autocovariance
components instead of the simple variance. Furthermore, instead of considering multiple lags, the test focuses only
on lag n = N, the length of the series.

where yj is the sample autocovariance at
lag j, wj(q) is defined according to:

and q is the truncation lag.
Hence, the choice of q plays an
important role in the sensitivity of the
Modified R/S Test. On the other hand,
the V/S Statistic Test, developed by Giraitis et al. (2003), is less sensitive to the
choice of the truncation lag. This test
consists of the following statistics:
17
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where Sq(N) the same quantity as is de- the sample size. The main reason for
fined in Lo’s (1991) test. Still, q should that is can be seen in Xiao (2002), where
be defined.
the author demonstrated that Andrews’
In order to establish the trun- (1991) formula not only captures the
cation lag q for both tests, the present short-range dependence, but can also
authors follow the approach proposed capture the long-range dependence.
by Lima and Xiao (2004), instead of Hence, they propose the following forsimply using the formula developed by mula (Lima & Xiao, 2004):
Andrews (1991), which is the more traditional approach.
The formula developed by Andrews (1991) is given by:

where is an estimate of the first-order
where q* is the optimal choice.
autoregressive coefficient.
Lima and Xiao (2004) proposed
a different approach, by combining information available in the dataset, as
in Andrews (1991) and a correction of
bandwidth lag selection based only in

Consequently, using these four
tests and evaluating the Autocorrelation function, it is expected that it is
possible to detect the presence of longrange dependency in a robust way.

A Multi-Agent Prediction
Market based on
Boolean Networks

to compose public opinion (or probability of outcome) of events.

The basic structure of this model
is composed of individual agents that
he main idea of this first model update their respective beliefs accordis to simulate the dynamics be- ing to a Boolean based rule, where they
hind the interactions between assume a binary belief state: 1 when
individuals, an external source of infor- they believe a specific event will hapmation and a market clearer, which ag- pen; 0 when they believe that a specific
gregates the individual beliefs, in order event will not happen. The factors that

T
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are weighted in order to assume one or
another state are:
•
•

•

obtaining a 0

The overall average of individuThe individual past belief state, giv- als beliefs are condensed into collective
en by S(t – 1)
belief states (which resemble a price)
according to the following mathematiOverall average of the individuals cal expression:
past belief state (condensed into
“prices” between 0 and 1—continuous variable), given by P(t – 1)
External Information, represented
Furthermore, a mathematical
by a Bernoulli Random Variable,
given by B(t), with a probability function updates the belief state acof q obtaining a 1 and (1 – q) of cording to the following expression:

represents a simple Boolean Network,
where all agents are interconnected
(which simulates a situation of synchronous information and perfect inand
formation symmetry), simplified by the
existence of an external “Market Maker” agent, which condensates all agents
(nodes) beliefs into something that reMoreover, z is the individual bias,
sembles a price. On the other hand, the
generated randomly for each agent.
state of each agent does not depend on
In the implementation of this any spatial position, since they are all
code, for the purpose of this paper, in virtually connected and information
order to generate heterogeneity be- flows instantaneously, resembling inditween the individuals, it was imposed viduals interconnected by a mechanism
that z ~ N(0.5,0.1), fixed at the first sim- such as Internet.
ulation step.
Mathematically speaking, it
For simplicity, in this paper it turns out that this network configurawas adopted a probability q = 0.5, w1, tion implies on a linear feedback relaw2 = 0.3 , and w3 = 0.4, in order to avoid tionship between the agents behavior
any apparent bias in the generated time and their respective collective behavior,
series and any very strong autocorrela- which can amplify the system oscillation over individual past states.
tions or stabilize them, depending on
Thus, basically, this set of rules the parameter value (w3).
where
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For the purpose of this paper, generated price time series that encomthis model was implemented using the passed 2,000 ticks. An example of a resoftware Insight Maker and 100 simula- sulting series is shown in Figure 2.
tions were carried out, where each one

Figure 2. Simulated prices over time.

Thus, it was calculated the
Künsch (1987) and GPH (Geweke &
Porter-Hudak, 1983) estimates of the
fractional difference coefficients over
these price series, in order to test the
presence of long memory components.

According to Figure 3, it is clear
that this process exhibits long memory
properties, avoiding any spurious result
from a single simulation, as it relies on
a Bernoulli random variable to generate
part of the stochastic fluctuations.

The average Künsch (1987) estimate for the fractional difference coefficient for the 100 simulations was
0.4869814, while the average GPH
(1983) estimate was 0.1457286. If taken into account the fact that the past
state is Boolean and the autoregressive
part of the function is still weak (less
than 0.9), both results provide strong
evidences towards the presence of long
memory components in this kind of
process. The distribution of the fractional difference estimates (GPH) is
described in Figure 3.

In Figure 4 it is shown the distribution of the fractional difference estimates, according to Künsch (1987).
According to Figure 4, it is important to notice that the shape of the
distribution is completely different
from the GPH (1983) estimates. Still,
according to these results, it suggests
the presence of long-range dependency.
Nonetheless, in order to reduce
the heterogeneity between the simulated individuals, this experiment was repeated using z ~ N(0.5, 0.05) , fixed at
the first simulation step.
20
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Figure 3. Histogram of the parameter d.

Figure 4. Histogram of the parameter d.

When the heterogeneity is re- a low-level price or a high-level price,
duced, the system behaves completely resembling a white noise around these
different. It rapidly converges towards levels, as shown in Figure 5.
21
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Figure 5. Simulated prices over time.

With a probability q = 0.5 of having a positive or negative external information, according to the mentioned
Bernoulli variable, the system converges rapidly towards a high-level or a
low-level price. In the case of Figure 5,
it converged towards a high-level price.

suggests a White Noise Process. On the
other hand, the Künsch (1987) estimates
provide evidences towards the presence
of these long-range dependencies.
The distribution of the fractional
difference estimates (GPH) is described
in Figure 6.

Having estimated the fractional
difference coefficients, it was obtained
an average Künsch (1987) estimate
of 0.3211652, while the average GPH
(Geweke & Porter-Hudak, 1983) estimate was 0.06440041.

In contrast to the previous distribution, in Figure 6 is clear that this
process does not exhibit long memory
properties. In Figure 7, it is shown the
distribution of the fractional difference coefficient estimates according to
Künsch (1987).

Again, if taken into account the
fact that the past state is Boolean and the
autoregressive part of the function is still
weak (less than 0.9), the GPH results
provide weak evidences towards the
presence of long memory components
in this kind of process—in this case, it

When analyzing Figure 7 it is important to notice that its shape is completely different from those obtained
in the previous cases. This distribution
suggests the presence of a long-range
22
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dependency in the analyzed stochastic Law-like distribution.
process.
Except for the percentile between
Another interesting fact is that 0.2 and 0.3, which has a very strong
the shape of the simulated price distri- peak, there is a typical exponential debution is completely different in both cay, which is one of the most important
cases, as seen in Figure 8.
features in a Power Law distribution.
In Figure 8, that synthesizes the
distribution of the prices in the first
case, it can be seen that the prices are
very far from a normal distribution,
with considerable high fat fails, asymmetry and so on, resembling a Power

Figure 6. Histogram of parameter d.
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Furthermore, the characterization of such behavior is very important,
because this is one of the most notorious
aspects present in self-similar processes,
which are naturally one of the emergent
properties of complex systems.
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Figure 7. Histogram of parameter d.

Figure 8. Histogram of the simulated prices.
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Figure 9. Histogram of simulated prices.

Figure 10. Plot of autocorrelation function.
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Thus, as it is widely known that
Power Laws are an important characteristic of self-similar processes, and
on the other hand, knowing that longrange dependency can arise from such
processes, this is one more interesting
finding towards the obtainment of empirical evidences of the presence of such
property.

odology section, it was calculated the
mean of autocorrelation functions of
all simulations, in order to analyze the
presence of slow hyperbolical decay
(long memory) versus fast exponential
decay (short memory).
In Figure 10, it is possible to see
that there is a slow decay in the red line
and a fast decay in the blue line, which
represents respectively the heterogeneous agents’ process and the homogeneous agents’ process, evidencing the
rise of long memory, despite possible
doubts according to the Modified R/S
and V/S Statistic Tests. It is also important to notice that, despite the hyperbolic shape of the blue line, its values are
not greater than the confidence interval
(dashed black line) in order to be considered statistically significant, with a
p-value of 1% (they are very close to the
5%, casting doubts). In other words, the
apparent hyperbolic shape of the blue
line is probably a mere spurious statistical effect.

This same procedure was applied
to other set of experiments made in the
complementary case, as shown in Figure 9.
In Figure 9, which synthesizes
the distribution of the prices in the second case, it can be seen that the prices
are not far away from a normal distribution, despite the fact that the statistical test for normality rejects a normal
distribution.

This distribution is far more
symmetric than the previously presented and does not exhibit huge fat tails,
not suggesting a Power Law like distribution, which is an interesting evidence
Hence, what can be said in terms
in terms of the absence of long-range
of agent-based models is that the independency.
troduction of heterogeneity among the
In terms of the Modified R/S Sta- agents is an important factor in terms
tistic Test and V/S Statistic Test, with of the existence of long memory prop5% of significance, the results show erties in any process. When heterogethat 50% and 60% (respectively) of the neity is considerably reduced, it seems
simulated samples have long-range de- these properties vanish, at least in this
pendency in the heterogeneous sam- model.
ples, while 95% and 82% (respectively)
Furthermore, it is worth menof the simulated samples do not have tioning that the implied process in the
long-range dependency in the homog- agents discussed in the present secenous samples.
tion is rather different from those disFinally, as these two statistical
tests are very sensitive to the bandwidth
choice of q, as discussed in the Meth-

cussed in the traditional literature, as in
Granger (1980) and Lippi and Zaffaroni
(1999).
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is introduced (each agent with its own
bias). Nonetheless,
are distributed
according to a Bernoulli distribution,
and there is a linear feedback relationship between the collective behavior of
the agents and its individual behavior,
which is fed into their individual process according to the same parameter
weights.

The idea of heterogeneity present
in the sum of cross-sectional processes
in these original works which results
into long memory properties are a consequence of the heterogeneity present
in the autoregressive part of each individual agent. These works discuss the
rise of long memory properties in the
aggregation of stochastic processes of
the following form:

When all these factors are put together and compared against the traditional literature, an important concluwhere is the autoregressive parame- sion can be made. If all agents forecast
ter distributed according to a specific exactly in the same way (which is an
distribution (so this is the heterogeneity explicit assumption in this model), the
source in the implied process),
are way they perceive these same forecasts
normally distributed disturbances with generate such long memory behavior,
n
, and
is the ith individual which is something not yet discussed in
real-valued stochastic variable that may the existing literature.
be aggregated. In an adaptive learning
In addition to the mentioned
framework, this can be thought as the points above, it is worth mentioning
way individuals make their respective that the original authors have chosen
forecast about the system next state.
a Bernoulli distributed variable for the
On the other hand, in the un- external information, given the fact that
derlying process here discussed,
is a it is very easy to obtain a map within
binary stochastic process (which has a the range that models the behavior of
completely different nature); all autore- the mean field of the proposed Boolean
gressive parts are kept constant across Network.
the different agents, and a bias factor
It is straightforward to derive:

And according to the rules im- that (for a generic probability distribuplied in each agent (node), it follows tion of the variable B):

As can be seen in the original ing map, when B follows a Bernoulli
work, it is possible to derive the follow- process:
27
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According
to
Jumadinova,
Matache, and Dasgupta (2011), this
map does not show any complex behavior, which is possible to see when
analyzing its fixed points—that are
obtained by evaluating the conditions
where pr(t + 1) = pr(t). However, if z
is different for every agent (in the case
where heterogeneity is introduced), the
derived map is not valid anymore.

ponents, as in the third case.
Thus, a new and unexpected behavior rises.

Cellular Automata as
Dynamic Stochastic Systems

C

ellular Automata are one of the
simplest dynamic systems capable of showing complex beHence, rather than trying to de- havior, which, on top of a reduced set
rive (if possible) a map for such condi- of rules, can be investigated using the
tion, it is already possible to check in standard analytical framework.
the previous simulations that complexMoreover, Cellular Automata
ity emerges, but still, depending on the have been used to model a wide range
degree of heterogeneity introduced in of different problems, where it is not
the system, the system floats around the trivial to derive mean-field equations
original fixed points zero and one pres- based on the establishment of (partial)
ent in the derived map above. When a differential equations, or when it is hard
large heterogeneity is introduced over to model local and spatial-dependent
the parameter z, such behavior com- interactions. A few examples of what
pletely disappears, giving rise to a full kind of modeling this technique encomplex behavior over pr(t).
compasses are:
Consequently, it is possible to • spatial-dependent predator–prey
show that, depending on the degree of
interactions as in Vilcarromero,
heterogeneity introduced, the system
Jafelice, and Barros (2010);
can behave deterministically (as in the
derived map), probabilistically, around • epidemics dynamics as in White,
two main fixed points, and a very comDel Rey, and Sánchez (2007) and
Pfeifer et al. (2008);
plex behavior with long memory com28
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•

urban and population growth as in so the focus in the study of the longAlmeida and Gleriani (2005) and range dependency rise is the underlying
Mavroudi (2007);
state transition rule in each automaton.

In this section of the work, only
social change (Nowak & LewenElementary
Cellular Automata are studstein, 1996);
ied. Despite the word “elementary”, they
• consumer behavior (Rouhaud, are still capable of displaying behaviors
2000);
far from “elementary”. In fact, they can
exhibit even chaotic behavior. For ex• city traffic (Rosenblueth & Gersh- ample, the Rule 110 is one of the most
enson, 2011).
intriguing and beautiful pieces of comThus, if in the previous model puter software ever written. With a set
all agents behave heterogeneously and of simple eight bitwise rules, one is able
globally—since their respective state do to, in principle, to compute any calculanot depend on any specific neighbor- tion or emulate any computer program,
hood range, but rely on all agents states as conjectured by Wolfram (1985) and
(global interaction)—in cellular autom- proved by Cook (2004). (Note that rule
ata occurs the opposite situation. All numbers are encoded according to
agents behave locally and homogenous- the 8-bit sequence of combinations, as
ly, where each cell represents an agent, shown in Figure 11.)
•

Figure 11. Encoding of Rule 110.

Consequently, Figure 11 illustrates a mathematical operation of the
type:

In Figure 11, for example, the
first transition rule implies that, if the
three cells in the previous line are black,
the next one will be white; if the previous left-most and center cells are
black and the right-most cell is white,
the next will be black, and so on. These
eight transition rules define a specific
cellular automaton. In addition to that,
it is worth noticing that the outputs,
when interpreted as bits, encode an
8-bit number—in this given example,
the number 110 in a binary base.

where
denotes the value of the state
at time step t, at position i, with .
Hence, with this set of simple
rules, it is possible to generate very
complex patterns that seem to evolve
chaotically, depending on the initial
conditions of the system. According
to Wolfram (2002), this kind of system
29
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where p* denotes a stable fixed point
(that is going to be introduced later).
Consequently, if p0 = p*, no regime
switches are expected; if p0 ≠ p*, regime switches should be expected since,
as the time passes, pt should converge
*
Keeping that in mind, the main to p . Consequently, pt also denotes the
idea of this second experiment is to expected value of the density of black
show that there is another interesting cells at each time step.
Moreover, in order to establish
possible source of complexity in terms
of the rise of long memory processes: this experiment as a tool to investigate
large deviations from stationary states possible sources of long memory propimplied in their collective motion laws. erties, if one considers the following exBy treating cellular automata as pression:
exhibits a behavior that is neither completely stable nor completely chaotic,
generating localized structures that appear and interact in various complicated-looking ways, which characterizes
what is called Class 4 behavior.

stochastic dynamic systems, it is possible to show that individual transition
rules lead to collective motion laws.
On the other hand, depending on the
initial conditions (for simplicity) large
deviations from the equilibrium points
may be induced, generating collective
smooth regime switches (which are not
intuitive). Hence, these switches toward their respective equilibrium may
generate long-range dependency. Furthermore, as it is shown later, there are
some rules that, despite regime switches
induced by the configuration of initial
conditions, have convergence rates with
different speeds, affecting the rise of
long-range dependency.

where xi,t represents the value of the
cell at position i at time step t, S(t) represents the amount of black cells present
at each time step and, over this number,
long-range dependency statistics are
calculated.

The reason to use such measurement is the fact that the Central Limit
Theorem ensures that the variable S(t)
is normally distributed for a sufficiently large N if xi,t is binomially distributed. One should also notice that if pt is a
stable fixed point, in theory, S(t) is also
stable normal distributed over time.
Hence, it is expected that the sequence
Therefore, in order to build such
of normal variables is that they will
exercise, the first step is to aggregate all
compose a stable white noise process,
the black cells (represented by ones) in
i.e. a short memory process.
each time step, given the fact that they
On the other hand, if pt is not
are randomly started according to a binomial probability function in two dis- a stable fixed point, following the assumptions made, a sequence of retinct cases:
gime switches happens until the system
• p0 = p* ;
reaches its equilibrium point. As it is
• and p0 ≠ p* ;
known that regime switches may cause
30
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long-range dependency (see Stock &
Watson, 1996), initializing such discrete system far away from its stable
fixed point may also generate a long
memory behavior.

random system that changes its states
according to a transition rule that only
depends on the current state. Thus, the
transition rule can in fact describe the
probability that the next cell will be 1 or
0, according to a Binomial Probability,
as described in Wolfram (1983).

In order to derive a mathematical framework to establish the probabilities p* for each rule, the approach here
So, for example, if rule 150 is
used assumes that the previous state of
the system is a Markov process, i.e. a considered:

Figure 12. Encoding of Rule 150.

and establish that xi,t represents the value of the cell at position i at time step
t, it is possible to write the probability
P[xi,t+1 = 1]. To accomplish that, it is
necessary summing up the individual
probabilities of the cases where xi,t+1 =

which is a discrete nonlinear system
that describes the underlying probability in the Markov Process. This Markovian assumption is made in order to
reduce the complexity of the mathematical treatment of the system.

1, according to a Binomial Probability.
For notation simplicity, writing
P[xi,t+1 = 1] = pt, P[xi,t+1 = 0] = (1 – pt)
and P[xi,t+1 = 1] = pt+1 , one is able to develop the following equation:

m
and, according to the Lyapunov stability criteria, only 0.5 is
a stable fixed point. The other fixed
points are unstable. This can be verified
by calculating:

If one solves the equation by establishing pt+1 = pt = p*, a fixed point is
found, and consequently, its respective and checking if .
properties may be studied, like stability,
Therefore, from the assumption
in order to check if there is an attractor of a Markov Process, if the initial conpresent in this system.
ditions of the system are set using p0 ≠
In this example, the system 0.5, the system will converge towards pt
is characterized by the fixed points = 0.5.
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That said, an additional noise is
added to the system in order to have a
true stochastic system and then, study
its long memory properties. To accomplish that, it is introduced a probability
based rule, where each cell has a probability pN of having its state randomly
modified, with equal probabilities of
assuming 0 (white) or 1 (black), and (1
– pN ) of having its state unmodified.

Having proposed the methodology, the rules 150, 110, 106, 182, and 18
are investigated.
These rules, according to the
methodology discussed before, have
the following fixed points between 0
and 1 (where valid probabilities can reside), noticing that “S” denotes a stable
fixed point and “U” denotes an unstable
fixed point.

Table 1. Rule comparisons in relation to Fixed Point 1, Fixed Point 2, and Fixed Point 3

Hence, all studied rules presented here have, in theory, one valid attractor. In order to confirm that in practice,
it was simulated 100 simulations of each
rule, with an initial configuration of p0
= 0.01 and pN = 0.01. In other words,
the systems were initialized away from
their respective equilibrium points,
with a low amount of noise. After that,
a mean evolution of each one of these
processes were calculated and plotted
in Figure 13.

of the evolution of the system, there is
a first-order behavior in the system,
followed by saturation within a range
where the steady state resides. This is
what was exactly expected in terms of
possibility to generate long-range dependency, as can be seen in Diebold
and Inoue (2001).

Nonetheless, according to Figure
13, it is possible to see that not all rules
converge properly to the stable fixed
points inferred before. Wolfram (1983)
First, it is worth noticing that states that the main cause of such bethe aggregated series seem to behave havior is the violation of the assumplike having an implicit regime switch, tions made (i.e. Markov Processes) and
when analyzed globally. In the first part the presence of serial correlation/non32
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Figure 13. Evolution of mean process.

Figure 14. Limiting probabilities across different methodologies.
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linear behavior, which can be verified pendency independently from the iniby the convergence towards to the lim- tial state.
iting probabilities—the systems do not
Such affirmation can be vericonverge instantaneously.
fied by inspecting the histograms and
Still, if a similar inference proce- checking out that their mean are differdure is carried out, but assuming that ent from zero, which suggest the presonly k-steps before the current realiza- ence of long memory behavior.
tion the system is initialized by a ranThe same procedure was also
dom process, more consistent results
carried out by calculating the Künsch
can be obtained. For this, the recurrence
(1987) procedure, according to Figure
relation is rebuilt in order to analyze the
16.
probabilities of P[xi,t+1 = 1] in terms of
According to these results, it
φ(x(i–2k,t–k), ... , x(i,t–k) , ... , x(i+2k,t–k)), assuming an uniform probability for every seems that the Künsch (1987) proceinitial configuration, i.e.
for each dure is more sensitive than the GPH
(1983), in terms of detecting long-range
case. Hence, Figure 14 is obtained.
dependency. This procedure was able
Consequently, it is possible to
verify that, despite the fact that there to detect a possible long-range depenare some deviations when a more ro- dency in all cases, as consequence of
bust calculation of the limit is made, the initializing the cellular automata away
initial framework is relatively robust from their limiting densities, except for
enough to point out where the limiting rule 106. Therefore, basically, according
to the Künsch (1987) procedure there
probabilities do not reside.
is long-range dependency in rule 182
So, given such confirmation, a (when initializing it far away from its
direct comparison can be carried out
limiting probabilities), while it was not
between the processes initialized with
found according to the GPH (1983)
p0 = 0.01 and pN = 0.01; and p0 = p* and
procedure.
pN = 0.01 in order to verify the possiHence, in order to complement
ble rise of long-range dependency, in
terms of statistical tests, autocorrelation these tests, it was generated the mean
functions plot and distributions of the d of the autocorrelation functions of all
these systems, according to Figure 17.
fractional parameter.
According to Figure 17, it is possible to see that whenever the system is
initialized away from its steady state,
it seems to generate some sort of slow
decay in the autocorrelation function,
except for the rule 106, which seems
to always exhibit a slow decay independently from the initial state; and
rule 182, which displays a behavior

In Figure 15, the rise of longrange dependency is shown, according
to the GPH (1983) test, when the systems are initialized away from the limiting density, except for the rule 182,
which seems to be insensitive to the fact
that the initial state is initialized away
from the limiting density; and rule 106,
which seems to display long-range de34
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Figure 15. Histogram of GPH (1983) procedure for estimating d.
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Figure 16. Histogram of Künsch (1987) procedure for estimating d.
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Figure 17. Autocorrelation function plots.

more similar to an exponential decay
(but still, being hard to distinguish from
a hyperbolical decay). Moreover, a direct comparison can be made between
Figure 16 and the evolution of the mean
process. While rules 18, 110 and 150
display a similar speed of convergence
towards to an equilibrium point, rule
106 exhibits a very slow speed of convergence, and rule 182 displays a very

fast convergence towards the steady
state of the system.
Moreover, it was carried out the
V/S and R/S Statistic Tests following the
same methodology, as in the previous
exercise, in order to detect the presence
of long-range dependency.
In the next table, it follows the results
for the systems initialized with p0 = 0.01:

Table 2. Acceptance Ratio of Statistic Tests for p0 = 0.01
Rule

V/S Test Acceptance for Long
Memory @ 95%

R/S Test Acceptance for Long
Memory @ 95%

Rule 18

92%

88%

Rule 106

100%

100%

Rule 110

99%

91%

Rule 150

99%

90%

Rule 182

84%

3%
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The same was done to obtain the results for p0 = p* .
Table 3. Acceptance Ratio of Statistic Tests for p0 = p*
Rule

V/S Test Acceptance for Long
Memory @ 95%

R/S Test Acceptance for Long
Memory @ 95%

Rule 18

27%

24%

Rule 106

84%

85%

Rule 110

30%

22%

Rule 150

8%

11%

Rule 182

35%

24%

As can be seen, in Tables 2 and 3,
these tests summarize the hypothesis of
long memory behavior discussed in the
other tests and on the evaluation of the
autocorrelation function plots. Hence,
basically, all rules exhibit the rise of
long-range dependency, when initialized far away from their steady-state
densities, except for rule 106.

sus whether there is a rise of long memory behavior in rule 182, given the fact
that it converges very rapidly towards
the equilibrium density. Thus, an interesting discussion can be made in terms
of these two pathological cases.
First, if rule 106 is considered, it
is worth mentioning that the transition
rule for each cell can be defined by the
following expression:

Furthermore, there is no consen-

where
denotes the “not” operation It is possible to realize that the system is
over the cell at the ith position, in the stationary when:
instant t. So, if
, then
,
and vice versa.
Additionally, if one considers the
density of the
system given
by:

So, by plugging the initial definition of the transition rule into the density expression one obtains:

Consequently, by factorizing:
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Thus, in order to study the con- sion as a difference equation in terms of
ditions where the system is stationary, it i, as it follows:
is useful to rewrite the previous expres-

Which has the following system as solution:

As there are no possible negative
values, it follows that:

initialized as triplets of the form “1_0”.

From the stationary state with
S(t) = 1 (in other words, with only one
Solving the following simplified black cell), when a very low level of
noise is added, the initial state of the
system, one obtains:
system is preserved with a slow convergence towards the limit density, as verified in Figure 13. If there is no noise,
Hence:
nothing happens to the system.
However, it is also interesting
to notice that if all cells are initialized
as one, except for only one cell, being
So, for example, if xi,0 = 0, withequal to 0, the long memory behavior
out any noise and, with only one xk,0 = 1
becomes more evident, when no noise
| k ∊ {0,N}, the system will remain at its
stationary state. The same happens if all is present in the system.
On the other hand, when analyzthe cells are initialized with 0. Moreover,
it is possible to verify that all stationary ing rule 182, it is possible to derive the
solutions are those where the cells are following transition rule:

Repeating the same previous steps, as done for rule 106, it is possible to
notice that:

Consequently, it is important to verify that the first term of the previous
equation given by:
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drives the system towards a reversibility
trend, differently from rule 106, which
keeps a strong inertia (long-range dependency cause).

an exponential decay, even with a significant distance from the limit density,
precisely because of the inherent rapid
convergence.

If a simple initial state is taken,
When compared to a non-pathowith all xi,t = 0, except for one xk,t = 1, the logical case, like rule 110, again, folsystem converges very rapidly towards lowing the same steps, it is possible to
the limit density. Consequently, the verify that:
autocorrelation function tends to have

Factoring the previous expression:

one can realize that the term

Additionally, it is important to
state that the straightforward analyses
carried out in the present exercise are
possible due to the mathematical simplicity of the cellular automata here
analyzed. If systems that are more complex were analyzed, it becomes more
difficult to draw possible reasons to the
rise of long memory behavior.

drives the system towards a reversibility
much slower than that one observed in
rule 182. That is why regime switches in
the non-pathological cases cause longrange dependency.

Therefore, an important conclusion can be draw from this exercise.
Thus, this is one of the main
Rules that drive local interactions between homogenous agents and the es- reasons why long-range dependency
tablishment of large deviations, jointly, should be studied as an emergent property of the system.
can generate long-range dependency.

Sugarscape—A Simulation
of an Artificial Society based
on a Multi-Agent System

a set of rules, which governs the interactions between the agents and the environment. This model was originally
presented in Epstein and Axtell (1996).

T

Each cell within the grid can
he Sugarscape is a large-scale
agent-based model composed contain different amounts of sugar
of (of course) agents, the envi- and sugar capacity, where initially, the
ronment (a two-dimensional grid), and amount of sugar is equal to the sugar
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capacity. Whenever a patch is exploited,
These grid cells are randomly
the amount of sugar is decreased, but it initialized in order to introduce spatial
has a grow back constant that allows re- complexity in the simulation, as prestoring part of its sugar capacity.
sented in Figure 18.

Figure 18. Sugar spatial distribution.

Hence, as can be seen in Figure •
17, the darker cells represent patches
with higher sugar values, and the lighter ones patches with lower sugar values.

Hence, having these variables
randomly initialized, the agent actions
turn to be heterogeneous among them.
Moreover, they are placed randomly
within this grid, as is shown in Figure
19.

Moreover, individual agents that
have different states initialized randomly according to a uniform distribution
populate this grid:
•

•

•

Life Expectancy (defined by a range
of Minimum and Maximum Life
Expectancy)

Amount of stocked sugar (defined
Given that, agents can search and
by a range of Minimum and Maxgather sugar from cells within their viimum Initial Sugar Stocks)
sion range, they consume sugar from
Metabolism (defined by a range of their stock according to their metabMinimum and Maximum Metabo- olism and they die if they run out of
stock or if they achieve their life exlism rates)
pectancy—when they die, other agents
Vision (defined by a range of with random initial states replace them.
Minimum and Maximum Vision
Furthermore, they can explore
capability)
only one cell grid at each tick and they
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Figure 19. Spatial distribution of spatial agents.

spatial complexity, such as the introduction of another commodity (spice),
combat rules between agents, sex and
reproduction, genetic inheritance and
So, individual agents act with so on, but for the sake of this work, this
bounded rationality while exploit- basic set of rules exhibit the necessary
ing the patches, given the fact that the features to study the role of spatial comchoice of the patches is made according plexity in terms of rising long-range deto the distance and the highest sugar pendency properties.
value, but they do not coordinate their
To achieve that, the present auactions between themselves, which thors modified the original model in
would be establishing who will explore order to remove agent heterogeneity,
a specific site, leading to suboptimal by setting maximum and minimum
choices.
life expectancy to the number of simFinally, the execution order of ulation ticks (avoiding the generation
this model is such that agents perform of new random agents by death cause),
their respective operations according to and the same for vision, initial quantia pre-specified set of rules, and then, all ty of sugar and metabolism. Hence, all
operations within each cell grid are car- agents behave the same way, and they
are not replaced by another agent (as in
ried out.
It is worth mentioning that there the original model) with a random set
are also several other versions of this of characteristics, which may introduce
model that include more complex it- heterogeneity in the system.
select the cell grid according to the
highest sugar value. If several patches exist with the same value, the agent
chooses the closest one.

erations between the agents and more

Aiming at comparisons between
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a complex environment and a simple
environment, the present authors also
modified the code to allow the removal of spatial complexity, by setting all
patches identically and configuring the
sugar restoration parameter to be larger
than the agents’ metabolism. Moreover,
all heterogeneity between the patches
is removed by imposing the same sugar capacity values for all of them—all
patches having maximum capacity.

Furthermore, heterogeneity is imposed
over the patches by setting different and
random sugar capacities, where only
5% of the patches have the maximum
capacity.
Hence, this second configuration
produces a result much similar to a stochastic process.

In order to check such results, a
Gini coefficient time series was calculated over the food quantity that each
Consequently, in a first simula- agent has—in this case, sugar is the
tion, the system behaves like a stable Wealth in this simple artificial econointransient deterministic system.
my, simulated over 2,000 periods.
After that, in a second simulaThen, as can be seen in Figure
tion, the model is again modified, in 20, in the first discussed modification
order to generate spatial complexity. the system rapidly converges towards
To achieve that, the sugar restoration a fixed point. However, in the second
and sugar capacity parameters are set configuration, the system behaves like
to default values (identical to the orig- a stochastic process, producing long
inal model), keeping all agents initial- memory properties that are going to be
ly homogenous between themselves. discussed later.

Figure 20. Evolution of simulated indexes.
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memory properties of such process and
it was obtained the distribution presented in Figure 21, over 100 different
experiments.

Keeping in mind such stochastic properties observed in the second
configuration, the GPH (Geweke &
Porter-Hudak, 1983) procedure was
performed in order to analyze the long

Figure 21. Histogram of the parameter d.

As can be seen in Figure 21, there
is a strong evidence of the presence of
long-range dependency in the analyzed stochastic process. In this specific case, the mean of this distribution is
0.8418075 and its standard deviation is
0.02211333. It is also important to mention that the Künsch (1987) procedure
failed in the R package and consequently did not produce any result that could
be shown in this paper.

Furthermore, both V/S and R/S
Statistic Tests point out that all of the
100 generated samples have long-range
dependency, at a 95% confidence level. Hence, there is no doubt that long
memory behavior emerges in this case.

Therefore, from the case analyzed along this section, it is possible
to show that spatial complexity plays
a major role in the rise of long memory properties, when setting all agents
Additionally, it is also important behavior homogeneously and avoiding
to notice that the autocorrelation func- direct local interactions between themtion decays very slowly over the time, as selves—in order to try to avoid all faccan be seen in Figure 22.
tors discussed previously.
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Figure 22. Autocorrelation function plot.

Conclusions

tation of the individuals, due to the
fact that the later can be thought of as
n this paper, it was shown that it a linear approximation of the first case.
is possible to have long memory Hence, it was demonstrated that only
properties in variables that measure very high first-order autoregressive
aggregate behavior of the agents, by an- behavior (parameters greater than 0.9)
alyzing the presence of the fractional might lead to spurious long memory
difference parameter, as discussed in parameters. Keeping this in mind, the
the traditional literature, without the authors controlled the parameters of
need of economic/social frictions nor the first of three experiments to avoid
the presence of long memory behavior any spurious long-range dependency.
in the individual agents due to their reMoreover, statistical tests that
spective biological processing unit ca- take into account the presence of
pabilities (i.e. their brains).
short-memory components were also
Then, in order to show that, carried out (namely V/S Statistic Test
first, the perspective of having spuri- and R/S Statistic Test), in order to reinous fractional difference coefficients force such findings.

I

derived from first order autoregressive
Therefore, the authors conductstructures was discarded, which may ed three different computational experbe present in computational represen- iments from previous works, aiming to
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related to the possibility of generating
behaviors compared to smooth regime
switches, which is known to generate a
spectral density similar to a long-range
dependent phenomenon.

discuss the rise of long memory properties taken together behavior of the
agents, by simulating their individual
actions and interactions. These three
experiments were controlled for in order to remove any possible perspective
of conception biases, which may lead to
the construction of systems with long
memory properties. In other words,
the present authors choose experiments
built by other authors without such
analysis perspective, in order to show
that such properties may arise according to system features, instead of building models aiming to obtain long-range
dependency.

Furthermore, in the third experiment, in order to complement both
previous experiments, it was chosen
another model—adapted from Epstein
and Axtell (1996), where heterogeneity from the agents was removed and
direct interactions between them were
removed. Therefore, they only interact
with a space that depends on the spatial configuration that the authors set
up in order to control the presence of
Thus, in the first experiment, spatial complexity. Thus, such experiadapted from Jumadinova et al. (2011), ment suggests that spatial complexity is
it was shown that long memory prop- another interesting feature that plays an
erties usually arise from heterogeneity important role in the rise of long membetween agents in a world where space ory properties.
and topology/local interactions do not
Therefore, keeping in mind these
have any role.
three different results, it is possible to
In the second experiment, it was show that long-range dependency is a
studied a class of individual computa- feature that emerges from the system
tional simulations called Cellular Au- complexity and not necessarily arises
tomata, which aims to complement the from individual long memory capabilanalysis done in the first experiment. ities nor economic/social frictions and
Instead of having heterogeneous agents extends the idea of heterogeneity as
and a network that does not allow local a source of complexity, as usually disinteractions, it was chosen an experi- cussed in the traditional economic litment where all agents are homogenous erature (see Teyssière & Kirman, 2006).
(i.e. act the same way, using the same set
Nonetheless, it is worth makof rules) and they interact locally, pro- ing a final discussion here, as part of
ducing a global behavior. Consequently, perspectives for future work and analit was shown that local interactions of in- ysis. The traditional literature is fodividual homogeneous agents may pro- cused on building specific models that
duce long memory patterns observed in matches the spectral density of long
the global behavior, as a consequence of memory processes, showing possible
the implicit dynamics in the transition “confusions”and“misunderstandings”berules that drives each agent behavior, tween what is a real “long-range depen46
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dent” and a spurious process. This work
aims to be provocative in this sense.

gence of this system is very low.
By specifying and simulating
systems, the authors hope to inspire
others to discuss whether a system must
be regulated; whether an action should
be taken, in order to speed up the convergence towards an optimum.

It is hard to establish whether a
stochastic process is the true engine behind the data generation process, or just
a good approximation of its behavior,
especially in the second and third cases
here discussed. When systems like these
are built and studied, it makes more
sense studying them in terms of their
respective components that generates
such behavior (and study long memory as an emergent property) rather than
trying to find a plausible explanation on
top of the traditional toolset—which is
something hard to be made, as seen in
the second experiment.
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Abstract
We present a simple multiplicative model of economic development, according to which the level of economic development is
expressed in terms of the level of development of a large number
of interdependent institutions. The “weakest link in the chain” of
multiplicative terms determines the overall performance. The largest marginal benefits come from improving the weakest link. We
discuss a number of implications.
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Hágale caso al eslabón más débil:
un modelo de instituciones interdependientes
Resumen
Presentamos un modelo multiplicativo simple de desarrollo económico y de acuerdo con este mismo, el nivel de desarrollo económico se expresa en términos del nivel de desarrollo de un gran
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número de instituciones interdependientes. El ‘eslabón más débil
de la cadena’ de términos multiplicativos determina el desempeño
general. Los beneficios marginales más grandes vienen al hacerle
mejoras al eslabón más débil. Discutimos varias implicaciones.
Palabras Clave: Instituciones, asimetrías institucionales, desarrollo tecnológico, emprendimiento, frontera tecnológica

留意最薄弱的一环：相互依存机构模型
摘要
笔者提出了一种关于经济发展的简易乘法模型，在此模型
中，经济发展程度会以许多相互依存的机构（interdependent
institutions）的发展程度而得以体现。乘法术语“链条中最
薄弱的一环”（weakest link in the chain）决定了整体表现。
提高最弱的一环才能产生最大的边际利益。笔者探讨了一系
列意义。
关键词：机构，机构间不对称，技术发展，企业家精神，技
术前沿

[A] period of rapid growth does not materialize overnight simply because an institutional barrier to industrialization has disappeared. Such a period requires a simultaneous development of
complementary efforts in many directions. The component elements of growth in the individual industrial branches must be adjusted to each other.
Gerschenkron (1962, p. 125)
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1. Introduction

planatory variables, there are still many
potential determinants of growth that
remain omitted.

I

nstitutions are a major determinant
of economic development (Acemoglu & Robinson, 2005; North, 1990).
There are a large number of factors that
are important for economic growth
(Lipsey, 2009). Some authors have emphasized the importance of political
stability and property rights (Kormendi
& Meguire, 1985), or levels of skill and
human capital (Kremer, 1993). Others
have emphasized the importance of factors as diverse as the role of law, industrial innovation, human rights, trust,
efficient financial markets, effective labor markets, and so on (see e.g. Easterly
and Levine (2001) for a survey). The list
is indeed long. In this paper, we focus
on two characteristics of institutions—
that they are numerous, and that they
are interdependent.2

The remainder of the paper is
set out as follows. Section 2 provides
an illustration of the basic intuition of
the model, which is presented in mathematical terms in Section 3. Section 4
investigates one of the implications of
the model relating to the distribution of
GDP per capita. The implications of the
model are discussed in Section 5, and
suggestions for further research are given in Section 6.

2. A Thought Experiment

T

o illustrate the intuition behind
our theoretical model, consider the following thought experiment. Bill Gates wants to start his
business in a developing country. The
attractiveness of such an endeavor depends on a long list of factors including:

Table 1 provides a brief literature
review of some influential empirical
investigations into the determinants
of economic growth. A large number
of factors have been included as candidate factors explaining economic
growth, and we also observe that different authors have sought to explain
economic growth in terms of different
sets of factors. Even when a long list of
independent variables is included, the
explanatory power (i.e. the R2) of the
regressions does not rise above about
60%. Even including a long list of ex2

•

Efficient public authorities that
don’t make entry costs too high,
don’t ask for bribes, and won’t expropriate successful businesses

•

Reliable supply of electricity, raw
materials, and spare parts

•

Good transport networks that enable the commuting of employees
and the distribution of final output

Our paper thus has many similarities with the “O-ring” production function introduced in Kremer
(1993). However, many differences between our approach, and Kremer’s, can be mentioned. Kremer
has a production function-based approach (see his equation (1)). Here we just have a sum of random terms. Kremer insists on skill, here we take a wider view and focus on institutions. Kremer
shows no empirical evidence. Kremer says that n can be increased (pp. 561–562), but in fact if we
make n a random variable this will have an effect on the resulting distribution, taking it away from
lognormal. For example, if n is exponentially distributed, the distribution tends to a Pareto (Coad,
2010; Reed, 2001).
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Table 1. A survey of some previous empirical investigations into the determinants of
economic growth
Dependent variable

Independent variables

Kormendi and
Meguire (1985)

Output growth

Initial per capita income, Population growth, Standard
deviation of growth, Money supply, Standard deviation of
money supply, government spending, Exports, Inflation

Levine and Zervos
(1998)

Output growth

(Adjusted) R2

N

0.63

43

Bank credit, Share turnover, Initial output, Enrollment,
Revolutions and Coups, Government, Inflation, Black
Market

0.5

42

Distance from equator, trade share, English-language,
European-language

0.6

127

Hall and Jones
(1999)

log (output per worker)

Burnside and Dollar
(2000)

Output growth

Initial GDP, Ethnic fractionation, Assassinations,
Institutional quality, M2/GDP, Budget surplus, Inflation,
Openness, Aid, Regional dummies

0.35

275

Folster and
Henrekson (2001)

Growth of GDP per
capita

Taxes, Initial GDP/capita, Investment, Schooling, growth
of labor force, Unemployment

0.46

115

Growth of GDP per
capita

Globalization, Log (per capita GDP), Secondary school
enrolment, life expectancy, fertility rate, investment, Govt
consumption, Rule-of-law index, Inflation, Terms of trade,
political rights, civil liberties, democracy

0.43

426

Dreher (2006)

•

Relatively efficient capital markets

•

Low crime (so employees won’t be
robbed on the way to work)

•

Macroeconomic stability (e.g. no
hyperinflation)

•

Efficient fluid labor market that includes skilled individuals (which in
turn requires an adequate education system)

•

Property rights that are respected

•

Good police and judicial systems

•

Consumer confidence in the ability
to obtain after-sales service after the
purchase of faulty products

broad-based support on a large number of dimensions. In this perspective,
the success of an economy cannot be
attributed to just one actor (the entrepreneur), but it is very much a collective effort. Therefore, it is the strength
of societies, rather than the strength of
any one individual, that determines the
level of economic development.

3. Institutions as
Multifaceted and Having
Multiplicative Interactions
3.1 Simple Theoretical Model
We now formalize the main ideas of the
paper.
Proposition 1: Institutions are multidimensional. We denote a particular
institution by xi, where i ∈ 1 ∙∙∙ N. The
variables xi are independent and identically distributed (i.i.d.). We posit that
N is large.

... and so on. Failure in any one of these
dimensions could seriously hold up
the venture. A low value for any one
of these reduces the overall desirability of setting up a business. In order to
be successful, the entrepreneur requires
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Proposition 2: Since each institution
has a proportional influence on the
overall outcome, we adopt a multiplicative (rather than additive) specification
to account for the high degree of interdependence.

Furthermore, we introduce a
multiplicative nature for the interactions of institutions, instead of an additive nature, because failure in any one
dimension could have serious consequences for the entire system (in analogy to the chain snapping at its weakest
link). Interestingly enough, this implies
that while success is a collective action,
failure is more easily seen to be due to
certain specific factors.

The overall economic output Y,
measured in terms of GDP per capita, can therefore be represented by the
product of each individual institutional
dimension, and can be written as follows:

Hence we obtain a lognormal distribution of GDP per capita:

forming institution (scoring 0.1). In
this model, this economy will perform
worse than an economy with medium-performance institutions (scoring
0.6 in each dimension) even if the sum
of resources in the first economy (0.9 +
0.9 + 0.9 + 0.1 = 2.8) is higher than the
sum of resources available in the second
economy (0.6 + 0.6 + 0.6 + 0.6 = 2.4).
To summarize Table 1: if all relevant dimensions score highly, the
business will succeed. If all but one rel3.2 A Numerical Example
ative dimension scores highly, but one
Table 2 helps to further illustrate the dimension performs very poorly, the
multiplicative specification.
business will have great difficulties. If,
Consider the case where an econ- however, each dimension has an interomy has three high-performance insti- mediate score, the business will do bettutions (scoring 0.9) and one low-per- ter than in the previous scenario.

(Incidentally, Equation (2) resembles the usual regression specification adopted by empirical investigations into the determinants of economic
growth.)
Since the log(xi) are i.i.d. distributed, Central Limit Theorem implies
that Log(Y) is normally distributed,
and hence that GDP per capita is lognormally distributed.
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Table 2. Multiplicative interdependent institutions. A numerical illustration is provided,
where a high score is 0.9, a medium score is 0.6 and a low score is 0.1

Ease of entry
(wrt entry
costs)

Absence of
corruption

x1

Efficiency of
credit markets

x2

HI

x3

HI
0.9

LO

LO

LO
0.1

0.9
HI
0.9
MID
0.6

0.9

0.1

0.9

0.9
MID
0.6

The economy characterized by
unequal institutions would do better to “heed its weakest link”, because
the marginal benefits of improving
the weakest institution are larger.
The total economic output can be expressed as the product of the constituent institutions:
.
The marginal effects of improving institution i can be expressed as

0.0729
difficult

0.1
MID

0.6

0.0729
difficult

LO

0.9

0.0729
difficult

HI

HI

MID

0.9

0.9

0.9

0.0001
difficult

HI

LO

HI

0.1

0.9

0.1

0.6561
very difficult

HI

HI

HI

0.9

0.1

0.9

0.9

successful

LO

HI

LO

HI

0.9
LO

HI

HI

HI

0.1

Business
performance

x4

HI
0.9

0.1

Efficiency of
labor market

0.0729
feasible

0.6

0.1296

In other words, the marginal
contribution of one institution is determined precisely as the product of all of
the other institutions. This highlights
the extreme degree of interdependence
in this model.
These marginal effects are calculated and reported in Table 3. In the
case of unequal institutions, we see that
the marginal benefits of improving the
weakest institution (0.729) are much
larger than those of improving the other institutions (0.081).
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Table 3. Marginal benefits of improving specific institutions
Ease of entry
(wrt entry
costs)

Absence of
corruption

x1

Efficiency of
credit markets

x2

HI

x3

HI
0.9

Efficiency of
labor market

Business
performance

x4

HI

LO

difficult

0.9

0.9

0.1

0.081

0.081

0.729

0.0729

Marginal effects:
0.081

Figure 1. The world income distribution: kernel density based on our elaboration on IMF
data for the year 2009 (Epanechnikov kernel, bandwidths shown).

4. The Empirical Distribution
of GDP Per Capita

Amaral, Canning, Meyer, and Stanley
(1998) provide some tentative evidence
in favor of a lognormal. In Figure 1, we
s the lognormal distribution a good see a kernel density of the distribution
approximation for the distribu- of (log of) GDP per capita, based on
3
tion of world GDP per capita? Lee, IMF data for 181 countries in 2009.

I
3

See http://www.imf.org/external/pubs/ft/weo/2010/01/weodata.
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At first glance, the distribution of log
GDP per capita appears to be roughly
approximated by the unimodal Gaussian (which implies a lognormal distribution of GDP per capita).

To conclude, we find a significant
degree of dispersion in the distribution
GDP per capita, with the distribution
appearing to be roughly unimodal and
symmetric once logarithms are taken,
Taking a finer-grained kernel which indicates some degree of accord
bandwidth, however, shows some un- with the predicted lognormal distribuderlying noise in the distribution. The tion. The empirical data do not fit the
empirical density has a skewness of lognormal density perfectly, howev0.04386 which is close to the Gaussian er, as shown by formal statistical tests.
value of 0, but the kurtosis (2.0537) is While we consider that the lognormal
lower than the Gaussian value of 3. For- gives an acceptable first approximation,
mal normality tests of this distribution further refinements to the basic model
can be found in Table 4. The p-values would be helpful in providing a closer
are sufficiently low for us to reject the fit to the empirical density.
hypothesis of (log)normality.
Table 4. Testing for (log) normality
Shapiro–Wilk
Shapiro–Francia
SK test

W

V

Z

p-value

Obs.

0.97457

3.478

2.854

0.00216

181

W’

V’

Z

0.97819

3.226

2.427

0.00761

181

Pr(skewness)

Pr(kurtosis)

Adj. χ2(2)

0.803

0.000

19.10

0.0001

181

5. Implications of the Model

by rational agents (Ghoshal, 2005). Instead, it emphasizes interdependence
and collective action, in the context of
broad-based institutional support. Economic development depends on the
strength of societies and their institutions (Acemoglu & Robinson, 2012),
rather than the strength of individuals.
The success of the individual depends
on a much wider collection of institutions on which the individual is dependent. Therefore, our model suggests that
inequality in the levels of development
of institutions should be kept low. We

A

number of implications can be
drawn from this simple model:

1. Our model suggests that economic
success is a collective outcome, it is a
team effort, rather than due to one rational individual acting alone. Our approach differs from the conventional
economic view in that it doesn’t emphasize how non-cooperative behaviour is
the “winning” strategy to be chosen
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all depend on each other. No one wants resources to continued investment in
a butcher with no idea of hygiene, a infrastructure projects of decreasing
utility (Ansar, Flyvbjerg, Budzier, &
careless brewer or a thieving baker.
Lunn, 2016; Fernandez-Villaverde, Gar2. Economic growth is very complex icano, & Santos, 2013). Austerity and
and thus are very hard to influence. fiscal tightening may have its advantagImprovements in one particular in- es, but pursuing austerity excessively
stitution may not have any detectable may be ineffective (Corsetti, 2012). Inimpact in aggregate economic statistics stead, the representation here suggests
(as in Solow’s famous paradox that “We that governments would do better to
see computers everywhere except in the aim for a coherent set of institutions,
productivity statistics”). In this paper, where each institution is at a compawe give one explanation for why macro- rable level of development, and then to
economic growth regressions typically identify their weakest institutions and
cannot account for the majority of vari- try to improve these. Indeed, instead
ance (i.e. the associated R2 statistics are of standard off-the-shelf one-size-fitsnot particularly high). On a more prac- all recommendations, such as financial
tical level, we also give a justification for deregulation or austerity, appropriate
using log transformations for variables policy recommendations will probably
in regressions. (This is because a log differ by country and by time period.
transformation converts a multiplica- Relatedly, a nation should not become
tive specification into an additive spec- obsessed with improving the same inification, and multivariate regressions stitutions over time. The more time a
are based on an additive specification nation spends improving a specific inframework.)
stitution, the lower will be the marginal
benefits of further improvements in this
3. Due to the interdependent nature of direction. The same policy should not
institutions, policies, such as those as- be pushed too far. Policies that worked
sociated with the “Washington Consen- well in the past may be ineffective in the
sus” that focus disproportionately on future. It might, therefore, be beneficial
the development of a narrow range of to periodically reevaluate the direction
institutions without paying due atten- of the thrust of economic policy, in the
tion to the other institutions, will prob- context of 5-year or 10-year plans, for
ably not succeed in the long run. For example.
example, although a little bit of financial deregulation may be a good thing, 4. Our model implies that the world
nevertheless prolonged financial dereg- technological frontier should be deulation may be ineffective or harmful fined in terms of its ability to produce
(Cassidy, 2008). Investment in large complex technologies (e.g. high-speed
transport infrastructure projects could trains, high-quality public transport,
be initially effective, but there is a risk hybrid cars, modern housing), and not
that governments may devote too many in terms of narrowly-focused technolo59
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gies such as “Facebook” and “Snapchat”.
This is because complex technologies
are much more difficult to produce
than narrower technologies, because
these latter are compatible with a high
degree of inequality in a country’s level of economic development. Furthermore, in our view, the technological
frontier should not necessarily be defined in terms of GDP per capita. Some
western countries have high levels of
GDP per capita, combined with low
scores in terms of provision of basic
goods.4 High GDP per capita is often
a feature of “pay-as-you-go” societies
where trust is low, individuals have to
pay for what would otherwise be public
goods, and must frequently repair and
replace their low-quality goods. High
GDP (in the short run) is also compatible with environmental degradation
(such as air, water, and noise pollution),
inefficient government and healthcare
sectors, and growing indebtedness (Stiglitz, 2009).
5. Our model has implications for
entrepreneurship policy. Entrepreneurship “zealots” often assume that
entrepreneurship makes a positive
contribution to economic growth, although a closer investigation of the
matter finds no such causal effect
(Beck, Demirguc-Kunt, & Levine,
2005; see also Blanchflower, 2004). We
suggest that entrepreneurial success
does not rely on individual efforts, but
depends mainly on the degree of development of the entire society. Entre4

preneurship may, therefore, be easier
in more developed countries. Indeed,
this may explain observations that
entrepreneurship rates are higher in
developed countries, even though entrepreneurship makes no causal influence on economic development (Beck
et al., 2005). In developing countries,
which are farther from the world technological frontier (and hence rely less
on innovation and more on scale and
investment), the appropriate industrial
policy would be reliant on large firms
rather than entrepreneurial SMEs (Acemoglu, Aghion, & Zilibotti, 2006). Individuals in developing countries with
exceptional entrepreneurial talent may
well do better to migrate and start their
business in a developed country (to the
benefit of the developed country) rather than remaining in their home country, where institutional support is low.
6. There are also implications for a theory of value. Economic performance depends on many individuals at all levels
of the economy, and to reflect this our
model would suggest that profits should
be widely distributed throughout the
economic system rather than concentrated among any particular minority.

6. Extensions to the Model

F

urther work could evaluate more
rigorously the theoretical predictions in real-world contexts.

One possible avenue of further
work could be in moving from a uni-

For example, basic goods such as the reliable provision of electricity and drinking water; availability
of public transport; level of average education; life expectancy; rates of obesity (which is a form of
malnutrition); rates of child poverty; crime; quality of housing (e.g. whether houses have well-functioning showers, double-glazed windows, reliable plumbing).
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Abstract
We investigate how a governmental agenda can penetrate easily inside various sectors. Our case is Health in All Policies in Quebec,
Canada, between 2001 and 2012. Over 60 interviews and 100 documents were analyzed. We specify themes of Morin’s metatheory of
complexity (dialogy/hologram/recursivity) to uncover the dynamics at stake and current tendencies. Results are the identification of
(1) the dynamics within public administrations that support and
limit the establishment of a specific agenda into sectors and (2) the
unlocking strategies to move beyond established dynamics. We suggest that the permeation of such an agenda can benefit from a complexity lens, and we propose the practical implications for managers
implementing such an agenda across sectors. Categories for a potential performance assessment framework of the establishment of
said agenda, relate to learning process, episodes of communication,
and permeability to innovations. A model of implementation of an
interministerial policy within government is developed.
Keywords: policy implementation, health in all policies, agenda,
dynamics
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Un estudio de caso de complejidad: la
implementación de una política interministerial—
una perspectiva desde adentro del gobierno
Resumen
Investigamos cómo una agenda gubernamental puede penetrar
fácilmente dentro de varios sectores. Nuestro caso es Salud en todas las políticas de Quebec, Canadá, de 2001 a 2012. Se analizaron
más de 100 documentos. Especificamos los temas de la metateoría de la complejidad de Morin (diálogo/holograma/recursividad)
para descubrir la dinámica en riesgo y las tendencias actuales. Los
resultados son la identificación de (1) la dinámica dentro de las
administraciones públicas que apoyan y limitan el establecimiento
de una agenda específica a sectores y (2) las estrategias de desbloqueo para ir más allá de la dinámica establecida. Sugerimos que la
permeación de una agenda así puede obtener beneficios desde un
enfoque de complejidad y proponemos las implicaciones prácticas
para los gerentes que implementen una agenda así en una variedad
de sectores. Las categorías para un marco de evaluación de desempeño potencial del establecimiento de una agenda así están relacionadas con el proceso de aprendizaje, episodios de comunicación y
la permeabilidad a innovaciones. Un modelo de implementación
de una política interministerial dentro del gobierno es desarrollado.
Palabras clave: implementación de políticas, salud en todas las políticas, agenda, dinámica

一项复杂性案例研究：从政府内
部视角看待部际政策的实施
摘要
笔者调查了一项政府议程如何能轻松渗透不同部门。本文研
究的案例是2001至2012年间加拿大魁北克省的“将健康融入
66
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所有政策”（ Health in All Policies）。本文分析了60多次访
谈和100多份资料。笔者确定了莫林（Morin）关于复杂性（
对话/全息/递归）提出的元理论所包含的不同主题，用以揭
示处于风险中的动态和当前趋势。分析结果识别了：（1）
公共行政在支持和限制部门内建立特定议程时的动态和（2
）超越既有动态时所需的战略。笔者暗示，这类议程的渗透
能从复杂性中获益。同时笔者提出了一些实际意义，用于实
施此类跨部门议程的管理者参考。同时笔者为实施此类跨部
门议程的管理者提出了实用建议。关于上述议程建立的潜在
表现评估框架分为几种，它们和政策学习过程、沟通情景以
及对创新的渗透三者有关。本文提出了一种用于政府内部际
政策实施的模型。
关键词：政策实施，将健康融入所有政策，议程，动态

Introduction

H

ealth has long been acknowledged as the result of socio-economic-environmental
forces (OMS/WHO, 1978). Collective
multisectorial efforts are required and
the Health in All Policies (HiAP) movement has been presented as a valid answer to move the health agenda forward
(Stahl, 2006).
HiAP refers to an intersectorial
approach where health is considered
in any relevant policy (Stahl, 2006).
The state of HiAP implementation has
been a topic of much attention (Ollila, 2011) with several experiments
detailing drivers, pitfalls, (Kahlmeier,
Racioppi, Cavill, Rutter, & Oja, 2010;
Steenbakkers, Jansen, Maarse, & de
Vries, 2012; Storm, Aarts, Harting, &
Schuit, 2011; Storm, Harting, Stronks,
& Schuit, 2014; Wismar, Blau, Ernst,

& Figueras, 2007) or tools developed
(Mooy & Gunning-Schepers, 2001; Rudolph, Caplan, Ben-Moshe, & Dillon,
2013). Required capacities include engaging decision makers, setting awareness-raising activities, and so forth
(Freiler et al., 2013). The unfolding of
the HiAP strategy over time inside public administrations would benefit from
closer attention. How health actors can
address contradictory demands, like being intersectorial in their approach but
facing silo habits, remains to be understood. We propose to look within the
process, meaning to uncover how HiAP
unfolds over time: this includes examining the specific dynamics at stake and
the unlocking strategies put in place by
the health sector to influence relevant
sectors.
The main target of this article is
academics. We also aim to empower
the management of HiAP by providing practical implications. The second
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target is managers involved in implementing reforms within a pluralistic
environment.
We use the example of HiAP in
the Canadian province of Quebec to
derive a deeper understanding of the
permeation of an agenda, HiAP, in
real settings within each sector of the
administration. Starting in 2001, all
ministries were asked to carry out prospective evaluations of new projects
and find alternative ways to mitigate
negative effects and enhance positive
ones (MSSS, 2008). The Minister of
Health in Quebec acts as a consultant
or (adviser) for other sectorial ministries and can constrain all ministries to
refer to the health minister. Many ac-

tors contribute: the Ministry of Health
(Ministère de la Santé et des Services
sociaux) supports and increases fellow
ministries’ awareness of HiAP (through
developing pamphlet layouts, supporting Health Impact Assessment analysis
(HIA), etc.); the executive council office
has a team to support ministries in general and HiAP in particular; and a group
of ministry representatives (known as
R54) distributes health information to
the respective ministries, and university and affiliated long-term research
partnerships to supply decision makers
with evidence (Smits, Préval, & Denis,
2016) (see Table 1).
This article focuses on how a governmental agenda can percolate, during

Table 1. Brief history of HiAP in Québec 2001–2012

2001–ongoing:
Adoption of article A54 within the policy of public health
Strategy and actions related to implementing A54 (network of
respondents across ministries, development of analytic grids for
partner ministries)
Strategy and actions related to knowledge development and transfer
(publication of notes, scientific articles, etc.)
2008–ongoing:
Realization of HIA studies
Follow-up and evaluation of the implementation of HiAP
2011–ongoing:
Reflections on horizontal dynamics for the administration (integrated
impact assessment, etc.)
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Table 2. Ministries and scientific collaborating institutions reached for data collection

Ministries

Scientific collaborating institutions

Ministry of Health (i.e., MSSS)

National Institute of Public Health
(i.e., INSPQ)

Ministry of Family (i.e., MFA)
Ministry of Local Development (i.e.,
MAMROT)
Ministry of Executive Council (i.e.,
MCE)
Ministry of Transport (i.e., MTQ)
Ministry of Economic Development
(i.e., MDEIE)

Research Council (i.e., FRQ)
National Collaborating Centre for
Healthy Public Policy (i.e., CCNPPS)
University Laval (i.e., ULaval)
School of Public Administration (i.e.,
ENAP)

Ministry of Natural Resources (i.e.,
MNRF)
Ministry of Work (i.e., MT)
Ministry of Culture (i.e., MCCCF)
Ministry of Education and Sports (i.e.,
MELS)
Ministry of Sustainable Development
and Parks (i.e., MDDEP)
Ministry of Social Solidarity and
Employment (i.e., MESS)
Ministry of Agriculture (i.e., MAPAQ)
Secretary Board (i.e., SCT)
Ministry of Justice (i.e., MJ)

its early stage of implementation, within the relevant sectors of an administration. First, we present the lens we used
(a complexity metatheory) to analyze
how a governmental agenda permeates
within sectors. Second, we expose the
dynamics at stake: their characteristics, their evolution, their current state.
Third, we extract practical benefits for

managers, both practitioners and policymakers, and derive a performance
assessment framework for the management of HiAP.

Methods

W

e studied a single in-depth
case (see Table 1).
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plex phenomenon—the dialogic principle, the recursive principle, and the
hologrammatic principle. The first principle, the dialogic principle (A), refers
to the complementary and antagonistic
functions of adaptation to the environment (subprinciple A1) and maintaining one’s identity (subprinciple A2).
The second principle, the recursive
principle (B), refers to the inner energy
of a system where one can be a means
(subprinciple B1) and an end at different points in time (subprinciple B2).
The third principle, the hologrammatic
principle (C), generally represents the
integration of outside features or logics
(whole in parts) (subprinciple C1) and
the transposition of some inner features
or logics to others (parts in whole) (subprinciple C2).
One person oversaw coding interviews with QDA Miner v 4.0; another
coded document. Coding consisted of
identifying facts, resources, conditions,
activities, and results that illustrated
each of the principles and subprinciples. A summary table of data related to
each subprinciple is available (Table 3).
That was the first step of analysis. Morin also refers to the above principles as
being in movement, evolving over time
(Morin, 2005, p. 101). The second step of
the analysis consisted in identifying the
movements at stake: how each subprinciple was enhanced or constrained. One
person was in charge of reorganizing
outcome-related data into coherent stepwise processes that impede or reinforce
a subprinciple (thereafter named loops)
(Cairney, 2012; Coyle, 1983, 1996).
The third step of analysis consisted in weighting the relative im-

The data collection included
semistructured interviews conducted between 2009 and 2012, and documentation of varying publication
dates, collected in 2012. Data included
100 documents (annual management
reports, strategic and action plans of
ministries, working documents) and
61 interviews with key actors of the
reform (86.7% of interviewees were
from 15 ministries and 13.3% from 5
scientific collaborating institutions).
Ministries and scientific collaborating
institutions reached are listed in Table
2. Data are complementary. Interviews
were recorded, lasted between 31 minutes and 1 hour 58 minutes, and were
fully translated.
To help guide the analysis, Morin’s metatheory of complexity was mobilized (Morin, 2005). Morin’s metatheory presents the advantages of (1)
integrating several units of analysis,
for example, one administration and
cross-administration structures; (2)
taking into account the interactions of
implementation structures and processes with the external environment
instead of focusing solely on the structure of the implementing agencies; (3)
situating events in a timeline where
they are generated and producing outcomes over time; (4) presenting the
conciliation of opposing dynamics,
such as adapting to contingencies but
conserving part of the status quo settings; and (5) postulating all the above
as part of an integrated understanding
of complex systems.
Morin (2005) refers to three
principles, subdivided into two subprinciples each, to understand a com70
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Table 3. Summary of data collection
Principle

Subprinciple

Subprinciple

Dialogic
principle (A)

Adaptation
Thoughts about moving from HIA to
integrated impact assessments

Reproduction of identity
Presentations to executive
council office (MCE), jurists,
ministries

HIA on regional project development
Research funds and scientific production
targeted to current topics of political
interest and upcoming trends

Standardizing tools for HIA
Training sessions on how to use
the HIA guide

Creation of a communication road to ease
dialogue with MCE
Adapted discourse from public health
actors
Recursive
principle (B)

Producer
Individual sensitivity to public health
issues and determinants
For some ministries and MCE, acquired
automatism to consult ministry of health
Some organizations change their reports
(e.g., scientific leaflets)

Hologrammatic
principle (C)

Whole in parts
Limited consideration for public health
from public interventions of some
ministries
R54
The presence of health representatives
inside different ministries as a translation
of the importance of health for the
population
Horizontal governance not a frontline
concern

Receiver
Request for comments
Acknowledgement of partner
ministries’ realities
Ease of interacting with different
ministries whose sectorial
mission relates to a single
determinant
Parts in a whole
Public health either absent or a
peripheral addition rather than a
part of integrated policies
Health barely included in
ministerial plans.
Little ultimate influence of data
related to public health issues
North Development (Plan Nord)
integrates HIA upon suggestions
from the ministry of health.
Launch of discussions on
integrated impact assessment
Formal and informal occasions
for exchanges on health
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portance of each subprinciple. Morin
(2005) highlights that subprinciples do
coexist, each one being the necessary
counterpart of the other. One person
considered the last actions taken and
the upcoming actions, triggers and the
capacities of managers to develop such
trends, and for which subprinciple most
of actions stood. Three other individuals discussed, challenged, and validated
the analysis at each step.

Results

F

or each principle, we illustrate
how the percolation of HiAP
presents features of each subprinciple, the dynamics of each subprinciple
(also named loops), and the current relative weights of the subprinciples (Figures 1–3).
Results on the Dialogic Principle:
Adaptation and Reproduction of HiAP

The construction of the systemic model provides a comprehensive
framework (including the organizational, individual, and environmental
dynamics at stake) and an overview of
the analysis. It also offers material for
the validation of and future adjustments
to a model for implementing an interministerial policy within a government.
The systemic model combines analytic
pieces: we integrated loops that impede
and reinforce dialogy, recursivity and
hologrammology, managers’ capacities,
and triggers. Vicious and virtuous circles were drawn by one author and then
discussed with an expert in dynamic
modelling for clarification and adjustments.

Dialogic subprinciples. In general terms,
the dialogic principle refers to systems
that adapt while keeping some identity
features. For HiAP, adaptation consists
in repositioning the way the Ministry of
Health is acting to be better accepted by
sectorial ministries. Reproduction consists in pushing the public health voice
forward, multiplying presentations in
sectorial and central ministries. Both
adaptation and reproduction occur simultaneously during sectorial turfs and
repetitive and comfortable pattern of
acting. They co-exist and are reinforced
in two-way loops: one loop is the engine for adaptation, and the other is the
engine for the status quo of reproduction. Both loops challenge an administration’s rigidity and its capacity for
external intake.

We studied how HiAP permeates through sectors, collecting data
in all sectors, with various degrees to
operationalization and institutionalization of HiAP. Therefore, we do not
necessarily have a specific example that
unfolds for each of the principles. Instead, we built upon various empirical
situations related to HiAP to provide an
initial basis.

Dialogic loops. The loop for adaptation
answers the question “How do we reach
higher adaptation?” It can be summarized as follows:
1. More environmental scanning
capacities from the Ministry of
Health allow for earlier detection of
opportunities.
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2. Earlier detection of opportunities “How do we reach higher reproducbrings early collaborations before tion?”
projects are decided.
1. Interministerial discussions based
on historical habits favor “preach3. Early collaborations before projects
ing to the converted”.
are decided to reinforce horizontal
strategic positioning and acting.
2. Preaching to the converted favors
few new partnerships.
This loop, the engine for adaptation, allows for an increasingly better
3. Fewer new partnerships favor the
fit between public health actions and
stability of public health concerns,
the external environment. Indeed, the
communication channels, and hisMinistry of Health is developing capactorical habits.
ity for scanning the environmental potential for sectorial actions concerned
This loop, the engine for the
with public health issues: strategic sur- status quo, encourages a limited posiveillance of upcoming projects, pro- tion of public health in debates. Interactive involvement in developing new ministerial discussions by professionprojects (e.g. production of scientific als and managers are based on habits
literature on upcoming issues such as (e.g. existing official agreements for
shale gas exploration), and a study on regular exchanges between some minoptions to incorporate public health istries and interactions based on ongointo integrated impact assessment pro- ing projects). The counterpart of such
cedures. The reinforcement of hori- links is the facilitation of preaching to
zontal strategic positioning and acting converted ministries and individuals
brings about more potential influence (e.g. interactions with socially “health
by the Ministry of Health on future friendly” oriented ministries) where
developments and on decisions of the projects and links are already well
government and ministries, or on in- rooted.
terministerial actions (e.g. the Ministry
of Health initiated brainstorming ses- Dialogic relative weights. Although both
sions on integrated impact assessment loops are at play, the actual trend seems
at the government level). Eventually, to be toward external adaptation to
the ministry will increase its capaci- outside needs: “One time we prepared
ty and opportunities to act on public a report we wanted to present to the
health issues (e.g. after brainstorming office of public hearing about the envisessions, HIA was introduced in a re- ronment”. An unusual step has recently
gional development project that would been taken to break down or counterhave started without any health-related act the loop toward the long-standing
analysis).
status quo with a proactive initiative to
The loop for the status quo, sum- work on developments managed by the
marized below, answers the question Ministry of Economic Development.
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Such a shift was triggered by
an opportunity window. Indeed, some
events unfolded, like the opening of a
hearing where health can take a voice.

Such opportunities are now under surveillance so health could be an add-on,
gaining some visibility in fellow ministries and across sectors.

Figure 1. Dialogic dynamics of HiAP within Québec government.

Such a trend, an openness toward
external events and examples for actions toward adaptation, and acknowledging the limits of existing patterns,
are all HiAP realities. Therefore, HiAP
must be aware of, and responsive to, the

options offered in its environment and
political turmoil. We suggest practical
implications for managers: that managers consider the permeability to innovations, particularly, as we have seen in
the case in Quebec, the development of
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3. More shaping favors more acceptability for giving resources for transversal actions that include health.

ad hoc tools (e.g. interactions between
transportation and health), daring to
connect outside borders (e.g. interaction with executive council office), and
the adoption of external considerations
(e.g. modifications to accommodate
agricultural industry realities). Such
capacities can be followed up by indicators such as the percentage of sector-based adapted tools over newly developed tools.

The Ministry of Health and its
scientific partners use soft/influential
power (e.g. agreement to produce a determined number of studies on health
issues) and knowledge-based influences
(e.g. lay documents on healthy habits,
international scientific dissemination
streams) to convince civil servants and
citizens of the importance of public acResults on the Recursive Principle:
tion on health issues (e.g. attention called
HiAP as Producing and Receiving
to the absence of significant health imRecursive subprinciples. In general pacts on new projects). Such a wide tarterms, the recursive principle refers to get audience increases acceptability for
systems that both generate (producing) giving resources for transversal actions
and get impacted (receiving), being re- (e.g. scientists received dedicated funds)
spectively a means or an end. In a pro- and for the integration of health conducing mode, HiAP is creating some cerns (e.g. the executive council office
concerns for health in some policies, asks for the inclusion of health impacts
activities, and reports. In a receiving in sectorial ministry proposals sent to it,
some civil servants in other ministries
mode, HiAP is itself reformatted acare now providing more details about
cording to sectorial needs and vocabpotential health impacts than before).
ulary. Both loops are challenging an
These actions aim, in the long run, to
administration’s capacity of internal
shift the norms and create greater incross-influence.
terest among civil servants and citizens
Recursive loops. The loop for HiAP as a (including politicians) in public choices
producer is summarized below, answer- that might impact health.
ing the question “How does HiAP proThe loop for HiAP as a receiver
duce more actions and impact?”
can be summarized as follows, answer1. Distributing more lay information ing the question “How do HiAP get
shaped?”
and evidence on health, increases
awareness of health issues among 1. Pushing for inclusion of health in
the public, professionals, and decisectorial strategies favors contacts
sion makers.
between other ministries and the
Ministry of Health.
2. More awareness favors more shaping of decisions and agendas that 2. Contacts bring opportunities to develop collaborations.
take health into account.
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3. Opportunities to develop collaborations favor increased knowledge
about sectors.

In terms of practical implications, we suggest that managers consider HiAP as a learning process—for
instance, one like what we observed in
our case study, which included scientific feedback (e.g. from the scientific
community), provision of coaching/
training (e.g. training sessions in HIA),
and leading by example as a means of
learning (e.g. intensity of politico-administrative involvement for HIA). Indicators, such as the number of activities for bidirectional learning and the
existence of explicit support to transfer
knowledge across sectors, could help to
track this specificity of HiAP.

The executive council office encourages early calls to the Ministry of
Health from sectorial ministries. These
reinforcing and developing habits of
consulting with the Ministry of Health
encourage the flow of information early on and favor upstream interventions
by and collaboration with public health
actors when possible (e.g. asking for
comments on early versions of a project rather than waiting for the executive
council to call for a consultation with
the health sector). Similarly, ministries
might call each other to receive input.
Such interactions are affecting the Ministry of Health. Altogether, sectors are The Hologrammatic Principle: HiAP
more knowledgeable of one another. as a Part and a Whole
HiAP must be run as a learning process.
Hologrammatic subprinciples. In genRecursive relative weights. As of 2012, eral terms, the hologrammatic princiboth loops were effective in HiAP. How- ple refers to systems that can be found
ever, the Ministry of Health seems to similarly functioning on different scales
place increasing emphasis on HiAP as integrating outside logic (whole in
a producer rather than as a product re- parts) and where systems influence and
ceiver: HiAP related tool (HIA) was pre- transpose some of their inner features
sented for upcoming developments. A or logic to others (parts in a whole) in
weight on means was finally made pos- a persistent perspective. For HiAP, the
sible in the specific context of a 10-year- subprinciple “parts in whole” is repreold experience: health actors acquired sented by a preoccupation from a tradimore maturity over the years and more tional sectorial topic that is transferred
knowledge of other fields and how other into the general administration (e.g.
sectors are performing through repeti- the good health of the population was
tive concertations, or common bilater- supported by article 54 and it was also
al or multisectorial actions. In real life, inspiring for an article within the law
recursivity is about producing for the on poverty). The subprinciple “whole in
benefit of others, and letting oneself be parts” is represented by a sectorial topinfluenced by fellow ministries in the ic, here public health, being influenced
case of HiAP. For practitioners, it might by the usual practices of the public admean mutual learning.
ministration (e.g. the economic conse76
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Figure 2. Recursive dynamics of HiAP within Québec government.

quences that have to be considered in
any actions taken by the government;
as a result, public health discourse must
now consider not only health outcomes,
but also economic consequences). The
hologrammatic principle challenges the

governmental capacity to learn and innovate in a highly coherent manner.
Hologrammatic loops. The loop for the
whole in parts, summarized below, answers the question “How does the wider
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public administration percolate consis- 1. Limited support and leadership
for public health actions inside the
tently into HiAP?”
Ministry of Health and other min1. Little government input for interistries favors few structural and inministerial actions favors a sectorial
formal means to carry out the pubmindset in ministries.
lic health voice.
2. A sectorial mindset favors hav2. Few structural and informal means
ing the Ministry of Health call for
encourage public health commitan advisory position instead of a
ment largely on an individual basis.
co-developer.
3. Public health dedication favors lim3. Having the ministry call for an adited dedication of leaders, profesvisory position favors a lack of posisionals, and managers to give visitive experience with interministeribility to public health.
al actions and combined non-health
Support for public health is quite
and health-related interministerial
constrained
(e.g. relative budget of the
actions.
ministry, few representatives of the
This loop is the engine for health
ministry). Reaching out to other secactors to take into consideration wider
tors can rely on scheduled compulsory
governmental concerns. The burden of
exchanges (e.g. agreements for schedmutual influence rests upon scarce huuled meetings signed with a few othman resources inside ministries (e.g.
er ministries), but also benefits from
relatively unstable, limited funds to
spontaneous cross-sector exchanges
develop knowledge of horizontal issues
by dedicated leaders (e.g. phone calls
including public health). While some
and corridor chats). In one rare examministries naturally call the Ministry
ple, the Ministry of Health started a
of Health for advice, others are still
brainstorming process with the central
distant players, calling only when difministry to propose an integrated proficulties emerge or when there is pubcedure between several ministries (e.g.
lic outcry. The absence of widespread,
an integrated impact assessment). In
repetitive, co-developed government the end, few leaders make occasional
projects across ministries leaves a decisions to act on discretionary power.
vacuum for a change of mindset (e.g.
during interministerial interventions, Hologrammatic relative weights: Both
the co-actions look more like pieces hologrammatic loops were effective in
of a puzzle retroactively put together). HiAP as of 2012. The few documented
The loop for parts in whole is summa- slow changes in the consideration of
rized below and answers the question public health in sectorial actions and
“How does public health percolate con- wider public administration remain at a
sistently into the wider public adminis- relatively narrow scale (considering the
amount of human resources involved in
tration?”
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Figure 3. Hologrammatic dynamics of HiAP within Québec government.

coordination): “Often, when they (employees) work in a specific sector, they
think about calling their own sector
only.” Such a situation could reflect
a gap in institutionalizing long-term
change and the fragile state of modifications brought about, in part, by HiAP.

aware and functional in current settings, while flagging and encouraging
new limits for work. Here a capacity for
communication seems essential.
Whether intergovernmental, or
within a single ministry, HiAP requires
connections and alignment among established actors, managers and professionals, and a sense of how to trigger
structural changes favorable to HiAP.
The theme, we label episodes of communication, highlights the importance of
exchanging information, whether scientific or political, as well as how the information can/does/must circulate. We
advise considering episodes of communication, especially the two-way direction of exchanges (e.g. activities of a network of respondents), external triggers
(e.g. requests from a fellow ministry for
information for designing a brochure),
and inclusion of knowledge-exchange
processes (e.g. role description for

Overall it appears as a largely
silo dynamic, where the whole system
influences the parts. Such a situation
is favored by a context where little visibility and incentives are designed for
horizontal initiatives (as HiAP is): performance indicators are sectorial rather
than cross-sectorial, professional time
is directed to ministerial projects before
cross-sectorial ones, and so forth.
There are practical implications
for managers. The hologrammatic principle is, put simply, about being part
of a trend for running public administration work within established procedures. For managers, it means being
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quently adapt to learnings, thus creating
feedback loops. Based on the case study,
we argue that adaptation and reproduction dynamics are weighted by external
impulse, and that being a producer and
a receiver, as well as running the procedures of the whole and influencing the
whole oneself, depends on internal impulse—namely, the capacities that managers acquire over time through experience and growing confidence (Figure 5).

someone in a non-health-oriented ministry who is spreading the message of
health in a fellow ministry). Indicators,
such as presence of an internal person
in charge of a communication strategy with other ministries, could help to
track this specificity of HiAP.
Results on Schematization: A Systemic
Model of the Implementation of
an Interministerial Policy within
Government

The generic model is organized
around loops and external and internal
impulses. We propose that each case
will have to identify its own external
and internal impulses, especially managers’ capacities and the steps involved
in each of the six loops.

Figure 4 represents the generic systemic model of the implementation of an
interministerial policy within government. In Figure 4, the generic systemic
frame is generated from the case study
(Figure 4).
Each of the subprinciples coexists and develops thanks to the agency
of the actors involved. Moving from one
logic to another requires an impulse of
energy originating either outside of the
usual patterns or from within—that is,
from the mobilization of a unique set
of actors’ capacities. The window of opportunity is an external impulse that
activates managers’ specific capacities,
such as their capacities to be permeable
to innovations. Managers may very well
be open and willing to push innovations
forward, but structural constraints and
organizational habits provoke breaks to
adaptation until a window of opportunity presents itself. The window of opportunity specifically mobilizes capacities for permeability to innovations that
favor the loop of adaptation over the
loop of reproduction.

The overall analysis we performed portrays the current state of
actualization of a reform—considering
Health in All Policies—in the possibility space of the Quebec public administration in 2012. We have presented
the processes in place to adapt to the
changing environment and to continue including HiAP, the processes to
support the production of HiAP and
to use it as leverage for future transformations, and the processes to initiate
and benefit from transverse initiatives.
Although the actual situation could
stay locked in over the coming years,
our analysis shows how some dynamics keep unfolding and identifies where
action was taken in these dynamics to
unlock repetitions and move incrementally away from inertia (catching opportunity window, capitalizing on maturity, (mis-)alignment of horizontally
friendly incentives).

As such capacities develop, related capacities flourish: we learn from
others and from situations and subse80

Figure 4. Representation of the implementation of HiAP within Québec government.
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Figure 5. Systemic model of the implementation of an
interministerial policy within government.

Discussions

H

ow can the dynamism of HiAP
be captured? We analyzed data
with the complexity metatheory in mind. This metatheory may be
considered quite theoretical, difficult to
manipulate, and arguably not a practical, operational framework with direct
value for practitioners. Practical implications have been requested due to the
dissatisfaction with the practicality of
public policy implementation theories
(O’Toole, 2004). To address such concerns, we suggest that—instead of the
dialogic, hologrammatic, and recursive
principles—three practical themes may
be worth investigating to reflect the dynamics of HiAP: (1) HiAP as a learning
process; (2) HiAP as episodes of communication; and (3) HiAP with permeability to innovations. The framework

originates directly from the case study,
through an inductive analytic process.
It is also influenced indirectly by the
initial theory that guided the data collection—namely, Morin’s theory.
For practitioners, we would
agree that the framework is a more
convenient, practical, and useable tool
than Morin’s theory. As such, it can be
conceived as an alternative to Morin
when we consider overarching policies
across sectors. Overall, keeping in mind
a complexity lens, the dynamics of
HiAP, and our analysis, the categories
of a potential performance assessment
framework for the early steps of a HiAP
might include the following:
•

Capacity of public policy implementation to be a learning process
•
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•

•

•

provision of coaching/
training

•

leading by example as a
constant means of learning

Episodes of communication
•

two-way direction of
exchanges

•

external triggers

•

inclusion of knowledge-exchange processes

Permeability to innovations
•

development of ad hoc
tools

•

daring to connect outside
borders

•

adoption of external
considerations

Conclusions

W

e see three main contributions in this article: a schematization, a theoretical
reflection, the illustration of how we
could mobilize a complexity metatheory to analyze HiAP and the permeation
of an agenda within sectors, as well as a
practical benefit, which is the propositions of variables and related indicators
to manage/follow up the permeation of
a governmental agenda within sectors.
The objective with developing
the systemic model was first to propose
a model that can be tested in other settings and on different cases. We did not
quantitatively examine it. However, we
observed that when the external trigger
occurred, the window of opportunity
presented itself, and managers owned
a set of capacities, the trend shifted
from reproduction to adaptation, to
being receptive to others’ mindset and
ideas, and to taking part in the design
of a new whole. We did not observe
a situation where a different trigger
might have bent the dynamics toward
the other loops. However, we could
hypothesize, and as is widely observed
in public administration sciences and
practices, that if there was an external
trigger, such as silo-oriented by-laws,
a different set of capacities could have
been activated to reinforce reproduction; ministries would act as small parts
following a whole re-oriented administration and maintain the status quo.

The categories with a low score
would seem to reflect the absence of
co-existence of the subprinciples; for
instance, little to no scientific feedback, coaching and leading by example
would reflect situations where adaptation is very low, or even absent. A complex situation like the permeation of an
agenda within sectors, as we portrayed,
seems to reflect co-existence of such
dynamics. Higher scores might reflect
“healthy dynamics” and may even be
situations to seek especially during
changing times. Note that the framework might evolve as we gain a better
understanding of how organizations
and individuals enact (sub-)principles,
as well as how they face complementaWe have also presented a comry and competing situations (Smith & plexity metatheory. Morin (2005) sugTracey, 2016).
gests that some phenomena are com83
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ed. We discussed themes that managers
might want to consider while enacting HiAP in a pluralistic environment.
Those themes can guide the development of indicators; they can also focus
on key dynamics the attention of those
managers responsible for intersectorial interventions, and they can provide
pre-emptive indications of potential
barriers. Those themes are principles
rather than prescriptive actions or
means for direct applications. The identification of key soft skills for entrepreneurships at early stages in HiAP is to
be explored. Organizational capacities
to support the enactment of such soft
skills are avenues for further practical
thinking. Note that we suggested practical themes in linkage with Morin’s
principles. Some implications might
very well feed into several principles.

plex in nature and can be understood
by their dialogic, recursive, and hologrammatic principles. Each principle
oscillates between complementary positions (Morin, 2005). We have illustrated these (sub-)principles and the
reinforcing and impeding dynamics
supporting or not supporting them, and
the unlocking strategies in place. The
limitations of our study rest mainly on
the methodology of a single in-depth
case study, which allows for detailed
understanding of a specific PPI, HiAP,
but might not be enough to propose
analytic tools for other analyses of PPI.
HIAP is one overarching policy with a
health focus. Overarching policies, policy to fight against poverty, sustainable
development strategy, and so forth, certainly respond to dynamics like the one
we have exposed in this article. However, additional consideration will have to
be given to the specifics of each area-led
policy. We argue that future application
of a complexity lens to other PPIs and
the reactions of public servants to the
analysis we performed will inform us of
the usefulness of such analysis.
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Abstract
The structure of communication networks can be more or less
“democratic”: networks are less democratic if (a) communication
is more limited in terms of characteristic degree and (b) is more
tightly channeled to a few specific nodes. Together those measures
give us a two-dimensional landscape of more and less democratic networks. We track opinion volatility across that landscape: the
extent to which random changes in a small percentage of binary
opinions at network nodes result in wide changes across the network as a whole. If wide and frequent swings of popular opinion
are taken as a mark of instability, democratic communication networks prove far more stable than anti-democratic ones. In a final
section, we consider the democratic or anti-democratic character
of networks that respond to volatility by rewiring at random, in a
search for community, or in a search for a leader.
Keywords: democracy, network, opinion, volatility, agent-based

¿Qué tan estable es la democracia?
Sugerencias de redes sociales artificiales
Resumen
La estructura de las redes de comunicación puede ser más o menos
‘democrática’: las redes son menos democráticas si (a) la comunicación es más limitada en términos del grado característico y (b) está
más estrechamente canalizada a unos cuantos nodos específicos.
Juntas estas medidas nos dan un panorama bidimensional de redes
más y menos democráticas. Seguimos de cerca la volatilidad de la
opinión a través de ese panorama: el punto hasta el que los cambios al azar en un pequeño porcentaje de opciones binarias en los
nodos de la red resultan en cambios importantes en toda la red. Si
se toman las fluctuaciones importantes de opinión popular como
una marca de inestabilidad, las redes de comunicación democrática parecen ser más estables que las que son antidemocráticas. En
una sección final consideramos el carácter democrático o antidemocrático de las redes que responden a la volatilidad al reescribir
al azar, buscando una comunidad o buscando un líder.
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民主有多稳定？人工社会网络给出的意见
摘要
传播网络的结构既可以多民主化，也可以少民主化：网络会
变的少民主化，如果（a）传播在特征程度上更加受限，同
时（b）其更紧密地出现在少数特定节点上。这两种方法为
我们提供了一个描述不同程度民主化网络的二维景象。笔者
在该景象上追踪了舆情波动性（opinion volatility）：即不同
网络节点上二元观点（binary opinion）的一小部分随机变化
造成整个网络发生广泛变化的程度。如果舆论发生的大幅度
频繁变化被视为一种不稳定标志，那么民主传播网络就远比
非民主网络更稳定。在文章最后一部分，笔者考量了不同网
络的民主特征/或非民主特征，这些网络对舆情波动性的回应
方式则是通过随机重组去寻找社区/或寻找领导者。
关键词：民主，网络，舆论，波动性，基于主体

Introduction

we explore a particular type of opinion
volatility in a particular sense of democratic networks, with implications
that are suggestive for some among the
many questions of political stability.

“O

pinion volatility” and
“opinion variability” have
been used in the literature
in a number of different ways (Acemoglu, Como, Fagnani, & Ozdaglar. 2013;
Bybee, McLeod, Luetscher, & Garramone, 1981; Powell & Tucker, 2009).
The terms “democracy” and “democratic” have a notoriously wide range of
meaning (Levinson, 2006; Storm, 2008).
“Political instability” appears in importantly different senses as well (Hurwitz,
1973; Sottilotta, 2003). In what follows

Democratic Communication
Networks

I

t is clear that some forms of governmental procedure count as more
democratic than others do. It is also
clear that certain forms of social organization count as more democratic than
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right to participate in making the decisions that will affect us” (Brooks, 2012,
p. 20). In a preferential attachment network, communication is predominantly with and through a small number of
“hubs”—the local warlords, bosses, autocrats, or authoritarian figures. Only
a few individuals have contact with
many; the many have contact-mediated predominantly by the privileged or
powerful few. In a random network, the
number of contacts for each individual
is much more equally distributed, with
a network of communication wider and
more diverse. The social network that
results has the look of communication
in a small American town, perhaps. In
what follows we formalize the extent to
which attachment in a network is preferential, with the proposal that it is networked with concentrated hubs that are
less democratic.

others do. In the latter case, what is at
issue is less a matter of formal political
process than of communication: the
more democratic networks are those
in which communication is egalitarian,
open, and diverse.
Figure 1 shows a random network on the right, contrasted with a
network generated by preferential attachment on the left (Barabási & Albert, 1999; Newman, 2005). Of these,
we would propose, the random network
is more democratic. This corresponds
to an aspect often emphasized in the
literature: equality of participation
(Edelsky, 2004). It is taken as a mark
of democracy that “no-one can choose
himself, no one can invest himself with
the power to rule and, therefore, no one
can abrogate to himself unconditional
and unlimited power” (Asgary, 2005;
Walt, 2000, p. 36) and that “all have a

Figure 1. A less democratic network in terms of preferential attachment (left) contrasted
with a more democratic communication network on the right.

We also use a second measure
of democracy in communication networks. Figure 2 shows two networks
that contrast only in their mean node
degree. Of these, we propose, it is the

higher-degree network on the right that
is more democratic. Various commentators have emphasized this primary aspect of democracy in terms of freedom
of expression and assembly (Brooks,
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2012) and broad, equal, protected, and mutually binding consultation (Parris,
2008). In the network on the right, more people are in communication with more
people, approaching the ideal of a New England town meeting. Higher mean degree, we propose, offers a second dimension along which we can measure increasingly “democratic” networks.

Figure 2. A less democratic network (left) and more democratic (right) in terms of higher
node degree and wider contact.

We consider the idea of more
and less democratic communicative
networks a natural one, with a characteristic degree and preferential attachment as natural measures. Our formal
treatment of the first will be in terms
of mean node degree: the higher the
mean node degree of a network, the
more democratic we take it to be in the
second sense. Our formal treatment of
how preferential the attachment structure of a network is will be in terms of
the preferential exponent.
Consider the prospect of adding
a new node to an existing network of
nodes xi … xn (Barabási & Albert, 1999;
Newman, 2005). The probability that
1

the new node will be connected to a
specific node xj can be given as:

Here dj represents the degree of
node j and
represents the sum
of degrees of all nodes, but in each case
those degrees are raised to our preferential attachment exponent e. Where e =
0, (dj)e for any node = 1, and thus a new
node attaches to existing nodes with no
preference between them in terms of
relative degrees. The result approaches
a random network.1 Where e = 1, (dj)e is
simply (dj), and a new node attaches to
an existing node simply as the ratio of

“Approaches” because nodes formed early in the process do have increased chances of being connected to by newly added nodes. We can create a continuum from more truly random networks to
those of higher preferential attachment by eliminating the assumption that our network is formed
node by node. In that case we regard all nodes in the network as formed ab initio and proceed either
node by node or by random choice of node, applying the exponential function above to the totality
of n nodes.
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e=0

e=1

e=2

e=3

Figure 3. Networks with increasing preferential attachment in networks of mean degree 2.

e=0

e=1

e=2

e=3

Figure 4. Networks with increasing preferential attachment in networks of mean degree 3.

its degree over the total sum of degrees
in the existing network: the standard
pattern for preferential attachment. As
e is increased to higher positive values,
however, the bias in favor of nodes with
higher degree is exaggerated. We can,
therefore, generate the extent of preferential attachment by simple adjustment
of the preferential attachment exponent
e.2 Figure 3 shows typical networks generated with an e of 0, 1, 2, and 3.

higher degrees, a new node will connect to one of those to which it is not
already connected with a probability
measured by our preferential exponent.
For networks with an average degree of
3, for example, increased preferential
attachment will take the form of those
networks shown in Figure 4. With e =
3 and higher we get not one focus of
preferential attachment, for example,
but two.

Each of the networks shown in
When plotted on two axes, our
Figure 3 is generated with an average two measures allow us a landscape of
degree of only two. For networks with networks more or less democratic in the
2

In Barabási and Albert (1999), the authors note the possibility of using an exponent in this way,
but confine their attention entirely to e =1 on the grounds that it most clearly models the scale-free
networks that are their target. On the use of a variable exponent, see also Krapivsky, Redner, and
Leyraz (2000); Dorogovtsev, Mendes, and Samukhin (2000); and Noble, Davy, and Franks (2004).
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bottom on the y-axis. The array of networks used in what follows is illustrated
in Figure 5. Across that array, the most
democratic network in terms of both
dimensions—high node degree and low
preferential attachment—is on the lower left. The least democratic network in
terms of both dimensions—low degree
and high preferential attachment—will
be on the upper right.

two dimensions of increased average
node degree and increased preferential
attachment exponent. Those networks
that are more democratic in terms of
mean degree we will plot farther to the
left on the x-axis, reversing the numbering of mean node degree in order
to do so. Those networks that are more
democratic in virtue of low preferential
exponent will be plotted further to the

Figure 5. An array of more or less democratic networks on two dimensions: preferential
exponent and average node degree.

Our focus here is opinion volatility across this landscape of networks
more or less democratic on these measures. We make no claim, however, that
these two initial measures should be
treated as exhaustive; we remain active-

ly interested in the possibility of using
other measures of democratic and anti-democratic networks as well.
We are also fully aware of the
distance between this minimal model
of selected aspects of communication
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Figure 6. Initial configuration of opinion network.

and the messy complexities of real societies, democratic, or otherwise. Any
two nodes in the modeled networks
have either a fully open communication link or no communication link
at all, for example, with no attempt to
model the topic-specific censorship
that often characterizes authoritarian
regimes. Within the networks considered, moreover, distinctly layered hierarchical structures do not have the
clear prominence that they often do in
social organization. Here, as elsewhere
in modeling, the goal is not a detailed
representation of reality but an intentionally schematic diagram that helps
us understand it. Abstract as this model
is, the hope is that attention to the dynamics of abstractly modeled opinion
on this selective landscape of artificial
networks can start to give us a grasp
on the far messier volatility of opinions
within far more complex social structures.
3

Opinion Volatility

C

onsider the 50-node network
shown in Figure 6. We begin
with a percentage of agents in
the network holding opinion p, coded in green, with another percentage
holding opinion not-p, coded in red. At
each step of the simulation, we have a
certain percentage of our agents update
their opinions using a simple majority
version of the threshold model (Andjel, Liggett, & Mountford, 1992; Durrett
& Steiff, 1993; Liggett, 1999). Agents
adopt the opinion held by the majority
of those with whom they are in contact
in the network, with a random choice
in the case of a tie.3 In what follows we
have a random 10% of our agents update on the majority view of their network contacts.
In order to measure volatility
within different networks we introduce

There is a range of related work on voter model variations on complex networks, though without
the focus on political implications explored here. See, for example, Castellano, Villone, and Vespignani (2003); Suchecki, Equíluz, and San Miguel (2005); Sood and Redner (2005); Schneider-Mizell
and Sander (2009).
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Figure 7. Different patterns of opinion volatility stimulated by a background change in a
small percentage of nodes.

background noise: at regular intervals,
we make a small percentage of random
agents change their opinions. In what
follows we have a random 5% of the
agents in a network change their opinions every tenth generation. We think

of this as a background rate of spontaneous belief-change by some percentage of individuals in the network.
The measure we are after, however, is what impact that background
rate of belief change will have on the
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plified concept of belief change. The
dynamics involved, however, are not
entirely out of range as an idealization
of important aspects of opinion change
across a community. There are indeed
issues that can be phrased as binary
choices, and attitudes are indeed subject to the kind of conformity pressure
modeled here in terms of deference to
the majority of contacts (Asch, 1952,
1955; Bond & Smith, 1996; Cialdini &
Goldstein, 2004).

volatility of beliefs across the network
as a whole. In some cases, in some networks, a changed percentage of nodes
may have little more impact than that
change itself, giving the pattern of a
random walk in small steps illustrated
in Figure 7a. In other cases, in other
networks, the impact of a small changed
percentage may be much greater, with
wider swings and reversals of dominance, as in 7b. Given some initial patterns of belief and some network structures, a small percentage may produce
repeated cascades of changed opinion
amounting to the wide swing of dominant opinion shown in 7c.

Just as we would not claim our
measures of democratic networks to
be exhaustive, we would not claim our
measures of instability to be exhaustive,
How does network structure even with regard to opinion instability.
correlate with opinion volatility in this Within the constraints of those measense? We measure changes in the con- sures, however, we can ask a very simple
figuration of belief on a network that question of our simple models:
are greater than 150% of the change
In terms of both frequency and
artificially introduced as background amplitude, how does the volatility or
noise. We track both the frequency stability of opinion correlate with the
with which changes of that size occur democracy or anti-democracy of a
in different networks—the percentage communication network?
of cases in which the introduction of a
random change in beliefs of 5% of the Opinion Volatility in
population change leads to a greater Democratic and Antithan 7.5% swing in over-all beliefs—
Democratic Regimes
and the amplitude of change when it
does occur. We measure amplitude as
n the graphs that follow, we map
the difference in the number of agents
our two dimensions of network “deholding p at the point of noise introducmocracy” on two axes, as outlined
tion and the number holding p in the above. The x-axis shows a decreasing
next time interval. At points of volatili- mean degree in sample networks—dety in a network, what percentage of the creasingly democratic networks in that
network changes beliefs?
sense—from left to right. The y-axis

I

The radical simplifications involved in the model should again be
emphasized. We are dealing with a single binary issue and an extremely sim-

shows increasing preferential exponent—decreasing democratic networks
in that sense—from bottom to top. Networks most democratic in both regards
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will be at the lower left, with high degree and low preferential attachment.
Networks least democratic in both regards will be at the upper right, with a
low degree and high preferential attachment.

10th iteration over 10,000. The percentage of cases in which the result is greater than 7.5% change in beliefs across
the networks we count as the frequency of volatility. Figure 8 shows results
in which we average frequency results
How does opinion volatility cor- over 100 runs for each combination of
relate with the democracy or anti-de- mean degree and preferential exponent.
mocracy of a network? Using 100-node
What is immediately clear from
networks, we introduce a background Figure 8 is that networks democratic in
belief change in 5% of the nodes at each the sense of low preferential attachment

Figure 8. Frequency of volatility across democratic and anti-democratic networks.
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Figure 9. The amplitude of opinion volatility across democratic and anti-democratic
networks.

and low degree. Here the devil is in the
details, however, including details that
we cannot claim to fully understand.
The point with the highest frequency is
that in which extremely low degree correlates with a preferential attachment
exponent between 1 and 2; higher preferential attachment actually dissipates
the result. The core tendency, however,

and high average degree show the lowest frequency of volatility in the range
measured. Here networks remain much
in the same proportions of opinions despite small random changes in individual beliefs. The frequency of volatility
increases as one move to networks in
the upper right that are anti-democratic
in having high preferential attachment
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Figure 10. Multiplied measures of frequency and amplitude: a societal hazard map for
opinion volatility.

is strong and obvious: the frequency of
volatile opinion changes increases with
the anti-democratic character of communication networks.

more than 7.5% reaction, what is the
size of that reaction? What percentage of
the network changes beliefs as a result?
Across the same array, the answer to this
second question appears in Figure 9.

Figure 8 tells only half the story,
however: these graphs show the freHere results are even more strikquency of volatility but not the ampli- ing. Networks democratic in the sense
tude. When a 5% change produces a of having low preferential attachment
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show low volatility amplitude across all
node degrees. With an average degree in
the democratic range above 5, the amplitude of volatility remains low despite
increases in the preferential attachment.
Once the preferential attachment exponent rises above 2 and average node
degree falls below 5, anti-democratic
networks show a steady and significant
increase in volatility amplitude, approaching network changes of 75% on
the right edge of the graph. Measured
in terms of amplitude, anti-democratic
networks prove far more volatile than
do democratic networks.
Within the constraints of our
model assumptions, the results seem
importantly suggestive. What they suggest is that anti-democratic communication networks can be expected to be
significantly less opinion-stable than
democratic networks. What our models
suggest, for example, is that the destabilizing influence of wide swings of opinion can be expected to occur with both
greater frequency and greater depth
across decreases in the two dimensions
outlined for democratic networks.

the communication networks most vulnerable to volatility overall—considering both frequency and amplitude—are
those that are least democratic on both
of our measures: the networks with a
low mean degree and high preferential
attachment at the upper right. Those
least affected by volatility overall are
networks democratic on both our measures.

Shifting Networks, Democratic
and Anti-Democratic

O

pinion volatility is a plausible
measure of instability in a network of political actors.

If an individual finds himself repeatedly torn between radically opposed
opinions based on shifting opinions
among his pattern of contacts, he seems
likely to change his pattern of contacts.
The result will be a change in the structure of the communication network: the
network can be expected to rewire in reaction to opinion volatility.

If an abstract network rewires
because of opinion volatility, in what
We can further underscore these direction can we expect it to change?
suggestions by combining our two In the model outlined, anti-democratmeasures of volatility. We simply multi- ic networks prove less stable in terms
ply frequency of opinion volatility—the of opinion volatility. If those networks
percentage of cases in which opinion rewire in response to that instability,
change exceeds 150% of randomly in- do they inevitably become more demtroduced change—times the amplitude ocratic? However, democratic networks
of volatility—the percentage of the pop- are not immune from opinion volatility,
ulation that shifts opinion. The result, either. Where democratic networks reshown in Figure 10, is something like wire, do they tend to become less dema hazard map for opinion instability in ocratic?
the designing of social institutions.
In the rewiring considered here,
What the results indicate is that new links are created as old links are
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Figure 11. Sample democratic means for different degree distributions.

broken and thus average network degree will remain the same. We concentrate, therefore, on changes in the preferential attachment. In initially creating
networks above, we used a preferential

exponent in the generating formula.
Here we introduce another measure designed to gauge preferential attachment
in networks at any stage, however they
have been formed or transformed.
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The measure we use is the democratic mean, more sensitive for our purposes than Gini coefficient and easily
applicable to networks before and after
rewiring. Ours are connected networks,
without isolated nodes. A network with
a high preferential attachment will have
a wide range in degree—many nodes
will have few connections; a very few
will have many. The ratio of the mean
degree over the span between least and
highest degree will, therefore, be a small
number. A network with a low preferential attachment will have a much
smaller range in degree, with the result
that the mean degree over the difference between highest and lowest will be
relatively large. The democratic mean
is the ratio of a mean degree over the
highest degree: the higher the democratic mean, the less the preferential attachment of a communication network
and the more democratic the network is
in that sense.

with corresponding democratic means,
are shown in Figure 11.
How will a network rewire in
response to volatility? We start with a
network generated with a particular
preferential exponent, then rewire in
response to volatility. Will democratic
communication increase, as measured
in terms of a democratic mean, or not?

Volatility, as above, is stimulated
by the direct change in a random 10%
of our nodes at regular intervals over
the course of a run. Here we count as
“volatile” those nodes that change more
often than they are directly changed:
nodes that change opinion at least
1.5 times as often as they are directly
changed by the program. These volatile nodes are those that are vulnerable
to opinion change from changes elsewhere in the network as well. In all cases, we assume that it will be the volatile
nodes that break links, replacing them
More formally, where dmax is with links to nodes. We consider each
the degree of the most connected node of the following as possible patterns for
and dmin the degree of the least con- rewiring in response to
nected, we take the degree spread D as
dmax − dmin. With dm as our mean
Random Reaction: Rewiring at
degree, the democratic mean of a netRandom within the Network
work is (dm − dmin)/D. For a 50-node
There is something about the renetwork with extremely high preferinforcement pattern of volatile
ential attachment—49 nodes with 1
nodes that makes them unstable.
connection and 1 node with 49, for
They, therefore, break a link at
example—the democratic mean will
random and establish a replaceapproach .96/48 or .02. In a random
ment link to another node in the
network with a normal distribution
network, chosen at random. In
between 1 and 3 connections, on the
the end, we can expect volatiliother hand, the democratic mean will
ty to die down, but with a newly
approach .5. Sample network distributions typical of those considered here,
structured network in its wake.
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Figure 12. Change in democratic mean with different forms of rewiring in response to
volatility, shown for networks with initial preferential exponents between 0 and 3.5.
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Search for Community: Rewiring at
Random to another Oscillator

Rewiring in response to volatility
results in more democratic communication networks with either of two first
In the revision, volatile nodes reforms of rewiring: when that rewiring
wire at random only within the
is either to random nodes or to other
set of volatile nodes in general: a
volatile nodes at random. Within the
search for community. The idea
100,000 tick limits of our study, the final
here is that opinion-vacillating
democratic mean is lower for networks
agents recognize others with the
that start with high initial preferential
same difficulty, breaking ties at
attachment, though the percentage of
random but establishing new ties
change for those is even more dramatic.
with other volatile nodes. Here
One of the interesting aspects
too we can expect a different netof
this
result is that all the networks
work structure as a result.
considered become more democratic
Search for a Leader: Rewiring with with these two forms of rewiring. This
Preferential Attachment among
includes even those networks that are
Oscillators
initially the most “democratic” in our
sample—those on the lowest end of our
In a third form of rewiring, nodes
preferential exponent scale. As noted
favor other volatile nodes but rein passing, even networks formed iniwire in preferential attachment
to other volatile nodes that have tially with a preferential exponent of 0
the most connections: a search are not purely random. The order of attaching new nodes in sequence, in the
for a leader.
manner of Barabási and Albert (1999),
For 50-node networks initial- inherently biases degree distributions
ized with preferential exponents at .1 in favor of the first nodes. With rewirintervals between 0 and 3.5, 10% of the ing to either other nodes or other volapopulation was given random opinion tile nodes at random one typically gets
changes every 10 ticks of a run, with re- a network more random than one with
wiring in terms of volatility measured preferential attachment 0—a network
after 50 of those changes. Is there a dif- even more democratic than those on
ference in the new networks that form our initial scale.
with each of these forms of updating—a
The third case, however, is differdifference that shows up in a change of ent. Rewiring as a “search for a leader,”
democratic mean? We performed 1,000 itself following a pattern of preferenruns with each form of rewiring, taking tial attachment among volatile nodes,
the average democratic mean of both results in a more democratic network
the initial network and the result after only when the initial network had a
100,000 ticks.
preferential attachment of greater than
The results for each form of re- 1.1. For networks that are initially more
democratic than that, volatility rewirwiring are shown in Figure 12.
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ing in a “search for a leader” results in a
less democratic network.
Two related observations are of
particular note with regard to rewiring
in response to “search for a leader.” Both
of these we consider worthy of further
investigation. The first observation is
that there is a tipping point at an initial
preferential attachment exponent of 1.1
or so: below that, point networks become more democratic with rewiring;
after that point, they become less democratic.
The second observation is “search
for a leader” results in virtually the
same level of democratic mean regardless of the initial preferential attachment of the network. “Leader-searching” rewiring in response to volatility,
whatever the original network, results
in a democratic mean of approximately .13, corresponding to a preferential
attachment exponent of approximately
1.1. Interestingly, this is very close to
the preferential attachment exponent
that Barabási and Albert claim to be
particularly characteristic of scale-free
networks across a wide social and economic range (Barabási & Albert 1999).

Conclusion

I

n broad strokes, at least, our results
accord with a range of research in
political communication. Social
media has emerged as a major tool for
the spread of information in both authoritarian regimes and western democracies. Several previous studies
indicate that it is authoritarian regimes
that prove most vulnerable to that wider information (Loader & Mircea, 2011;

Shirky, 2011). A specific example is the
powerful role of social media during
the Arab Spring (Sottilotta, 2003; Stepanova, 2011), in which multiple authoritarian regimes demonstrated sudden and unexpected volatility. We also
find our results to be consistent with the
vast literature in American politics emphasizing the central role of open and
high-quality information in the health
of a democracy (Gillens, 2001; Levendusky, 2013; Prior, 2017; Van Aelst et
al., 2017).
The models explored here are
minimal models, clearly abstracted
from a messier reality in a number of
crucial ways. Unlike the social networks
that are their target, the networks employed here are carefully constructed
in terms of two variables representing
aspects of democratic communication:
characteristic node degree and extent
of preferential attachment. With those
radical simplifications in mind, what
we claim is a series of intriguing suggestive results regarding stability and
democracy.
In detail, our results are nuanced,
with important specifics most clearly illustrated in the graphs above. As a
rough overview in summary, however,
what our results suggest is that abstract
anti-democratic networks, measured
with parameters of relatively low node
degree and relatively high preferential
attachment, may prove inherently unstable in an intriguing way. Anti-democratic networks seem to exhibit a
higher propensity for opinion volatility,
including volatility across large blocks
of the population.
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Were one to try to design a social
structure that encourages wide swings
of opinion, these results suggest, one
could hardly do better than a structure
with low node degree and high preferential attachment. Were one to design
a structure that most effectively diffuses widespread opinion volatility, that
structure would be democratic both in
the sense of high characteristic node
degree and low preferential attachment.
Within the limits of the study, democratic networks prove significantly
more stable in terms of both frequency
and amplitude of opinion volatility.
We have taken volatility further
as a sign of network instability, treating
instability in turn as a plausible predictor of dynamic network change. Where
networks do change in response to rewiring of volatile nodes, the change in
networks structure very much depends
on the form of rewiring at issue. If volatile nodes reconnect to other nodes
at random or to other volatile nodes at
random, the result is a clear and robust
increase in the democratic mean of a
network. If, on the other hand, volatile
nodes reconnect preferentially to that
volatile node with the highest number
of existing connections—a “search for
a leader” in the form of preferential
attachment—networks with high preferential attachment may become more
democratic but those with low preferential attachment consistently become
less democratic. Precisely why the tipping point is where it is and why “search
for a leader” seems to lead to the same
democratic mean regardless of the initial structure are issues that call for further investigation.

The results remain suggestive, but
intriguingly so. Volatility studies within
carefully constructed networks suggest
is that anti-democratic communication
networks may prove more vulnerable to
de-stabilizing opinion volatility. Where
networks change in response to that
volatility, both random rewiring and
“search for community” lead to more
democratic communication networks.
“Search for a leader” may not.
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Abstract
The international system is a complex adaptive system with emergent properties and dynamics of self-organization and information processing. As such, it is better understood with a multidisciplinary approach that borrows methodologies from the field of
complexity science and integrates them to the theoretical perspectives offered by the field of international relations (IR). This study
is set to formalize a complex systems theory approach to the study
of international affairs and introduce a new taxonomy for IR with
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Una nueva taxonomía para las relaciones
internacionales: repensando el sistema
internacional como un sistema adaptativo complejo
Resumen
El Sistema internacional es un sistema adaptativo complejo con
propiedades emergentes y dinámica de auto organización y procesamiento de información. Como tal, es mejor comprender con
una aproximación multidisciplinaria que extraiga metodologías
del campo de la ciencia de la complejidad y las integre a las perspectivas teóricas ofrecidas por el campo de las relaciones internacionales (RI). Este estudio existe para formalizar un acercamiento
teórico de sistemas complejos para el estudio de los asuntos internacionales y presentar una nueva taxonomía para las RI con el
objetivo bipartito de mejorar la interoperabilidad entre diferentes
comunidades epistemológicas y esquematizar una gramática formal que ponga las bases para los modelos de las políticas internacionales como un sistema adaptativo complejo.
Palabras clave: política internacional, teoría de relaciones internacionales, teoría de sistemas complejos, taxonomía, adaptación,
aptitud, autoorganización

国际关系新分类：重新思考国际
关系这一复杂适应系统
摘要
国际系统是一个复杂适应系统，它具备自组织和信息处理的
新兴性质和动态。照此，用多学科方法更能促进对国际系统
的理解，因为前者借用复杂性科学领域中的方法论并将其合
并到国际关系（international relations，IR）领域所提供的理
论视角中。本研究致力为国际关系研究提出正式的复杂系统
理论方法，并为国际关系引入一种新的分类法，此分类法有
两个目标：一是提高不同认识论社区（epistemological com110
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munities）间的互操作性；二是概述一种形式语法，为国际
政治作为一种复杂适应系统进行建模提供基础。
关键词：国际政治，国际关系理论，复杂系统理论，分类
学，适应，fitness, 自组织

Introduction

could use the vast array of positivist and
post-positivist theories in a coherent
his study puts forward the idea and integrative way, we would be finally
that the international political able to make sense of the multifaceted
system is a complex adaptive sys- inquiries of international politics. But
tem, with emergent properties and dy- in reality, coherence is hard to achieve
namics of self-organization. Hence, it when confronted with an overarching
suggests that the international system and disorganized menu of theories and
is better understood with a multidisci- claims. And without coherence and
plinary approach that borrows meth- method, the whole discipline becomes
odologies from the field of complexity prone to relativism and loss of critical
science and integrates them with the standards (Dunne et al., 2013, p. 415),
theoretical perspectives offered by the transforming academic dialogue in an
field of international relations (IR). The empty debate of perspectives and miroverall scope of this study is to formal- rors.
ize a complex systems theory approach
A more fundamental problem
to IR, define a new taxonomy for the that affects both general theories and
discipline to improve interoperability pluralist approaches of IR is a lack of
between different epistemological com- understanding of the subdued nonlinmunities, and set the basis for future earity of social, and therefore political,
modeling of the international system as interactions among agents. For long,
a complex adaptive system (CAS).
scholars thought they were looking at

T

IR scholars have embraced theoretical diversity over the past decade
and acknowledged the validity of a
wide range of different theoretical perspectives in the realm of foreign policy. Many have welcomed theoretical
pluralism as a positive development
for the discipline. Dunne, Hansen, and
Wight (2013, p. 416) argued that if we

international politics, but instead, they
were only looking at its linear, constant,
continuous, and deterministic image.
Theorists did not realize (at least most
of them) that there was another image
of world politics. That image is non-linear, discrete, stochastic, and composite:
a chaotic face of the world where there
are no general laws or causalities.
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At large, IR scholars have deceived themselves and only saw what
they were already acquainted with. In
the picture of social systems and international politics, they saw the image of
linearity (Richards, 2000a, p. 3). Consequentially, they blindly used positivist approaches to come up with general
theories based on inductions and deductions rooted in a simple and linear
image of the world. However, the real
world has never been linear and it has
rarely fitted within the general laws and
causalities found by social scientists.
Repeatedly, new trends and unexpected events have confuted IR theories and
required us to seek for new correlations.
Eventually, the discrepancy between
the real and the theoretical became so
vast that IR theorist started to look for
new epistemologies beyond positivism
during the eighties.
Unfortunately, the pursuit for
a new epistemology in IR resulted in
a twofold failure. First, it failed to replace empiricism, which far from being
dead is even experiencing a resurgence
in narrow scope quantitative research
(Mearsheimer & Walt, 2013). Second, it
failed in finding a coherent epistemology capable of dealing with the nonlinear
ontology of social systems and international politics. Scientific realism and
critical theory were still fixated on the
same linear world that positivist looked
at. By assuming that the natural and the
social worlds were governed by equal
and objective recurrencies, scientific realism and critical theory recurred
to a positivist epistemology to study
international politics (Smith, Booth,
& Zalewski, 2008, p. 35). Conversely,

post-modern and post-structural theories, like constructivism, ended up
rejecting the image of an objective and
“external world” to focus on the observer or “subjective self ” (Smith et al., 2008,
p. 30). Yet, by doing so, they focused on
ontology and overlooked epistemology,
leaving the task of the interpretation to
the subjective, and biased, self (Smith et
al., 2008, p. 18).
Offering an alternative to general
theories or pluralism, this paper suggests that the complexity of politics can
only be unraveled using an interdisciplinary research method that incorporates complex systems theory with IR:
a method that allows for an ontological
closure between the ‘real world’ and the
world of our theories. The consequence
of this closure is exciting as it implies
that we can advance our knowledge of
international politics by making more
detailed and holistic analyses of the international system that do not rely on
oversimplifications for modeling. The
methodology put forward by this study
does not fixate on one specific level
of analysis, but instead focuses on the
multilevel nature of nonlinear dynamics in the international system to find
theoretical insights and explain the relationships between agents and system
behavior (Downey, 2012, p. 92). Instead of arbitrarily defining the agents
of the international system and assuming how they behave, it assumes what
are the properties of agents (autonomy, self-containment, and interdependence) and how behavior is generated
(through the processes of performance
system, credit assignment, and rule discovery).
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Over the last two decades, severOnly pluralism can deal with a
al attempts have been made to use commulti faceted and complex realiplex systems theory to analyze internaty and only pluralism can delivtional politics, see for instance Robert
er substantial progress in terms
Axelrod’s The Complexity of Cooperation
of knowledge. Given the lack of
(1997), Neil E. Harrison’s Complexity in
agreed epistemological standards
World Politics (2006a), Diana Richards’
for assessing competing knowlPolitical Complexity (2000b), and Emiledge claims, we should embrace
ian Kavalski’s “The Fifth Debate and the
all perspectives. [ ... ] Our view
Emergence of Complex International
is that we should attempt to
Relations Theory” (2007). Yet, only a
move towards a position we will
handful of IR scholars have advocated
term ‘integrative pluralism’. [ ... ]
for the use of complexity theory as an
Integrative pluralism accepts and
overarching theoretical framework of
preserves the validity of a wide
IR, and fewer among them have used
range of theoretical perspectives
its modeling techniques to study the
and embraces theoretical diinternational system. This article hopes
versity as a means of providing
to fill a gap in the literature by posing
more comprehensive and multi
the taxonomical foundations of a theodimensional accounts of complex
retical framework of IR rooted in comphenomena [emphasis added].
plexity theory. Overall, this study is set
(Dunne et al., 2013, p. 417)
to offer a radical reinterpretation of the
way we think of international affairs by
However, there is an inconsistenproposing new ontological, epistemo- cy in this argument: a sum of not-goodlogical, methodological, and taxonom- enough theories does not make for a
ical perspectives.
good enough theory. Traditional IR
theories are just not equipped with the
Where Does Complexity
necessary epistemology and methodTheory Stand?
ology to make sense of complex adaptive systems. Pluralism, in this case,
he fourth inter-disciplinary can only lead us to a plurality of errors
debate between positivist and and misinterpretations. Sure, the more
post-positivist scholars has theories we use, the more likely we are
succeeded in moving out IR from a to find a tangential explanation for our
strictly positivist ground,1 but it has phenomenon of interest, but none of
failed in creating cohesion over a new those explanations will be able to grasp
philosophical system. On theoretical the core dynamics of the internationpluralism, Dunne, Hansen and Wight al system (adaptation, emergence, and
wrote:
self-organization). For this reason, we

T
1

There has been a tendency among theory-leaden positivist scholars to shift toward post-positivism,
this is the case for example of John Mearsheimer, which in a paper in 2013 wrote that scientific
realism offers “a more convincing epistemology” (Mearsheimer & Walt, 2013, p. 433).
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should start using complex systems theory also in IR.
Moreover, complex systems theory has the potential of reestablishing
agreed-upon epistemological standards and promotes consilience in the
field of IR. It does so as a non-positivist
theoretical framework that integrates
concepts and methods used by both
positivist and post-positivist scholars. Where positivist implemented an
“outside view” of social sciences and
post-positivist an “inside view” of it,
complexity theory integrates the two
views into an “inside-out” ontology that
takes account of the nonlinear dynamics that occurs between agents and system in international politics (Harrison
& Singer, 2006, p. 38).
Notwithstanding its potential,
IR scholars have largely ignored or
misused complexity science. Often,
scholars have sloppily borrowed and
decontextualized its taxonomy. This
is, for instance, the case of Dunne et
al. (2013), who, without ever mentioning complexity theory, defined
the international system as a CAS.2
Another scholar that misused complexity theory is Alexander Wendt
(1987, 2003), who decontextualized
complexity theory as an analogy to
2

3

support his own arguments; even
though his arguments were unsupported from the epistemological and
methodological standpoints of complex system theory.3
It appears that Wendt and many
other post-positivists in IR have, to
some extent, grasped the nonlinearity
of social systems. However, they missed
to follow through the study of nonlinearity with the appropriate modeling
methods and instead used hermeneutic
and subjective analyses. This trend is
pitiful because the computational techniques offered by complex system theory and agent-based modeling would
have allowed them to make large-scale
models of system dynamics generated
bottom up using the “inside view” that
they favor.
In sum, whereas positivist scholars bluntly ignored nonlinearity in international affairs, post-positivists ignored the methodologies and analytical
tools that could be used to study it. Consequently, both scholarships “missed
a lot” by not being able to observe or
explain the emergent global dynamics
resulting from nonlinear interactions
of composite agents in the international
system (Richards, 2000a, p. 2). As Diana Richard (2000a) wrote:

Dunne et al. give a definition of the international system that seems taken from a complexity theory textbook: “contemporary international political system is best understood as a complex open
system, which displays ‘emergent properties’ and degrees of ‘organized complexity.’” Yet, they never
mention complexity theory in their paper, and instead advocate that “integrative pluralism” is the
most appropriate research framework to study complex systems (Dunne et al., 2013, p. 417).
Wendt develops his arguments using, and decontextualizing, a taxonomy drawn from complexity
theory. For instance, he refers to emergence, self-organization, negative and positive feedbacks,
upward causation, boundary conditions, etc (Wendt, 1987, p. 369; Wendt, 2003, p. 498). However,
he does so without using the epistemological framework of complexity theory. Moreover, his studies do not use any form of computational modeling, which is a standard methodological practice
to study CAS (Earnest & Rosenau, 2006, p. 145). For these reasons, Wendt’s interpretation of the
international system as a CAS appears to be subjective and dogmatic.
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No wonder very few clear empirical relationships have been
found over decades of political
science. If it is a nonlinear world
and we are looking with “linear
vision,” then we can only catch a
small portion. Furthermore, our
models of constant effects will
miss something fundamental
about what we are studying; as
the saying goes, it’s like throwing
a dead bird to model the flight of
a live bird. (p. 2)
As this paper advocates, it is time
for IR to stop missing out. Hence, the
need for IR to embrace complex systems theory, pose much-needed ontological and epistemological questions,
and develop a new taxonomy that will
improve interoperability between different epistemological communities
and provide the basis for nonlinear
modeling in IR.
IR is a discipline that traditionally does not shy away from importing
theories from other fields of studies.4
Nevertheless, there has been only limited cross contamination with the field of
complexity theory. Arguably, lack of dialogue and interdisciplinarity has largely been caused by a linguistic cleavage
among different epistemological communities in the discipline. It appears
that while all communities deal with
the same field of study and use the same
language, each of them has a different
cognitive understanding of concepts,
terms, and vocabulary.
4

Lack of cross-contamination
among the communities is thus fostered
by a lack of understanding among them.
An effort of “translation” among taxonomies has been attempted in the book
Complexity in World Politics: Concepts
and Methods of a New Paradigm, edited
by Neil E. Harrison (2006a). Where the
first two chapters, written by Harrison
and Singer, provide a seminal taxonomy of complexity science for the use of
social scientist. However, communication is not the sole impediment to the
spread of complexity theory in IR. The
discipline is also divided among methodological communities. The divisions
are furthermore aggravated by the fact
that, as Richards (2000a) writes, methodologists are known to “suffer change,”
especially when they are too comfortable with their own methods (p. 3).
As it is today, the IR literature that
has used complexity science is mainly
found in the book series titled Princeton
Studies in Complexity, and in two collections of essays; the above-mentioned
Complexity in World Politics, and Political Complexity: Nonlinear Models
of Politics edited by Richards (2000b).
Complexity in World Politics collects
ten papers, including: An introductory
article by Harrison and Singer (2006)
that compares IR systems theory with
complex systems theory. An essay on
conflict resolution by Dennis Sandole
(2006) that uses complexity to reconsider “theories of identity-based conflict in
the post-9/11 world.” A paper by Walter
Clemens (2006) that uses complex sys-

IR has borrowed political theory, philosophy, and history from the humanities; economics, sociology, and law from other social sciences; and math, physics, and statistics from natural sciences
(Dunne et al., 2013, p. 419).
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tems theory to explain why only a few
(and fit) ex-Soviet states were able to
integrate into the EU. An insightful essay by Matt Hoffmann (2006) that studies coevolution and adaptations in the
context of the creation of international
regimes. An agent-based model by Ravi
Bhavnani (2006) on the spread of violence in the 1994 Rwandan genocide.
In addition, lastly, a chapter written by
Robert Axelrod (2006), which ponders
the role of simulation in IR and social
sciences vis-à-vis traditional inductive
and deductive methods.
The book Political Complexity
is instead focused on political science
and only few of its chapters touch upon
international relations. Among those
who do, are worth mentioning: Richards’ (2000a) paper on nonlinear modeling, which reframes political science
under a complexity theory framework,
and her paper on nonlinear dynamics
in games, which provides an example
of modeling for international environmental regimes.
The Princeton Studies in Complexity Series has published 14 fulllength books on complexity theory that
ranges from biology to economics and
political science. Those of particular interest for the field of IR are: Axelrod’s
(1997) book The Complexity of Cooperation, which uses agent-based modeling and genetic algorithm to study
cooperation and meta-norms. Lars-Erik Cederman’s (1997) book Emergent
Actors in World Politics, which reviews
traditional IR scholarship and simulates
state formation and “balance of power”
in complex adaptive systems. And Joshua M. Epstein’s (1996, 2007, and 2013)

coauthored books, Generative Social
Science, Agent Zero, and Growing Artificial Societies. Epstein’s trilogy provides
a foundational framework for studying social dynamics with agent-based
modeling. The book Growing Artificial
Societies uses complex systems theory
in a holistic way to recreate in silico an
entire society made of composite agents
that, with a distributed artificial intelligence, reproduce, create, consume and
trade resources. The book is particularly relevant because it provides case
studies on how to “discover fundamental local or micro mechanisms that are
sufficient to generate the macroscopic
social structures and collective behaviors of interest” (Epstein & Axtell, 1996,
pp. 12–16).
While there is a growing body
of literature in social sciences that uses
complexity science, the largest body
is still found in natural and computational sciences (Henrickson & McKelvey, 2002). Fortunately, due to the
interdisciplinary nature of complexity
science, each theoretical advancement
in a discipline quickly translates to an
overall progress for all the others. For
instance, the contribution of Stuart A.
Kauffman’s (1993) seminal book titled
The Origins of Order goes beyond the
field of evolutionary biology and invests
any scholar that uses complexity theory. A social scientist might as well find
in Kauffman’s elegant use of modeling
techniques a source of inspiration for
modeling social dynamics. Similarly,
John H. Holland’s (1995) book Hidden
Order introduces computational techniques that have been used in several
fields of study and for different purpos-
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es, including the modeling of aggregate
social behavior to the development of
artificial intelligence. Among the most
recent scholarship focused on the study
of CASs are also worth mentioning
Nino Boccara (2004), Claudius Gros
(2011), and Allen B. Downey (2012),
who have published very informative
books focused on modeling techniques
from mathematical and computational perspectives. These books, together
with Uri Wilensky and William Rand’s
(2015) An Introduction to Agent-Based
Modeling, provide a comprehensive
overview and a good groundwork for
any research project that tries to study
the international system using complex
systems theory.
Only a handful of scholars have
advocated for the use of complexity theory as an overarching theoretical framework of IR, and fewer among them have
used its modeling techniques to study
the international system. Those who
did, however, have succeeded in tackling fundamental issues of international
affairs, such as the creation of international regimes, cooperative behavior
and the emergence of nation-states (e.g.
Axelrod, 1997; Cederman, 1997; Harrison, 2006a). Yet, while their findings
have been widely acclaimed, their theoretical frameworks and methodologies
have never gone mainstream among IR
scholars. As advocated in this section,
it is time for IR scholars to go beyond
analogies on complexity and realize
that the international system is a complex adaptive system. Only then, under
complexity theory’s epistemological
5

warrant and methodologies, they will
be able to study the international system for what it really is: a system that
lacks centralized control and that is
composed of a large number of adaptive
agents interacting in a nonlinear fashion that gives rise to emergent behavior
and principles of self-organization.

Concepts and Ideas for a New
Methodological Approach to IR

C

omplexity science aims to develop cross-disciplinary insights
into complex systems by using
a methodology that is a combination
of experimental, theoretical, and computer simulation (Mitchell, 2015a).
Complex systems, which can be either
complex adaptive systems (CASs) or
complex physical systems (CPS), are
studied in several different disciplines,
including evolutionary biology, immunology, genetics, information science,
dynamics, economics, and sociology.
To define a complex system, it is
better to put aside the concept of complexity, and, as Holland (2013, Chapter 1) and Boccara (2004, p. 4) suggest,
focus on the properties of the system.
Complexity comes in many different
forms and shapes, and different disciplines tend to have different definitions
and measurements of complexity.5 Nevertheless, most complex systems share
the same properties of nonlinearity,
emergent behavior, self-organization,
and information processing. Hence,
a complex system can be defined as a
“system composed of a large number of

As Seth Lloyd has catalogued, there are more than 40 different measures of complexity, among
which: Shannon information, the degree of hierarchy, and schema length (Lloyd, n.d.).
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interacting components, without central control, whose emergent ‘global’
behaviour—described in terms of dynamics, information processing, and/
or adaptation—is more complex than
can be explained or predicted from understanding the sum of the behavior
of the individual components” (Santa
Fe Institute, n.d.). Some of these properties, as lack of central authority, are
self-explanatory, but others deserve to
be briefly explained.
Nonlinearity in mathematics
implies nonadditivity (Boccara, 2004,
p. 56). A linear system is one that can
be inferred “by understanding its parts
individually and then putting them together,” but “a nonlinear system is one
in which the whole is different from
the sum of the parts” (Mitchell, 2009,
pp. 22–23). Hence, nonlinear relationships between agents in a system imply
“that an independent variable does not
have a constant effect on the dependent
variable” (Richards, 2000a, pp. 1–2).
Nonlinearity is also closely related to
the concept of sensitive dependence on
initial conditions and chaotic behavior.
The idea of sensitive dependence
on initial conditions was first formalized
by the mathematician Henri Poincaré
at the end of the nineteenth century.
Poincaré noticed that the initial configurations of a system play a determining
role in setting the subsequent states of
the system, and “when the sensitivity is
high, slight changes to starting conditions will lead to significantly different
conditions in the future” (Santa Fe Institute, n.d.). Systems with sensitivity to
initial conditions often manifest chaotic
behavior, which is a specific dynamic

where systems change following trajectories that appear to be random (Mitchell, 2009, p. 32). As it has been proved,
even a simple and deterministic equation as the logistic map, which is used
to describe population growth in the
presence of overcrowding, can lead to
chaotic behavior even if its parameters
are determined exactly. As it can be inferred, sensitive dependence on initial
conditions renders perfect prediction
in modeling impossible in principle because variables cannot be measured “to
infinitely many decimal places” (Mitchell, 2009, p. 33).
Emergent behavior is as well related to the principle of nonlinearity.
Emergent properties can be defined as
“global-level attributes of a system that
arise from the interactions of the components of the system, and that are not
explainable by the behavior of individual components of the system or the
sum of the components acting as individuals” (Santa Fe Institute, n.d.). It is
important to underline that emergent
properties at the systemic level are an
outcome of the nonlinear interaction of
agents, and not of the agent’s properties
(Boccara, 2004, p. 97). Hence, knowing
the rules to which agents obey is not
enough to predict the behavior of the
system. The system is computationally
irreducible, and, for this reason, CASs
has neither reductionist explanations
nor yield to compact forms of representations (Mitchell, 2015a).
Self-organization, as defined by
Melanie Mitchell (2015b), is itself an
emergent phenomenon, which can be
described as the “production of organized patterns, resulting from localized
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interactions within the components of
the system, without any central control.” In other words, self-organization
creates stable macroscopic patterns
arising from the local interaction of
agents with limited information and
computational power (Epstein & Axtell, 1996, p. 35). One generic pattern of
self-organization is the one of “self-organized criticality,” which implies “that
from any initial condition, the system
tends to move toward a critical state,
and stay there, without external control” (Bak, Tang, & Wiesenfeld, 1987,
p. 381; Downey, 2012, p. 81). Self-organization, as it will be further explained
later, requires the system to signal and
process information.
If we want to define the international system as a CAS, we can say that:
the international system is composed
of many diverse, interconnected, and
interdependent agents that iterate nonlinear relationships from which multilevel behavior evolves and emerges.
Because of non-linearity, lack of central coordination, and the presence of
lever points—the international system
should not be studied with traditional
positivist methodologies that assume
linearity (Holland 2013, Chapter 3).
Positivist theories are built inductively
or deductively, with the previous discovering patterns in empirical data, and
the latter specifying a set of axioms and
testing them (Harrison, 2006b, p. 139).
6

Complexity theory follows a third way
of doing science between induction and
deduction.6 By relying on computational simulation, it deductively sets axioms
and generates data that can be studied
inductively (Harrison, 2006b, p. 139).
Since CASs are irreducible, scholars ultimately need the assistance of simulation to be able to explain those (Earnest
& Rosenau, 2006, p. 145).
To conclude, studying complexity does not require a paradigm shift in
the way IR is studied. However, it does
require some change in the criteria that
scholars use to observe the world and
build theories. When scholars model
complexity, they need to shift from continuous to discrete, from linear to nonlinear, from deterministic to stochastic, from abstract to detailed and from
homogeneous to composite (Downey,
2012, p. 4). In addition, also their purposes in research have to change; studies should be explanatory and not necessarily predictive, models should be
instrumental and not realist, and theories should be holistic rather than reductionist (Downey, 2012, p. 4).

For a New Understanding
of International Relations
A New Grammar and Taxonomy
Ontology and epistemology dictate
what can be classified in a taxonomy,

“But unlike deduction, simulation does not prove theorems with generality. Instead, simulation
generates data suitable for analysis by induction. Nevertheless, unlike typical induction, the simulated data come from a rigorously specified set of assumptions regarding an actual or proposed
system of interest rather than direct measurements of the real world. Consequently, simulation
differs from standard deduction and induction in both its implementation and its goals. Simulation
permits increased understanding of systems through controlled computational experiments” (Axelrod, 1997, p. 4).

119

Journal on Policy and Complex Systems

and methodology helps to shape the
semantics of the language spoken in a
discipline. For this reason, positivism,
constructivism, and complex systems
theory held a different cognitive understanding of basic IR concepts. They use,
in other words, different semantics and
taxonomies.
The scope of this section is twopronged: defining a taxonomy of IR
rooted in the propositions of complex
systems theory to improve interoperability between different epistemological
communities, and outlining a formal
grammar to set the basis for modeling
the international system as a CAS. It
is necessary to update IR’s taxonomy
because the discipline has no standard
language for analyzing the agent actions that construct the international
system.7 Actions that are driven by concepts, such as adaptation and coevolution, which are novel to IR and have yet
to be systematically contextualized.
In addition, a well-defined taxonomy and grammar are also needed to
standardize a language that is both capable of describing emergent phenomena and at the same time following a
syntax suitable for computational modeling. As Holland (2013) suggests, a formal grammar for studying CASs should
be composed of “a set of generators (e.g.
a vocabulary), and a set of operators for
combining the generators into meaningful strings (e.g. sentences)” (Chapter
6). The purpose of the grammar is “to
generate a corpus (set) that describes
the states (sentences) that can occur
7

under the grammar’s rules” (Holland,
2013, Chapter 6). Only with this formal
grammar, Holland argues, it is possible
to deconstruct and understand complex adaptive systems.
Through deconstruction, a system can be divided into Lego-like parts,
also called building blocks, which serves
as generators that can be put together
to yield different emergent states of the
system (Mitchell, 2009, p. 110). In the
spirit of Descartes’ (1637) treatise Discourse on the Method, the aim of deconstructing a system into building blocks
is “to divide all the difficulties under
examination into as many parts as possible, and as many as were required to
solve them in the best way” (p. 17). In
the study of CASs, the difficulties are the
emergent properties, and the parts are
the building blocks.
However, knowing what the
parts of a system are is not enough to
explain how a system behaves. The aggregate properties of the international
system, such as migration and war, are
“not well-described by summing” or averaging the acts and properties of single individuals (Holland, 2013, Chapter
6). This is because emergent behaviors
do not arise from the proprieties of the
building blocks, but instead from the
iteration over time of adaptive interactions between agents (Mitchell, 2009, p.
6). Knowing the generators of a system
is not enough to understand aggregate
behavior. Instead, we need to know how
the generators are combined together to
yield emergent behaviors.

As pointed out in the first section, this is true for positivism, but only partially true for post-modern
theories of IR. As it was shown, some constructivists take into account the interactions between
agents. Indeed, some of the concepts that they use resembles others of complexity theory. Nevertheless, the two epistemological communities still have different semantics (Holland, 2013, Chapter 1).
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In conclusion, decomposing a la
Descartes is useful only if the deconstruction is orderly and descriptive of
the agent actions that construct the international system. Hence, the purpose
of a formal grammar is to conduct our
thoughts, and modeling procedures, in
a given order that is representative of
the nonlinearity of the system,8 with the
aims being logical clarity and interoperability with the syntax of programming
languages used for agent-based modeling (ABM).
The following sections serve to
provide an overview of IR based on
complex systems theory. The next three
sections will individuate the generators
of the international system, explain
how these generators combine to yield
together emergent behaviors, and infer
what these emergent behaviors entail
for the international system.

Generators: Agents and the
Translevel Nature of International
Relations
The concept of agent is instrumental
and is used to identify the foundational
building blocks of a CAS. Like any other
building block, an agent is a generator
whose properties and interactions give
rise to aggregate behavior. Depending
on the discipline, scholars tend to have
different definitions of what an agent
is; however, there are a few common
properties that can be traced among the
scholarships.
8

The first property of an agent
is autonomy (Macy & Willer, 2002, p.
146). An agent, by definition, exists
autonomously from the system. It possesses unique internal states and rules
of behavior that allow him to operate
autonomously with the environment
and with other agents (Epstein & Axtell, 1996, p. 5). The second property is self-containment. An agent has to
be bounded, identifiable, and discrete
(Macal & North, 2009, p. 87). The third
property is interdependence. Agents’ internal states and rules of behavior are
continuously evolving and adapting
through interaction with other agents
and the environment. Interdependence
is also tied to the concepts of adaptation,
coevolution, and fitness. Beyond these
general properties, there is also a widespread consensus that agents should be
adaptive, which means that they should
change their internal stimulus-response
rules based on a process of learning or
evolution (Macy & Willer, 2002, p. 146).
Agents act, think, and process
information autonomously based on
their internal states and rules of behavior. Internal states are the attributes of
an agent. Humans, for example, have
many attributes that define them, such
as genes, physical properties, economic
preferences, political identity, wealth,
and skills (Epstein & Axtell, 1996, p.
4). Rules of behavior are an assortment
of simple stimulus-response rules that
determine in which ways an “agent can
change the state of the environment,

This argument differs drastically from the Descartes’s view, which claims that the purpose for deconstruction is “to conduct my thoughts in a given order, beginning with the simplest and most
easily understood objects, and gradually ascending, as it were step by step, to the knowledge of the
most complex; and positing an order even on those which do not have a natural order of precedence” (Descartes, 1637, p. 17).
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other agents, or itself ” (Wilensky &
Rand, 2015, p. 209). We can think of
each rule as characterized by a receptor
IF and an executor THEN. To make an
example, if there is an election, a citizen
will use the detector “IF today is an election day” to execute the effector “THEN
go to vote.” The rule could also be more
precise and use multiple detectors and
effectors at the same time. Because of
adaptive learning, agents do not always
execute the same rule when faced with
the same input; instead, they learn from
their past and “change their behavior in
the future to account for this learning”
(Wilensky & Rand, 2015, p. 230).
To understand system-wide behavior, it is essential to have a clear understanding of the granularity of the
system, which is composed of agents,
meta-agents, and sub-agents,9 with
agents being the fundamental generators of the emergent behavior of interest. Meta-agents can be quasi-bounded
and possess certain degrees of autonomy; however, their behavior can only
be inferred as an outcome of agents’
actions and interactions (Harrison,
2006a, p. 9). For example, the behavior
of a nation-state in the international
system cannot be inferred outside of
the context that has generated it. Social
organizations are neither self-contained
nor autonomous. They are meta-agents
generated by the primary agent of social
systems: humans. In turn, agents are interdependent , and their behavior can
only be understood from a system-wide
perspective that takes into account coevolutionary dynamics.
9

In other words, thinking in terms
of adaptive agents requires us to consider the international system as a complex
whole. A whole that cannot be divided
into levels of analyses, as IR scholars
often like to do. As Wilensky and Resnick (1999) wrote, levels of analysis are
used to provide three different kinds
of views: organization-chart view, container view, or emergent view. The first
one is used to think of structural hierarchies within institutions, companies, or
organizations. Levels, in this case, serve
to conceptualize chains of command
and organization-charts. The container view, widely used in IR scholarship, “is based on the idea of parts and
wholes” (Wilensky & Resnick, 1999, p.
5). This view “differs from the organization-chart view” because “the lower-level elements are parts of the higher-level
elements” (Wilensky & Resnick, 1999,
p. 5). For example, a month is part of a
year (container view), but an employee
is not part of the employer (organization-chart view).
The third view is similar to the
container view but focuses on “levels
that arise from interactions of objects
at lower levels” (Wilensky & Resnick,
1999, p. 5). The difference between
emergent and container view is subtle.
After all, one might argue that just as a
week is made of days, a state is made of
people. However, the state–people relationship is significantly different. For a
start, the composition of the state keeps
changing; people leave, come, and die,
so do companies, organizations, institutions, and laws. Furthermore, the state

Agents are composed of sub-agents, and meta-agents are composed of agents. In agent-based modeling, it is often said that “it’s agents all the way down” (Wilensky & Resnick, 1999, p. 1).
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“arises from interactions among” the
people, and it is not just a simple accumulation of people (Wilensky & Resnick, 1999, p. 5). As Wilensky and Rand
(1999) argued, “months do not interact
to form a year; they simply accumulate
or ‘add up.’ A year can be viewed, essentially, as a long month” (p. 5). However,
a state is not just a big person. The difference is qualitative (Wilensky & Resnick, 1999, p. 5).
IR theory has largely relied on
a container view of the international
systems. Usually, dividing the system
into three arbitrary level of analysis:
the individual level, the state level, and
the international level. These levels,
also called images, have been used by
scholars to study the phenomena of interest in isolation from the rest of the
components of the system (Wilensky &
Resnick, 1999, p. 5). However, by isolating a single phenomenon in a level of
analysis, scholars lose the ability to see
the emergent view and individuate the
micromechanisms that are sufficient
to generate the macroscopic behavior
of interest (Vicsek, 2002, p. 131). This
happens because these mechanisms are
the outcome of cascading effects and
chains of causalities that move from the
micro to the macro, or vice versa, and
therefore, can only be grasped through
a multilevel perspective. Consequently,
complex system theory breaks the distinction between the realm of domestic
and international politics. International
politics is the outcome of the interactions of agents and meta-agents at the
domestic and at the international level.
Hence, it is not possible, as explained
in the previous section, to understand

the international system without considering how it has emerged from it the
lower levels of interactions among the
people.
To conclude, by conceptualizing international relations in terms of
levels of analysis as container views,
IR scholars have repeatedly fallen into
the trap of “slipping between levels to
attribute properties of one level to another” (Wilensky & Rand, 2015, p. 13).
Idealists and realists slipped from the
individual to the aggregate by giving
human attributes to the state (e.g. states
have national interests and are power
seeking). Neorealist slipped from the
aggregate to the individual by deriving
the properties of states from the anarchic international system (e.g. states
have to self-help and are security maximizers). Both cases are an example of
the failure of integrative understanding,
which bars to see states as meta-agents
qualitatively different from the agents
that compose them (people) and the
environment that they inhabit (international system).

Operators: Adaptation, the Higher
Order Rule of International
Relations
Adaptation occurs at the agent level
through learning and at a systemic level
through evolution. Overall adaptation
goes in hand with coevolution. The internal attributes and rules of behavior
of an adaptive agent constantly change
through interaction with the environment and with other agents. As Hoffman explains:
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When some agents change their
behavior, this alters the system
for the other agents. A new context “forces” agents to alter their
rule models as the context determines what goals, interests, and
behaviors are appropriate or fit.
Adaptive agents are always trying
to “fit” with their context. When
their internal rule models fit their
context, the agents are successful.
When their rules do not fit, the
agents are not successful. System
change results when innovation
on the part of a subset of agents
throws the system rules into flux
and other agents then adapt their
rule models and therefore their
actions and interactions. [ ... ]
The system rules, produced by
agent actions and interactions,
do more than constrain potential
actions; they become incorporated, through the evaluation process, into the agents’ rule models
[emphasis added]. (Hoffmann,
2006, p. 98)
As it can be inferred from this
dense block quote, adaptation is a process that shapes the behavior of agents,
meta-agents, and systems. Using the
grammar defined in this section, it can
be said that whereas agents are the generators of the corpus, adaptation is the
grammatical rule under which the generators combine to make a meaningful
sentence.
To understand how adaptation
works, it is useful to borrow from computer science and look at how adaptive
agents are programmed in ABM and

other computational models. Agents
are adaptive if they can perform three
procedures: performance system, credit
assignment, and rule discovery (Holland, 1995, p. 42). These procedures,
which happen naturally and often unconsciously in humans, are useful for
the scope of this paper to describe how
adaptation occurs at large.
The performance system procedure has already been introduced in the
previous section in the form of internal
attributes and rules of behavior. To recap, a performance system “specifies
the agent’s capabilities at a fixed point
in time” and what an agent “could do in
the absence of any further adaptation”
(Holland, 1995, p. 88). In the words of
Hoffmann, the internal attributes and
rules of behavior:
Represent the agent’s internal (or
subjective) understanding of the
world (the larger system) around
them. They allow the agents to
perceive and define their situation, predict the consequences of
action, and act. In most applications of adaptive agents, the rules
are behavioral, but they can also
represent identities, interests, and
goals. (Hoffmann, 2006, p. 98)
The second procedure, credit
assignment, requires the introduction
of the concept of fitness in order to be
understood. Fitness is a concept that in
mathematical genetics is used to represent the “ability of an organism to produce successful offspring” (Holland,
1995, p. 65). In complex systems theory
and computer science, fitness is instead
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used to measure “the overall strength”
of an internal rule of an agent (Holland, 1995, p. 65). The underlying idea
is that not all stimulus-response rules
are equally effective in achieving agents’
goals or in guaranteeing their survival. To make an example, if we think in
terms of survival of an agent, an “IF I
see the cliff, THEN go straight” rule is
less fit than one that has an effector that
says, “THEN turn 180 degrees.”
In order to understand which
rules are fit, an adaptive agent assigns
credit to each rule based on the payoff
received after that the rule has been
effected. However, if there is no direct
reward after the execution of a rule, an
agent is faced with a dilemma regarding
credit assignment. If my rival increases defense spending, should I also increase mine in the eventuality of war?
If the war never occurs, how do I measure the payoff of rearming vis-à-vis not
rearming, or rearming just a little? This
is what it is called a credit assignment
problem. An agent has to be able to assign credit to rules that (1) have no direct payoff, and (2) are part of a chain of
action that is not yet concluded.
In the first case, the problem can
be addressed by using a mechanism
that in mathematics is described by
bucket brigade algorithms. This mechanism serves to strengthen the credit of
rules that belong to a chain of actions
that ends with a good payoff (Holland,
1995, p. 56). For instance, the rule that
says “preemptively arm” would be rewarded with a high payoff only if it is
part of the chain of actions that has led
to the overall survival of the agent. In
the second case, since the chain of ac-

tions is not yet concluded, an agent has
to be able to think and simulate the future. As Holland suggests, he can do so
by building internal models and discovering new rules.
Rule discovery creates new internal rules through a process that mimics
evolution. This mechanism has well represented Holland’s genetic algorithms,
which serve to combine and crossover
rules of behavior to create plausible and
fit new rules (Holland, 1995, p. 57). Like
in chromosomal crossover, genetic algorithms select couples of high credit rules
and then cross them over with elements
of randomness to create an offspring
rule. In turn, the child rule is evaluated
and, if considered strong, crossed over
with another rule. Over time, the outcome of this procedure fosters in the
selection of new rules of behavior and
strategies with high potential.
Explaining in detail how to program an adaptive agent is out of the
scope of this paper. The reader will find
in the bibliography useful sources that
exhaustively explain how to program an
ABM with properties of credit assignment and rule discovery. For the scope
of this study, what are of interest are the
underlying rules of the process of adaptation, which if contextualized to IR can
provide novel insights and new understandings. In particular, the concept of
adaptation is fruitful to rethink agents’
behavior in international politics.
Regarding behavior, one common assumption of positivist IR theory
is that humans, and therefore states, are
to some extent rational; if not fully, at
least in bounded terms. Rationality is in
this sense the higher order rule of struc-
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tural IR theories. For instance, neorealism derives agents’ behavior from the
system in the assumption that all the
units of the system would act similarly if
posed is the same situation or under the
same system’s constraints. Since the assumption of rationality implies that the
units of the system share equal internal
rules, equal environmental inputs result
in equal and static behaviors. As Axelrod argues, rational choice and structural theories assume that behaviors are
a given, and do “not worry about where
they come from” (Axelrod, 1997, p. 95).
Conversely, in complex systems
theory, rationality is not a given, but
a construct. Rationality is an abstract
concept that agents use to refer to a
specific set of rules that they see as fit.
However, this specific set of rules is
not objective as in structural theories.
Instead, it is subjective, or (at best) intersubjective among a defined group of
agents that are part of the same breed or
niche. Adaptive agents do not share the
same set of rules of behavior, nor assign
fitness to their internal rules equally.
Indeed, depending on coevolution and
adaptation, a single rule might have
very different levels of fitness among
the population (Harrison, 2006a, p. 9).
The fitness of rules even changes over
time within an agent due to learning
and coevolution. In sum, it is devious
to talk about rationality, especially in a
singular form, because there is no such
a thing as a rational or irrational behavior. What we commonly define as rational behavior is a consequence of our
actions and not a premise to them. The
premise is adaptation: the higher order
rule of CASs.

Adaptation allows us to go beyond behavioral assumptions that flatten the heterogeneity of the international system and assume states to be acting
under unifying and static principles.
Whereas structural theories generalize
contextual and particular patterns of
behavior to all the units of the system,
complex systems theory goes one step
deeper and generalizes how behavior
emerges among the actors of the system. The difference between the two approaches is fundamental. In neorealism
and structural liberalism, maximized
power/security and utility are assumed
as general behaviors; in complexity theory, they are just some of the emergent
behaviors that actors can happen to
have. Just as for rationality, those behaviors are a consequence of actions and
not a premise to them. They are partially
incidental, and partially the outcome of
a selection of fit rules made by agents.
In addition, by using the concept
of adaptation, agents and systems can be
theorized dynamic. Behaviors change
over time in a process where evolutionary changes in one agent “induce coevolutionary changes” also in the other
agents (Gros, 2011, p. 206). The system
itself gains a role that goes beyond the
one usually assigned to it by structural
IR theories. Not only it acts as a constraint to the agents, as neorealism says,
but it becomes a generator for new internal rules of behavior of the agents (Hoffmann, 2006, p. 98; Waltz, 1979, p. 109).

Corpus: Information Processing
and Self-Organization
Adaptive agents generate self-organization and entropy-defying behavior at

126

Rethinking the International System as a Complex Adaptive System

the system level (Mitchell, 2009, p. 40).
Self-organization, as previously mentioned, arises from the local interaction
of agents with limited information and
computational power and creates stable
macroscopic patterns at the aggregate
level (Epstein & Axtell, 1996, p. 35). It
entails that systems themselves compute information.
Organized behavior occurring without centralized control is the outcome
of parallel information processing at
the individual and aggregate level.
Agents process information, as previously explained, by using internal rules
of behavior. Information for them is
something static and specifically located. It is something that is fed to them
or that they retrieve something passive
that they can precisely or statically locate in a particular place of the system
(Mitchell, 2009, p. 180): a page on the
Internet, a book in a library, a law in
the civil code. Information, however,
comes in another shape and forms at
the aggregate and social level.
In biology, information is often referred as “analog patterns distributed in
space and time over the system” (Mitchell, n.d.). Instead of being something,
static and statistically located, information takes “the form of statistics and
dynamics of patterns over the system’s
components” (Mitchell, 2009, p. 180).
Because data are encoded “as statistical
and time-varying patterns of low-level components,” no single agent “of the
system can perceive or communicate the
‘big picture’ of the state of the system”
(Mitchell, 2009, p. 180). In other words,
information cannot be retrieved deliberately; therefore, the system has to rely on

agents sampling data in a stochastic and
decentralized manner (Mitchell, n.d.).
Accordingly, social organizations make sense of system dynamics
via agents working together in a “parallel fashion” and acting with elements of
randomness (within the boundaries of
self-regulation) to sample and explore
information across the whole system
(Mitchell, 2005, p. 4; Zhong et al., 2005,
p. 137). Randomness, in turn, is always
adjusted by coevolutionary dynamics
and occurs in a back-and-forth of bottom-up and top-down processes that
channel agents’ behavior. As Mitchell
writes:
As in all adaptive systems, maintaining a correct balance between
these two modes of exploration
[bottom-up and top-down] is
essential. Indeed, the optimal
balance shifts over time. Early
explorations, based on little or
no information, are largely random, unfocused, and bottom-up.
As information is obtained and
acted on, exploration gradually becomes more deterministic,
focused, and top-down, in response to what has been perceived by the system. (Mitchell,
2005, p. 5)
Having discussed what plays the
role of information and how information is sampled, the final part of this
section addresses what is the meaning
of information and why information
processing leads to self-organization in
the international system. The meaning
of information is important because
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agents decide their course of actions
upon it. The meaning is always subjective and contextual; however, agents
use shared criteria to assign meaning
to information. In biological terms, the
meaning of information is tied to fitness and survival. Information means
something to an agent based on how
it affects its fitness (Mitchell, 2009, p.
184). Henceforth, the appropriate response to an input is one that increases
the overall agent fitness.
Fitness and versatility in rules of
behaviour are what determine the overall fitness of an agent (Holland, 1995,
p. 63). Since adaptability is an essential
attribute for agents survival, the success
of an agent does not derive from its “raw
power plus cunning,” as social Darwinists and realists believe, but from its
ability to cope with the complexity of
the system, to process information and
discover new fit rules (Clemens, 2006,
p. 74). Moreover, agents’ fitness are intertwined in a coevolutionary process
(Clemens, 2006, p. 75). For instance, in
“an arms race, the peaks of a predator
and its prey may gain or decline according to changes in their offensive and
defensive capabilities” (Clemens, 2006,
p. 75). If the attacker gains a new lethal
attack tactic, his fitness peak will rise,
and the one of the prey will decrease.
However, if the prey develops a counter
tactic, the peak of the attacker will decrease. Yet, both will be better off than
the rest of agents that have not been part
of the coevolutionary process, which
did not adapt to the new offensive and
defensive tactics.
However, the concept of fitness is
possible to understand the evolutionary

function of self-organization. Self-organization emerges from the coevolution
of rules of behavior among adaptive
agents as an evolutionary response to
the complexity of the system. Via organization, agents are able to process
information collectively and increase
their computational power. In addition, self-organization increases deterministic and focused behaviors among
agents, with the outcome of increasing the overall efficiency of the system
(Mitchell, 2005, p. 5). In other words,
self-organization acts as a magnifier for
coevolution of fit rules among agents.
Social organizations, and in particular the nation-state, are systems
with strong self-organization and topdown processes that channel agents
into increasingly deterministic and focused behaviors. They have no purpose
outside of those defined by their components. Nevertheless, they do have
an inherited function, which is one of
the favoring coevolutions and promoting fit rules among their population.
For example, nation-states execute this
function by balancing bottom-up and
top-down processes with institutions,
unfocused and focused behavior with
norms, randomness, and determinism
with redistribution.
Conversely, the international
system has only a “passive” role in favoring coevolution. Whereas states act
as meta-agents to promote fit behavior,
the international system is only a place
where coevolution takes place: a medium for agents to interact and adapt to
each other. System-wide self-organization still subsists, but it is less structured
and less resilient. Partially it is so be-
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cause the system is composed of many
different heterogeneous components,
each embedded in a different niche and
each with its own environmental and
social context. In addition, partially it
is so because information processing
on a global scale is computationally expensive. Which means that information
sampling has to rely even more on randomness and loosely regulated explorative behaviors. In this sense, disorder
in the international system should not
be seen in a negative light.10 Far from
being a source of chaos, self-organized
anarchy in the international system
bends disorder to generate entropy-defying behaviors.11

Conclusion

T

his paper was set to formalize
a complex systems theory approach to the study of international relations. It defined a methodology capable of dealing with the
nonlinearity of international affairs
and proposed a new taxonomy for the
discipline built around core ideas of
complexity theory. The study has gone
some way toward enhancing our understanding of the international system
by proposing an alternative perspective
on international affairs that uses the

concepts of fitness, adaptation, coevolution, self-organization, and information processing.
The first section looked at the
state of discourse in IR and specified
why complex systems theory stands out
as a viable research method for dealing
with the multi-faced complex reality of
international politics. As it was pointed
out, complexity theory could potentially
integrate different IR school of thoughts
by using an inside–out view that mixes the ontological perspectives of constructivism and structural theories.
Moreover, complex systems theory provides novel analytical tools that could be
used to tackle the nonlinearity of social
systems, which instead is persistently ignored by traditional IR theories.
The second section introduced
the methodology of complex systems
theory and agent-based modeling. It defined the properties of a complex adaptive system and described the international system as composed of many
diverse, interconnected, and independent agents that iterate nonlinear relationships from which multilevel behavior emerges and evolve. As advocated in
this section, IR scholars should make
methodological changes in the way they
study international affairs. Modeling
should shift from continuous to dis-

10 As Walter Clemens writes, fitness is found in the middle ranges of the spectrum between ultrastability (rigid order) and instability (chaos). With “creative and constructive responses to complex
challenges [ ... ] more likely to be found close to the edge of chaos than toward the other end of the
spectrum” (Clemens, 2006, p. 74).
11 Self-organized anarchy differs from anarchy as conceptualized in neorealism. Whereas both imply lack of central control, only the former assume nation-states to be functionally differentiated
within the system. The role of randomness has largely been misunderstood in positivist IR theory
and it is one of the reasons why scholars have often been “slipping” between levels. Due to a widespread deterministic-centralized mind-set, there has been a tendency to believe that randomness
is disruptive of patterns and that stable organized patters arise under the coordination of a central
controller (Waltz, 1979, p. 97).
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crete, from linear to nonlinear, from deterministic to stochastic, from abstract
to detailed, and from homogeneous to
composite (Downey, 2012, p. 4).
The third section introduced a
new taxonomy rooted in the propositions of complex systems theory and
then used it to reframe the international system. Then it analyzed the granularity of the international system and
differentiated between agents (people)
and meta-agents (social organizations),
explaining that the latter should be
studied as structures that have emerged
from the adaptive interactions of the
former. After having exposed the multilevel nature of adaptive systems, the
section criticized the traditional compartmentalization of world politics into
levels of analysis, which prevents scholars to see the relationship between microspecifications and macrobehavior.
In the section on the “operators”
of the international system, it was inferred that adaptation is the higher order rule that drives agents’ behavior. It
was suggested that, instead of assuming
a unitary (and maybe rational) behavior for all agents, it would be better to
assume how behavior is constructed.
The section then described how adaptive behavior comes about through the
processes of performance system, credit
assignment, and rule discovery.
Lastly, the final section looked at
the outcomes of adaptive interactions
among agents and evaluated what is the
function of states and the international system. The research indicated that,
in the international system, not only
agents process information, but also
the system is actively doing so, with the

consequence being the establishment of
self-organization among agents. One of
the more significant arguments made
in this study is the one that self-organization is a property of systems that
emerges from coevolution of adaptive
agents as an evolutionary response that
serves to supply for agents’ limited resources and foresight.
From this perspective, it was
then possible to explain that states are
complex systems with strong levels of
self-organization and top-down processes that increasingly channel agents
into deterministic and focused behavior. Hence, the function of states was
suggested to be the one of the favoring
coevolutions and promoting fit rules
among their population. Conversely, it
was noticed that the international system remains only mildly self-organized.
With a possible explanation for this
characteristic being that disorganized
behavior is, to an extent, necessary for
the system to process global information, which takes the form of distributed patterns over the system.
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Abstract
This paper describes a series of explorations into scientific concepts
related to complexity and chaos and how they have been translated
into the world of business and organizations. In each of three cases,
a story of uncertainty was rewritten into a story of certainty. The
butterfly effect, which describes the impossibility of ascertaining
cause and effect in complex patterns, was transformed into a story
about a plucky little underdog who changes the world. The story of the keystone species, a critical ecological player defined by
its apparent unimportance, was repurposed into a story about the
benevolence of huge multinationals. The struggle of populations
to survive in an uncertain world was converted into a story about
an inevitable march to evolutionary perfection. The author investigates each of these “second stories” and ponders what they tell
us about our readiness to benefit from the not-always-comforting
insights of complexity theory. The paper ends with constructive
suggestions for getting ready to understand and benefit from complexity.
Keywords: complexity, chaos, business, organizations, narrative,
culture

Estamos listos para la complejidad
Resumen
Este documento describe una serie de exploraciones de los conceptos científicos relacionados a la complejidad y al caos y cómo
han sido traducidos para el mundo de los negocios y las organiza135
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ciones. En cada uno de estos casos, una historia de incertidumbre
ha sido reescrita como una historia de certeza. El efecto mariposa, que describe la imposibilidad de verificar la causa y efecto en
patrones complejos, se transformó en una historia de un pequeño
perdedor valiente que cambia el mundo. La historia de las especies
fundamentales, un jugador ecológico clave y que está definido por
su aparente falta de importancia, fue rehecha como una historia
de la benevolencia de las grandes multinacionales. La lucha de las
poblaciones para sobrevivir en un mundo con incertidumbre se
convirtió en una historia de una marcha inevitable hacia la perfección evolutiva. El autor investiga cada una de estas “segundas
historias” y se pregunta sobre lo que nos venden acerca de nuestra
preparación para beneficiarnos de la no siempre reconfortante información de la teoría de la complejidad. Este documento termina
con sugerencias constructivas para estar listos para comprender y
beneficiarnos de la complejidad.
Palabras clave: complejidad; caos; negocios; organizaciones; narrativa; cultura

我们准备好面对复杂性了吗？
摘要
本文描述了一系列关于复杂性科学和混沌科学概念的探索，
同时描述了这些概念如何转化为商业世界和组织世界的叙
事。本文研究的三个案例中，有关不确定性的叙事都被改写
为确定性叙事。蝴蝶效应原本描述的是复杂模式中起因和结
果的不可确定性，但在案例中却被转变成了一个勇敢的弱者
改变世界的故事。基石物种——这一看似并不重要的关键生
态参与者——的故事被改编为大型跨国企业行善的故事。全
民奋力在不确定的世界求生存的故事被转变为完美进化途中
不可避免的前行故事。作者调查了这些“转变后的故事”，
并深入思考了故事的启示，即我们能从这些并不总是舒心的
复杂性理论见解中获得什么益处。本文最后提出建设性意
见，以便我们为理解复杂性做好准备，并从中获益。
关键词：复杂性；混沌；商业；组织；叙事；文化
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n this paper, I will explore three scientific concepts related to complexity and how they have been used
(and misused) in the world of business
and organizations.
In my professional career, I have
seen complexity theory from three perspectives: as an evolutionary biologist,
as a science educator, and as a researcher in organizational and community
narrative. For example, a decade after
I applied complexity theory to the evolution of social behavior (Kurtz, 1991),
I applied it to organizations (Kurtz
and Snowden, 2003). As I kept coming
back to complexity theory through new
doors, I noticed some surprising things.
I pondered them for about a decade,
and then I just had to write something
down. The result was this paper, which
first appeared on my blog in 2010, and
which I have revised for this publication.

The Butterfly and the
Underbutterfly

M

differences at the start of a process (one
with a particular set of chaotic characteristics) could be amplified into large
differences later on.
The idea of sensitivity to initial
conditions was over half a century old
when Lorenz wrote about it. Mathematicians such as Maxwell and Poincaré pondered it around the turn of the
twentieth century. For example, Maxwell said in an 1873 lecture (as quoted
in Campbell & Garnett, 1882):
[W]hen an infinitely small variation in the present state may
bring about a finite difference in
the state of the system in a finite
time, the condition of the system
is said to be unstable. It is manifest that the existence of unstable
conditions renders impossible
the prediction of future events,
if our knowledge of the present
state is only approximate and not
accurate. (p. 440)
Poincaré (1903) wrote:

any know the story of how
meteorologist Edward Lorenz reran his simple weather
simulation and for convenience copied the starting values of some variables from a previous printout (Lorenz,
1963). Because of rounding in the printout, he left the last few digits off one of
the variables (instead of 0.506127, he
entered 0.506). Lorenz went to get a
cup of coffee and returned to find that
the repeat simulation had generated
a vastly different weather pattern. He
called this phenomenon "sensitivity to
initial conditions," meaning that small

[S]mall differences in the initial
conditions may generate very
large differences in the phenomena. A small error in the former
will lead to an enormous error
in the latter. Prediction then becomes impossible, and we have
the fortuitous phenomenon. (p.
66)
While Lorenz did not discover the possibility of sensitivity to initial
conditions, he was the first to create it in
practice. Maxwell and Poincaré would
have been as surprised as Lorenz to find
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such unpredictable systemic behavior
in the simple repetition of a handful of
calculations.
Lorenz's 1972 talk on the topic
was titled "Predictability: Does the flap
of a butterfly's wings in Brazil set off a
tornado in Texas?" His answer was an
emphatic "impossible to say" (Lorenz,
1995):

foot apart, rising at one-foot intervals all the way to the top of
the atmosphere. Suppose every
sensor gives perfectly accurate
readings of temperature, pressure, humidity, and any other
quantity a meteorologist could
want. ... The computer will still
be unable to predict whether
Princeton, New Jersey, will have
sun or rain on a day one month
away. At noon the spaces between
the sensors will hide fluctuations
that the computer will not know
about, tiny deviations from the
average. By 12:01, those fluctuations will already have created
small errors one foot away. Soon
the errors will have multiplied to
the ten-foot scale, and so on up
to the size of the globe. (p. 21)

If a single flap of a butterfly's
wings can be instrumental in
generating a tornado, so also can
all the previous and subsequent
flaps of its wings, as can the flaps
of the wings of millions of other butterflies, not to mention the
activities of innumerable more
powerful creatures, including
our own species. ... If the flap of
a butterfly's wings can be instrumental in generating a tornado, it
Now let me quote some lines
can equally well be instrumental
from
a
few business books on complexin preventing a tornado. (p. 181)
ity. From Goldstein (1994):
It was Laplace (1814) who put
The butterfly effect refers to how
forth the idea that if a magical demon
air currents from a butterfly flapcould know everything there is to know
ping its wings in Asia are ampliabout every atom in the universe, that
fied to influence the weather in
demon could predict the future with
North America! (p. 29)
perfect accuracy. Lorenz did not disprove Laplace’s idea (an omniscient deMerry (1995) explains it thus:
mon would not round numbers), but he
did show us that the demon would have
The inescapable conclusion is
to be far more omniscient than anyone
reached that man is living in a
had expected to have predictive power
world in which under certain
even in a simple, small simulation.
conditions, tiny causes can have
Gleick (1987) described the butterfly effect perfectly:

[S]uppose the earth could be
covered with sensors spaced one
138

enormous effects. This is called
the butterfly effect. ... The flapping of the wings of a butterfly in
Hong Kong can affect the course
of a tornado in Texas. (p. 30)
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differently. Yes, you could change
the weather. You could make it do
something different from what it
would otherwise have done. But
if you did, then you would never know what it would otherwise
have done. It would be like giving an extra shuffle to an already
well-shuffled pack of cards. You
know it will change your luck,
but you don’t know whether for
better or worse. (p. 21)

Wheatley (2006) says:
Edward Lorenz, a meteorologist,
first drew public attention to this
with his now famous "butterfly
effect." Does the flap of a butterfly wing in Tokyo, Lorenz queried, affect a tornado in Texas (or
a thunderstorm in New York)?
Though unfortunate for the future of accurate weather prediction, his answer was "yes." (p.121)
These excerpts, and almost all
business explanations of the butterfly
effect, transform it from a story of tiny
actions compounding in unpredictable
ways to a story of tiny actions having
predictable, controllable impacts. I have
taken to calling this second story the
underbutterfly effect, because its hero
is an underdog who changes the world.
The underbutterfly simply refuses to fall
in line with the millions of other butterflies (not to mention innumerable
more powerful creatures) whose feeble
flaps are lost in the sea of uncertainty in
which we live.

Another curiosity is that even
though Gleick illustrates the butterfly
effect so well in his metaphor of sensors
covering the earth, he also tells the underbutterfly story—seemingly without
noticing it (Gleick, 1987).
[S]ensitive dependence on initial
conditions was not an altogether new
notion. It had a place in folklore:
"For want of a nail, the
shoe was lost;
For want of a shoe, the
horse was lost;

Finding the exact place where
the underbutterfly first opened its
wings would be an arduous task, but my
suspicion is that the second story arose
almost immediately. Gleick (1987) describes an incident in which Lorenz explains the butterfly effect to a colleague.
"Prediction, nothing," he said.
"This is weather control." His
thought was that small modifications, well within human capacity, could cause desired largescale changes. Lorenz saw it

For want of a horse, the
rider was lost;
For want of a rider, the
battle was lost;
For want of a battle, the
kingdom was lost!"
(p. 23)
Nowhere can I find this nursery
rhyme used to convey the impossibility of knowing which of the millions of
horseshoe nails (not to mention innumerable more powerful objects) might
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have been involved in the loss of the
kingdom. Alchin (2003) describes the
rhyme as "often used to gently chastise
a child whilst explaining the possible
events that may follow a thoughtless
act" (p. 21). It is not used to gently explain that it is impossible to say what effect a thoughtless act will have on possible events.

The Keystone and the Topstone

R

obert Paine discovered the phenomenon of the keystone species
in an experiment during which
he removed a single species of sea star
from a small area of shoreline and
found that it had far-reaching effects on
species diversity. Significantly, the effect produced by the removal of the sea
star was out of proportion to its relative
abundance in the community.

influences produce large difficulties in
prediction. Again, a second story arose,
and again it favors certainty. What I
have come to call the topstone story discards the inconvenient aspects of the
keystone concept, those having to do
with retrospective discovery.
Soon after Paine introduced
about his concept, wildlife conservationists started trying to identify keystone species (without removing them)
in order to wisely use limited conservation budgets. Political, cultural, and
special-interest complexities joined the
mix, and the keystone species concept
widened and weakened as the second
story rose up to counter the first. For
environmental study, retrospective discovery might suffice, but for environmental action, people wanted predictive certainty.

In the mid-1990s, a group of scientists self-dubbed the "Keystone Cops"
was concerned enough about erosion of
the concept to convene a special session
(Power et al., 1996). They restored the
keystone species concept to intellectual
The two keystone species dis- rigor with a new definition, as follows:
cussed above have little in common. Pisaster is abundant and is
[W]e define a keystone species
somewhat of a trophic generalist;
as one whose impact on its comCharonia is rare and a food spemunity or ecosystem is large, and
cialist. ... Both are starfish feeddisproportionately large relative
ing on a variety of prey. ... The
to its abundance. (p. 609)
significance of these carnivores
could not have been guessed beSoon after, Piraino and Fanelli
forehand, since other carnivores (1999) reminded ecologists to adhere to
coexist with them. (pp. 92–93)
that definition:

Keystone species, by definition,
are nearly impossible to identify without observing what happens when they
are removed. Said Paine (1969):

As with the butterfly effect, this
first story is about a system in which
complex relationships among small
140

Putting keystones and key species in the same melting pot, as
Khanina (1998) does, should be
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[F]irms that follow keystonelike behavior are important in
business domains that are characterized by frequent or significant external disruptions. The
diversity they support serves as
a buffer, preserving the overall
structure, productivity, and diversity of the system. ... For example, the successive waves of
transformation that have spread
through the software industry ...
resulted in significant changes in
the software ecosystem, but its
overall structure, productivity,
and diversity have been unhurt,
and its keystones—among them
Microsoft, IBM, and Sun—have
persisted. (p. 71)

avoided. Therefore, trees and bisons are not keystones, just as the
original keystone species identified by Paine was not the dominant mussel, but its starfish predator. (para. 1)
Such a strong correction makes
you curious to see what Khanina (1998)
said, does it not?
[O]nly trees can be considered as
keystone species of forest communities (detritus ecosystems),
and bison, for example, can be
considered as keystone species of
grassland communities (pasture
ecosystems). ... [K]eystone species "are responsible" for the existence of an ecosystem of a certain type. The type of ecosystem
will alter when keystone species
disappear for some reason, or
when new "stronger" keystone
species come. (para. 3)
This was a serious misunderstanding of Paine’s concept—it made
keystone species seem like winners in
a gladiatorial contest—and it merited the level of correction applied to it.
Through many such discussions, the
topstone story was chased out of science
by the turn of the century. However, it
is still the story being told in almost all
non-scientific uses of the keystone species concept.

None of these software giants
could be called keystone species by
the term’s original or current scientific
definition. Not only are they large in all
possible biomass equivalents, but their
importance to the system is easy to see
up front. They are key species, not keystones.
Another problem lies in the use
of the term “keystonelike behavior,”
which implies that being a keystone is
something a species does rather than
the conditions it happens to find itself
in. This error was specifically warned
against in a seminal paper by Mills et
al. (1993):

In their book The Keystone Advantage, Iansiti and Levien (2004) describe keystone species in the business
ecosystem as something like superheroes:
141

[T]he term keystone species is
misleading because it indicates
the existence of a species-specific property of an organism,
when in actuality the keystone
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role is particular to a defined environmental setting, the current
species associations, and the responses of other species. (p. 222)

the keystone species concept seems to
have been appropriated in the business
world as an apologia for the dominance
of large firms. It is not unreasonable to
transfer metaphors from one world of
In other words, there is no such inquiry to another; but choosing only
thing as keystone-like behavior. There one meaning—and failing to mention
are only keystone-like conditions.
that it has been corrected out of exisHere is another example of the tence by experts in the original field—
keystone species concept applied to seems disingenuous.
business, from Moore's (1997) The
A better candidate for a keystone
Death of Competition:
species in business might be found in
an incident mentioned in a report on
Wal-Mart hardly has a choice
semiconductor manufacturing (Peach,
about taking up this mantle. It
1995):
has become a keystone species—
and the center of one of the most
One Japanese company, Sumiimportant ecosystems on its contomo Chemical, provides over
tinent. (p. 188)
50 percent of the world requirements for epoxy resin, which is
Again, one of the largest compaused in semiconductor manunies in the world has been given as an
facturing. ... A July 1993 exploexample of a keystone species, entirely
sion within the Sumitomo plant
missing the point that to be a keystone
curtailed production, and as a
species, it must have a disproportionresult has slowed several semiate impact on the ecosystem. Similarly,
conductor manufacturing plants
Göthlich and Wenzek (2004) say:
that rely on this source of resin.
A shortage (real or imaginary)
The keystone strategy derived
of DRAMs has resulted, and the
from the business ecosystem moprice of these chips has escalated
del poses a feasible alternative to
to as much as 150 percent of the
aggressive dominator behaviour
price just prior to the explosion.
with reasonable prospects of suc(pp. 17–18)
cess since they nourish diversity
and reduce the dangers of ecoSumitomo Chemical might have
system-wide spread of failures
been a true keystone species in the
and contagion. (p. 19)
semiconductor ecosystem at that time,
This seems to say that the big both because of the disproportionate
guys can be keystones if they play nice— impact of its temporary removal and
again placing the emphasis on behav- because of the difficulty in identifying it
ior rather than conditions. In general, as a keystone species beforehand.
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The Wandering Climber
and the Easy Roller

S

ewall Wright's adaptive landscape
metaphor (Wright, 1932) has its
limits, but many evolutionary theorists find it a useful way to think about
genetic change. In the adaptive landscape, the (greatly simplified) genetic
makeup of populations is represented
by X and Y locations on a landscape.
The height of each point describes the
fitness of a population with that particular combination of genetic variables.

tween peaks represent such low fitness
that few populations are able to cross
them without dying out entirely. The
more rugged the landscape, the more
peaks will be available, and the more
likely populations will be able to make
the journey required to reach optimality (for a while).
In the days in which I thought of
myself as an evolutionary biologist, the
adaptive landscape was a comfortable,
well-worn tool in my mindset. Imagine
my surprise when I returned to complexity and evolution through the organizational door to find people talking
about fitness landscapes—but referring
to something quite different. They drew
their landscapes with deep "wells" and
"basins of attraction." Curious to find
out where this upside-down view of
evolution came from, I started to look
around. As with the other two patterns
I have described here, the story I discovered has to do with certainty.

Fitness may depend on many
things: unalterable aspects of the larger
environment, such as changing climate
patterns; impacts of the population on
its environment, such as the effects of
beaver dams on the ecosystem; and epistatic relationships between variables,
such that their co-occurrence enhances
or reduces their combined fitness. To
put it more plainly, the landscape does
not sit still. It shifts constantly, on its
The idea of flipping the adaptive
own and in reaction, and the locations landscape seems to have arisen in severof its adaptive peaks keep changing.
al places. The first mention I can find of
The struggle of individuals to it is from Templeton (1982), who said:
survive and reproduce is multiplied as
Consider turning an adaptive
the population endeavors to pass on its
landscape upside down. ... Now,
genes. Mutations provide the benefit of
put some lateral motion into the
a random walk near the population's
balls by randomly shaking the
current location. Deleterious mutations
inverted landscape. This causes
die out, but advantageous ones lead to
the balls to roll around, even up
increased fitness, which moves the popthe sides of the pits against the
ulation up the slope. Once at an adapforce of gravity, just as random
tive peak, a population has some probgenetic drift causes demes [loability of descent in any direction. Most
cal populations] to move around
mutations, however, are small hops, so
the adaptive landscape, even in
populations can get stranded on lowdirections opposed by natural
er-fitness peaks because the valleys be143
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easy roller story, has grown up. In this
easy-listening version of evolution, selection appears not only more powerful than other evolutionary forces but
more certain as well. Instead of a population balanced precariously on a peak
and facing a multitude of possibilities, a
In Templeton’s landscape, both of ball near a well faces a collapse of posthe forces that make up evolution (vari- sibilities to one still small point. The
ation and selection) are represented by inversion may have led to an erosion
actual forces. Still, gravity is the dom- of popular understanding about how
inant force of the two, because in the evolution works, leading to statements
only world we know, gravity eventually such as this one (Fogel, 2008):
wins every argument. Thus, the model
implies that every population must in[Some] have suggested that it
evitably reach optimality, and that is not
is more appropriate to view the
what we see in the fossil record.
adaptive landscape from an inverted position. ... Such a viewMerrell (1994) shared my conpoint is intuitively appealing.
cern about Templeton’s inversion:
Searching for peaks depicts evolution as a slowly advancing, teTempleton (1982), for example,
dious, and uncertain process. (p.
suggested that Wright’s adaptive
5)
landscape should be turned upside-down. ... The trouble with
Evolution is a slowly advancing,
this analogy is that it suggests
tedious, and uncertain process. That is
that adaptive evolution is inevitable, as easy as rolling downhill, the whole point of the word “struggle.”
and it is difficult to avoid think- Evolutionary adaptation is not a careing of an adaptive pit as an evo- free stroll along a sunlit path; it is more
lutionary sinkhole rather than as like a dash through a mine field.
The Principia Cybernetica Web
an evolutionary pinnacle of sucentry on fitness landscapes explains the
cessful adaptation. (p. 134)
flip in this way (Heylighen, 1999):
If we had kept Templeton’s shakIt is unfortunate that the convening force, and kept it nice and strong
tion in physics sees systems as
(maybe with a magical demon doing
striving to minimize a potential
the shaking), his metaphor might have
function, whereas the convenovercome its inevitability bias. Howtion in biology sees systems as
ever, his shaking force seems to have
striving to maximize a fitness
either weakened to a gentle jostling or
function. Although this tends
disappeared entirely. As a result, a second story, which I have come to call the
to be confusing, the two types
selection. ... During this shaking
process, some balls will actually
roll up the side of a pit and over
a ridge, at which point gravity
once again causes the balls to roll
to the bottom of a new pit. (p. 25)
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of representation are equivalent
apart from an inversion of the
sign of the function. (para. 1)
However, “an inversion in the
sign of the function,” when people are
thinking about the function, is not
equivalent. In a world of tiny people
stuck to a giant ball, you cannot just flip
the landscape and have it not matter.
Height-value relationships are strong
in human communication because they
are strong in human experience (Lakoff
and Johnson, 2003):
Spatialization metaphors are
rooted in physical and cultural experience; they are not randomly assigned. A metaphor can
serve as a vehicle for understanding a concept only by virtue of its
experiential basis. (p. 18)

When he says “which is customary in many other fields,” he is referring
primarily to the free-energy landscape
used in physics, where the X and Y dimensions describe characteristics of
materials and the vertical axis describes
the amount of energy available to do
work. In this landscape, pits represent
conditions of maximum entropy from
which it is difficult to shift materials at
rest. However, there is no clean mapping between evolution and entropy.
For example: does mutation increase
entropy? In the short term, yes; but in
the long term, no, because it increases
a population’s chance of surviving in a
changing environment.
In the next paragraph, GellMann admits the difficulty posed by the
flipped landscape:
If the effect of evolution were
always to move steadily downhill—always to improve fitness—
then the genotype would be likely to get stuck at the bottom of a
shallow depression and have no
opportunity to reach the deep
holes nearby that correspond to
much greater fitness. At the very
least, the genotype must be moving in a more complicated manner than just sliding downhill. (p.
249)

Consider the possibility that the
flip in the adaptive landscape was not
randomly assigned. Consider the possibility that it arose from a deep-seated
yearning for certainty in the face of new
revelations about complexity.
Murray Gell-Mann (1995) describes the flip thus:
Biologists conventionally represent fitness as increasing with increasing height, so that maxima
of fitness correspond to the tops
of hills and minima to the bottom of pits; however, I shall use
the reverse convention, which is
customary in many other fields,
and turn the whole picture upside-down. (p. 249)

That is precisely the problem with
flipping the adaptive landscape: things
that were complex and uncertain become simple and certain.
Now let us examine a case from
the literature on complexity in organi-
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fitness” means higher fitness surrounded by lower fitness. That is,
life surrounded by death. Such a
state is easier to imagine when you
view optima as peaks. (Yea, though I
walk through the valley of the shadow of death, I will fear no evil.)

zations. From The Edge of Organization
(Marion, 1999):

In a coevolving system of potential energy landscapes, actors
perturb each other's landscapes
and knock each other out of
their holes. Imagine marbles on
a vibrating potential surface. 3. No population is ever so perfectly
adapted that changes in its environTypically they will pop in and out
ment “no longer dislodge” it. Just
of holes, but as they work their
ask the dinosaurs. That is why the
way into ever deeper holes it
vision of a mountain peak, with its
gets increasingly difficult to pop
multiplicity of paths and crumbling
them out. Eventually marbles
erosion, is such a useful represenfind a hole so deep that the vibratation of the uncertainty inherent
tions no longer dislodge them.
in evolution. Mountains and holes
Similarly, actors on coevolving
erode, but when we think of erosion
landscapes are not allowed to
we think of mountains.
rest on their laurels. They perturb one another; new actors
4. Coevolution does not cause actors
enter the stage and existing ones
to “work themselves into” increasleave it; and in the process, actors
ingly optimal states. The best that
work themselves into deeper and
can be said is that things change bedeeper holes .... (p. 248)
cause of coevolution. Whether the
change is adaptive or maladaptive
I can see several misunderstanddepends on context and history. The
ings about coevolution in that quote,
image of marbles falling into deepsome of which could have been caused
er and deeper holes makes such an
by flipping the landscape. (Marion
increase seem certain, but it is not.
does include Templeton’s shaking force,
though it is much weakened.)

1. Coevolving species do not only
“knock each other out” of optimality: sometimes they boost each other into it. This is harder to imagine
when a boost towards greater fitness
looks like a nudge over a cliff.
2. A population that reaches a state of
locally maximized fitness is not just
as likely to “pop out” out of that state
again, because “locally maximized

Flipping the adaptive landscape
opens the door to a different set of explanations about evolution, one that tends
toward increased certainty and teleology. Evolution, however, is anything but
certain. In the story of any population,
some organisms live to reproduce and
some die first, and the ones that lived
were more likely to live, and we can see
that because they ... lived. It is obvious
only in retrospect, like Paine’s keystone
species, and like Lorenz’s butterfly.

146

Are We Ready for Complexity?

Unpopular Stories

good people. They wanted to hear the
story about the underbutterflies who
e have now looked at three flap their wings in the dappled light of
patterns in the interpreta- the fractal forest and change the world.
tion of concepts from sciI was happy with my diagram. I
entific fields related to complexity and am the proud owner of many and varchaos. Taken together, these interpreta- ied mistakes, and I have collected abuntions present a picture of people hold- dant evidence that unproductive—well,
ing up a screen to filter the truth. They anything—can lead to more productive
seem to be saying: "We are not ready to anything. I have developed several aphgo there yet."
orisms about it. Now that I am finished,

W

When I think about these patterns, I keep remembering a conference
I once attended on complexity in organizations. In one session, I found myself sitting in a room with eight or ten
other people, in a circle. We were given
copies of a handout with a flow diagram
on it. On the diagram were two boxes
connected by semicircular arrows. One
box was labeled "productive collaboration." The other box was blank. We were
asked to take a few minutes to sit quietly and write something in the other box.
I wrote "unproductive collaboration."

I am ready to start. If you want to be
patient, just wait a while, and you will
be. The worst way to find a thing is to
look for it. It seems to be a fundamental
property of life itself that you have to go
down to go up.

showed my diagram. There was dead silence. I felt a strong sense that the group
... wanted me to go away. They did not
want to hear the story I told. They wanted to hear the story of how complex
systems respond to the earnest efforts of

we react, and a second story arises. We
say: That cannot be right. There must
be another explanation. That is what
Edward Lorenz said when his computer
generated a new weather system based
on what he thought were the same in-

Every time I think about complexity in organizations, I remember
the strange, stony reception I got that
day. The people at that conference could
not stop talking about fractals and bifurcations and "order for free" and all
the lovely things we were supposed to
get from complexity. What they did not
Afterwards we went around the want was the uncertainty that comes
circle, and everyone showed their dia- with it.
gram to the group. I was amazed to disWe have been conditioned since
cover that every other person had writ- an early age to believe in this equation:
ten in their box something people could
uncertainty + science = certainty
do to create productive collaboration.
The boxes said things like "foster better When we meet an equation like this:
communication skills" and "create productive dialogue."
uncertainty + science = more
uncertainty
When we got around to me, I
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puts. He called in the hardware engi- derbutterfly, the topstone, the easy rollneers to fix the broken vacuum tube. er. The first stories can be waved away
A Boston Globe article on the butterfly as internal disputes that do not matter.
effect (Dizikes, 2008) says it well:
The second way authors make
complexity palatable is to make it seem
Pop culture references to the magical. That is why the phrase "order
butterfly effect may be bad phys- for free" is so wildly attractive, and it is
ics, but they're a good barome- why people love to throw around terms
ter of how the public thinks like "strange attractor" and "coevoluabout science. They expose the tion." These are magic words of power
growing chasm between what that seem to promise something for
the public expects from scien- nothing. Even nonlinear effects are spotific research—that is, a series ken of as something small going in and
of ever more precise answers something big and beneficial coming
about the world we live in—and out, when they could just as well go the
the realms of uncertainty into other way. Consider the way people talk
which modern science is taking about coevolution. Nearly every treatus. (para. 5)
ment of business coevolution I have
read has talked about it like nothing can
Manageable, Magical, Powerful possibly go wrong. In real coevolution,
however, things can and do go horribly
uthors who write about com- wrong at times. Distortions like this
plexity in organizations know make complexity seem like an overthat they are writing to the peo- hyped fad and spread confusion about
ple who oversee businesses and govern- the true utility of complexity-based apments. They know that nobody wants proaches.
to hear about complexity adding unThe third tool in the business
certainty to an already overwhelming complexity writer's toolkit is that the sky
world. They know that those in charge is falling. You need this, say the business
are not going to buy a book that does books, because the world has changed
not help them stay in charge. What are in such dramatic ways that you cannot
authors to do?
possibly survive without it. People who
According to my surely biased use this tool ramp up the fear quotient
reading, there are three ways the au- by making claims such as that "an orthors of business books on complexity ganization is a complex adaptive sysprovide reassurance. One is to drain the tem”—the implication being, and you
power out of the major discoveries that had better find out what that means,
lie behind our current understandings and quick.
of complexity by highlighting the secThe problem lies in the fact that
ond stories, which do exist in science organizations are not complex adaptive
and so can be called scientific: the un- systems. More precisely, they are not

A
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only complex adaptive systems. An organization is a group of people. Those
people interact with each other in many
ways, some of which are complex and
some of which are not. Organization
and self-organization are inextricably
bound up together in organizations,
and saying that an organization "is" one
without the other is usually meant to
entice (or control) rather than inform.
There are no only-complex patterns in
human life. Every gathering of ten huts
has a chief. Every lunch meeting takes
place in an engineered space. Every forum has rules. That is what we do. We
organize and self-organize at the same
time.

Another Generation to Sink in

I

f we tell second stories about complexity because we are not ready for
the first stories, I think our children
are ready. In many of my narrative projects, I ask people about the predictability of events in stories. I use the question to map perceptions of stability and
instability across conceptual space. I
have noticed a pattern: Older people are
more likely to associate instability with
negative outcomes in stories. Younger
people are more likely to mark stories
as both unstable and positive.

One day I was thinking about this
while watching a movie with my son. It
Instead of telling people that ev- was called Clifford's Really Big Movie. In
erything is suddenly complex and no it there was a lovely song called “Until I
Go” (Gordon, 2007), which my (then)
longer complicated, authors should exsix-year-old understood immediately.
plain that everything has always been
The song goes, in part:
and will always be both complex and
complicated—complexicated, I like to
You've gotta get lost if you wanna
call it. The good news is that organizaget found
tion and self-organization can work to
Gotta wind up to get unwound
mutual benefit. I saw a perfect example
of this when I worked at IBM. The smart
Things only look up from down
people there knew how to recognize the
below
complex and the complicated, which to
And I can't come home until I go
use when, and how to combine them.
Smart people have been doing that for
When I heard these lyrics, I was
millennia.
immediately reminded of my producWhen we can stop seeing com- tive-unproductive system diagram, and
plexity as a whole new world dominated of the uncertainty of the butterfly, the
by a falling sky or a feast of opportuni- keystone species, and the wandering
ty, we can put away our over-simplified climber. It made me wonder if our chilstories about it. We can learn to recog- dren will come to terms with complexinize complex phenomena, work with ty in ways we cannot.
them, and welcome them—with open
In the novel Voyage to Yestereyes—as old friends.
year (Hogan, 1999a), a ship filled with
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robots and genetic material travels to
a new planet. The children who grow
up there create an entirely new society
with new expectations (mainly of a giftbased economy). When people from
Earth arrive years later, the new generation has shed its progenitors’ worldviews. Hogan (1999b) says the idea
for the book came from a conversation
about the conflicts in Northern Ireland. He thought that only by separating children from their parents might
deep prejudices be unlearned. Thankfully, peace came to Northern Ireland
without such drastic measures, but his
point—that big changes need time to
sink in—may apply here.

entities interacting locally and without central direction. You might find it
difficult. Central direction, of laws and
designs and deadlines, is an inescapable
part of our modern lives. Still, we can
find situations in which the balance between organization and self-organization is tipped to the side of complexity,
if we look for them.

There are many ways to seek out
complexity. Sit in a public park and
watch people mill around. Walk in the
same forest every week and watch trees
interact. Set up a fish tank. Put aside a
portion of your garden and let nature
take its course. Watch patterns of buying and selling on the stock market;
the spread of infectious diseases; ruGetting Ready
mors on the Internet. Play a game in
which players interact with each other
hat can we do if we are not
but not with any centralized authoricontent to leave complexity
ty. Find Conway’s Game of Life on the
to the next generation? How
Internet and play with it. Choose an
can we make use of complexity theory
activity outside your normal sphere of
without distorting its discoveries into
attention, because it can be hardest to
safer but less useful versions? I can
see complexity where you are used to
think of three things we can do.
asserting control. If you are a doctor, for
1. Spend more time with complexity. example, you could study complexity in
Complex patterns emerge where inter- the spread of diseases; but you will get
action meets iteration. Independent (or farther if you look elsewhere first, then
semi-independent) entities interact at return with a new perspective.
a local level, without central direction.
In any of these situations, pay
Those interactions repeat over time, in attention to local interactions and to
the sense that an interaction at time t states affected by them. When A jostled
affects the state of an entity at time t+1, B's elbow, how did B react? How did C
which in turn affects the next interac- react? What did A do next? Look for
tion. Emergent patterns arise from the patterns that surprise you. See if you
relationships among entities and inter- can figure out how they happened. The
actions.
more time you spend with complexity,

W

Now stop for a moment and
think of a recent time when you saw

the more you will develop a sense of
how it works and what it means.
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2. Find the complex in the everyday.
What if you are too busy to set up a fish
tank or play a silly game? You can take
note of complexity (and complication)
as you go about your daily business.
When you are at the grocery store, or
on the train, or walking the dog, think
about aspects of the situation that are
complex and complicated. How can
you tell which aspects are which? Try
this. If the word "should" makes sense,
it is a complicated aspect of the situation. If the word "usually" makes sense,
it is a complex aspect. An architectural plan is a great big box of should. A
roomful of puppies is a lovable bundle
of usually.
Here is an example to get you
started. I used to drive to work on a
parkway that had a service road: a
smaller, parallel road that everyone
knew they could shunt over to when
traffic slowed. One day, I was driving
along a particular curve in the road
when traffic slowed even more than it
usually did just there. Fearing a traffic
jam ahead, I prepared to switch to the
service road. Several other drivers had
the same thought, and we all squeezed
ourselves into the left turning lane. After a long wait, I arrived at the intersection where I could get to the service
road, only to discover that there was no
traffic jam beyond the intersection. We
had created the jam we were trying to
avoid.

ers to see whether there was actually
traffic ahead). The complex aspects of
the situation had to do with the people driving on the road, some of whom
were clueless and doomed to create the
same jam over and over, and others
who understood that the whole thing
was a mirage. I joined the latter group
on that day, but my revelation did not
help much, because new clueless people
joined us all the time.
Developing the habit of noticing
such patterns, teasing out their complex
and complicated aspects, and keeping
them in mind as you read about complexity can help you think critically
about the things people say about it.
3. Talk to people who spend more
time with complexity. I said above that
we do not spend much time with complexity today, but some people still do.
Farmers still do. (Percent of U.S. population employed as farmers in 1800:
83. Percent today: 2). Also, foresters,
ecologists, hunters, and (to a lesser extent, due to authorities and procedures)
day care workers, teachers, firefighters, emergency crews. When you meet
someone who spends more time with
complexity than you do, ask them questions, listen, and learn from the way
they think.

I happened upon an example of
this in a New Yorker article just as I was
preparing this paper for publication.
Mukherjee (2017), an oncologist, deThe complicated aspects of that
scribed his conversation with an ecolsituation were put in place by whoev- ogist:
er designed the parkway route and its
intersections (in that case, too close
[E]cologists are a frustrating lot,
at least if you’re a doctor. Part of
to the preceding curve to allow driv151
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the seduction of cancer genetics
is that it purports to explain the
unity and the diversity of cancer
in one swoop. For ecologists, by
contrast, everything is a relationship among a complex assemblage of factors. (p. 48)
As a former ecologist I had to
laugh, because I have experienced that
same frustrated reaction from people
I have talked to in my organizational
work. I too have met people who taught
me how to better appreciate and understand complexity. Most of us can find
someone who can teach us more about
living with complexity.
The more time we spend with
complexity, the better position we will
be in to put down our simplifying filters
and confront it as it is. If we can do this,
I think we can achieve several goals in
our lifetimes. We can stop artificially
isolating complexity from other forms
of order and learn to make better sense
of the complexicated world we live in.
We can stop seeing complexity as a
magical gift (order for free!) or impending crisis (wicked problems!), and we
can understand that (like our children)
it is a little of both. We can explore the
ways in which people have been thinking about complexity for millennia.
Finally, we can learn to see complex
phenomena such as the butterfly effect,
keystone species, and evolutionary adaptation not as threats to be subdued,
but as fundamental insights into the
way our world works.
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Abstract
This paper explores the deep roots of complexity theory in economics. It looks at the great debate between John Maynard Keynes
and Friedrich Hayek—both of whom used theories that presaged
the complexity science approach. That debate, often defined as a
debate between optimism and pessimism, is really about how they
viewed the economic system. Both saw it as a “living” system of
interacting parts, and both aspired to a global order. But Keynes
saw the economy as a mechanism to be decoded and controlled,
and believed that cultural refinement and technical prowess are
mutually reinforcing. For Hayek, the economy is best left to its own
self-organizing dynamics—even though the disequilibrium means
every boom is eventually followed by a bust. Both arguments have
merits and weaknesses, but an important paradox in Hayek’s position has become apparent over time: The free trade he promoted
also allows economies to thrive that threaten the system of human
values, and that protect sovereignty over human freedom.
Keywords: Keynes; Hayek; complexity theory; economics

Keynes, Hayek y las raíces de la teoría
de la complejidad en la economía
Resumen
Este documento explora las raíces profundas de la teoría de la
complejidad en la economía. Observa el gran debate entre John
Maynard Keynes y Friedrich Hayek—ambos usaban teorías que
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predijeron el método de la ciencia de la complejidad. Este debate,
definido a menudo como un debate entre el optimismo y el pesimismo, se trata realmente de dos distintos puntos de vista del sistema económico. Ambos lo veían como un sistema “vivo” de partes que interactúan entre sí, y ambos aspiraban a un orden global.
Pero Keynes veía la economía como un mecanismo que iba a ser
decodificado y controlado, y creía que el refinamiento cultural y el
poder tecnológico se refuerzan mutuamente. Para Hayek la economía se debe dejar sola para que actúen sus dinámicas de autoorganización-- aunque el desequilibrio signifique que cada crecimiento
esté seguido por una caída. Ambos argumentos tienen sus méritos
y puntos débiles, pero una paradoja importante en la posición de
Hayek es se ha vuelto más aparente con el tiempo: el comercio libre
que él promovía también permite que las economías que amenazan
el sistema de valores humanos y que protegen la soberanía por encima de la libertad humana sean exitosas.
Palabras clave: Keynes; Hayek; teoría de la complejidad; economía

凯恩斯、哈耶克和经济学中复杂性理论的根源
摘要
本文探索了经济学中复杂性理论的根源深处。文章查看了约
翰·梅纳德·凯恩斯和弗里德里希·哈耶克之间的激烈辩
论，二者均使用了预示复杂性科学方法的理论。他们之间的
辩论时常被定义为乐观主义和悲观主义间的论争，但实际上
那次辩论讲述的是他们如何看待经济系统。凯恩斯和哈耶克
都将经济系统视作一个由相互影响的各部分组成的“有生命
力的”系统。并且他们都渴望全球秩序（的出现）。然而，
凯恩斯将经济看作一个有待解密和控制的机制，他认为文化
的改善和技术的非凡是相互促进的。对哈耶克而言，经济最
好处于自组织的动态中——即使经济失衡意味着每次经济繁
荣最终都将迎来萧条。他们双方的论断都有优缺点，但随着
时间的推移，哈耶克论点中一个重要的悖论变得越发明显：
不论是威胁人类价值系统的经济体，还是保护人类自由主权
的经济体，自由贸易都允许其繁荣发展。
关键词：凯恩斯；哈耶克；复杂性理论；经济学
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ohn Maynard Keynes (1883–1946)
was known to his friends for infectious optimism. Contemporary
political economy is infused with that
optimism. Perhaps his most important
legacy to political economy is his confidence that policy should elicit positive
expectations about future opportunity.
If you encourage a positive conception
about the future, you may succeed in
inducing behavior that ultimately reinforces those expectations (Keynes,
1949, pp. 161–163).1 If you fail to inspire
positive expectations, the worst kind of
economic behavior, hoarding, will result. “The weakness of the inducement
to invest, he writes in the General Theory of Employment, Interest, and Money,
“has been at all times the key to the economic problem” (Keynes, 1949, p. 317).
Keynes linked global economic
growth and global peace to confidence
in the future. The propensity to investment hinges on the “delicate balance of
spontaneous optimism” (Keynes, 1949,
p. 152). The goal of economic policy, he
wrote, is to encourage certainty about
the economy’s prospects. When people lack certainty, they hold on to their
cash and to whatever else they believe
is a store of value. But in so doing, they
cause others to lower their own expectations, and the economic horizon
recedes for everyone. To remedy this
propensity toward hoarding, Keynes
suggested, a government can stimulate the stream of positive expectations
through expansionist fiscal and monetary policy that would, in turn, induce

1
2

the stream of investments necessary for
the attainment of a society’s highest aspirations.
Keynesian economics is fundamentally about finding and directing
policy interventions toward the attainment of a positive set of expectations,
i.e., finding the upper bounds for expectations about market growth. Expenditure creates its own income, and
if individuals do not spend, the state is
obligated to do so. By this reasoning,
we can infer that “secular stagnation”
was the natural condition of humanity throughout most of history. On
that propensity to secular stagnation,
Keynes writes, “It is impossible to study
the notions to which the mercantilists
were led by their actual experiences,
without perceiving that there has been
a chronic tendency throughout human
history for the propensity to save to be
stronger than the inducement to invest
(Keynes, 1949, p. 317).” Thus he rejected
the laissez faire policy approach just as
he opposed revolution through violent
change as being errors of pessimism.
His frequently cited article “Economic Possibilities for our Grandchildren” (Keynes, 1931), published in the
early years of the Great Depression,
voiced the case for optimism. What he
called humanity’s “economic problem”
would eventually be solved.2 The fears
of his contemporaries, that “the rapid
improvement in the standard of life is
now going to slow down,” would prove
unfounded; and since that prediction
almost a century ago, world econom-

Keynes’s discusses hoarding (Keynes, 1949, p. 174).
By “the human economic problem” Keynes seems to be referring to the basic human need for food
and shelter, not the business cycle.
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ic growth has been almost continuous
and unprecedented. Keynes believed
the essence of the economic problem
of humanity was mechanical and could
be expressed as a relationship between
aggregate income and output, the price
level, and total employment. The rate of
interest and the volume of investment
could be adjusted to attain the optimum level. As such, the business cycle
and poverty could be solved through
enlightened engineering if the government had the capacity and the objectivity to design and implement the appropriate stabilizing mechanisms.

be ready to enjoy the abundance when
it arrived. Critiquing the wealth of his
own day, he noted how people wasted
the bounty that was theirs to enjoy.

Keynes also warned that if the
acquisition of material wealth should
lose its social importance, the human
race would face a new moral dilemma
as well as a new evolutionary challenge,
once Economic Man was dead and buried. In a world that lacks want, the pursuit of money for its own sake would
become a vice, and we would no longer applaud and encourage those who
blindly chase after riches. That kind of
Once the economic problem avarice would seem pathological even.
was solved, Keynes believed, human- Material success would instead, eventukind would be able to move beyond the ally, render societies more humane. We
struggle of mere subsistence and sur- would all walk in the same path of virvival. The economic necessity of hunt- tue and wisdom, and engage in collecing and gathering, cooking, cleaning, tive problem solving on a global scale.
and mending would occupy only a fracKeynes hypothesized that the
tion of our time. We would no longer closer we are to solving the economic
sweat for our daily bread; in fact, the problems, the closer humanity would
problem for humanity would be “how come to embracing common, shared
to occupy the leisure, which science and human values. Although there is much
compound interest will have won for in the contemporary political economy
him, to live wisely and agreeably and to refute Keynes’s optimistic projection
well.” Thus we can speak of a Keynesian that shared prosperity would pacify the
utopia, and in fact Thomas More was an divisive passions and interests of nainspiration. So strong was Keynes’s op- tions, Keynesian optimism about the
timism that he believed the permanent future continues to animate contempoproblem of the human race would be rary social thought.
to unlearn the necessity for striving, to
learn how to live the good life.
Keynesian Optimism and
The most seductive notion con- the Global Middle Class
tained in the Keynesian vision of the future is that the art of life would replace
arvard economist Larry Sumthe means of life as the primary concern
mers and Singaporean diploof humanity. The greatest fear he had for
mat Kishore Mahbubani exthe future was that humanity would not press Keynesian optimism about the

H
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future in an article that appeared in Foreign Affairs (2016). They explain that a
byproduct of globalization, the fulfillment of global consumer preferences,
is leading to “increasingly overlapping
areas of commonality” and causing a
“fusion of civilizations” that ensures
“the progressive direction of human
history.” This has made the past three
decades “the best in history” and will
continue to lift “the human condition to
heights never seen before.” Global middle-class culture has already converged
in cuisine, where global influences have
thoroughly penetrated Western kitchens,” remark Mahbubani and Summers
(2016), “and something similar should
happen across cultural sectors.” Other
examples they note are the 36 million
Chinese studying the piano, the 50 million learning to play the violin, and the
15 new opera houses that have opened.
The satellite branches of Western colleges and universities in place around
the world enable the spread of “best
practices and good ideas from the West
to the rest and increasingly from the
rest back to the West.”

Here is the paradox given as a Chinese
adage: “Same bed, different dreams.”
Although the examples they
provide of this progressive trend are
mostly cultural, Mahbubani and Summers (2016) disregard a greater cultural truth. In a globalizing world with
many overlapping areas of commonality households with the same aspirations
for physical well-being may also seek
to attain those goals according to ethical codes based on very different ideas
about the meaning of life, gender, the
role of the individual, and the separation of church and state.

Mahbubani and Summers
(2016) argue that it is the general public that is suffering disillusionment with
globalism, as the concept is defined and
dramatically disparaged by Western
populist demagogues who exploit the
plight of refugees or play on anti-austerity sentiments. There are, the authors
concede, three reasonable sources of
pessimism: turmoil in the Middle East,
China’s economic slowdown, and stagnation of the world’s economies. They
dismiss each of these scenarios as tranMahbubani and Summers (2016)
sitory and manageable, and certainly no
maintain that the progressive direction
cause for a dim prognoses of globalizaof human history, which has lifted the
tion prospects.
human condition to unprecedented
Yet, during the past two decades,
heights, is set to continue just as Keynes
envisioned, with the emergence of a while incomes in the developing world
large, well-educated, global middle grew at rates that far exceeded anything
class. (They project this class to increase, previously recorded and the size of the
from 1.8 billion in 2009 to 3.2 billion in middle classes increased spectacularly,
2020, and 4.9 billion in 2030). Yet even global democracy indicators receded
if this were to happen, there are rea- and the most frequently used indexes
sons to be skeptical that consumerism to track it downgraded the democratic
and the growth of the middle class will status of many emerging nations. Auproduce a unified global value system. tocracies have become more autocratic,
159
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democracies less democratic, and the
quality of public-sector management
has deteriorated. No wonder that the
world is in the grip of another bout of
pessimism caused by fears of sociopolitical instability, similar in many ways
to that of Europe and North America of
the 1930s.

is, after all, nothing but what the late
historian Tony Judt called “a grand illusion”? In his prescient 1995 essay, Judt
used that very phrase to describe the
“reductionist fallacy, the curiously nineteenth-century belief shared by classical economists and Marxists alike, that
social and political institutions and afKeynes mused that just as we finities naturally follow economic ones”
once abandoned ties to a tribe, we may (Judt, 1995, p. 119).
be tempted to abandon conventional
Rapid income catch up among
approaches to collective security, such the fastest-growing economies—China,
as that derived from the nation state, India, Russia, Saudi Arabia, and South
in favor of some kind of transcendent Africa—is producing a common set
global identity that resides in transna- of materialistic preferences, but is this
tional institutions. But did prosperity enough to establish a claim for a global
lead Britons to empathize and identify civilization when it does not include a
with European institutions, norms, and shared outlook in such matters as inculture? Did economic integration lead dividual rights or the role of the state.
the Turks to embrace Europe’s enthu- More income does not necessarily lead
siasm for political pluralism? Did the individual citizens down a one way
pain of economic sanctions deter Putin’s street toward democratic values and
quest for global status and regional pri- norms, it does not make them more remacy? Even as production, commerce, ceptive to the kind of electoral contesand finance are organizing globally, so- tation fostered in democratic political
cial identity is reluctant to follow suit. settings.3
The idea of a global civil society vies
In sum, Mahbubani and Sumwith national symbols of modernity.
Globalization itself is fertile ground for mers (2016) perceive social change bepopulist challengers like Donald Trump, ing in line with global growth dynamics,
Nigel Farage, Rodrigo Duterte, and Ma- not realizing that those dynamics may
rine Le Pen. Behind the rise of each of contain the seeds of dissolution. They
these political figures is a concern by overlook that democratic liberalism
voters to restore the nation state in order and the rule of law—the social change
to preserve the social fabric. Could it be processes with which globalism is asthat constructing a social identity on the sociated—have failed to achieve legitilogic of fiscal and commercial interests macy in much of the world. While the
3

Living at the height of the British Empire, Keynes can be criticized for limiting his vision to Christians and the West. He was writing chiefly for the West, in the middle of the Great Depression
and later world war, at a time when the major powers still held many colonies. “Perhaps it is not
an accident,” he wrote, “that the race which did most to bring the promise of immortality into the
heart and essence of our religions has also done most for the principle of compound interest and
particularly loves this most purposive of human institutions” (Keynes, 1931).
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global economy grows more complex,
not all countries that have embraced
global trade and investment are making
progress toward embracing other, more
humane goals of a free society.
Instead of helping emerging
states develop restraining institutions,
the spread of global consumerism
has given rise to strongmen who tout
non-Western values and identities.
True, there are exceptions: Spain, Chile,
and South Korea seem to confirm that
authoritarian countries tend to democratize as they join in global production.
But linear extrapolations can mislead us
into believing that global development
will lead all nations toward a common
destination. China’s rapid rise reveals
that the liberal trading regime can be
exploited by nations seeking to advance
their own economic advantages without embracing the other virtues associated with a free society.
Should we depend on consumerism to overcome the differences
among nations? In Chapter XIV of the
Road to Serfdom (1944), where Hayek
discusses the prospects for global social
collaboration, he explains why “claims
for social reconstruction’ that are “almost all economic in character” can do
great harm (Hayek, 1994, p. 202). Such
claims that the end of economic scarcity
is within our grasp may lead us to become tolerant of abuses and to accept
justifications for even gross violations
of elementary rights of individuals.

If the fusion of civilization is to be attained through the fulfillment of the
consumer preferences of the global
middle class, then what if its preference
function does not include liberty? The
real challenge for the fractured political
economy of today is not merely to fulfill
existing materialist preferences, but to
encourage better preferences.

Enter Hayek: The
Pessimist’s Reply to the
End of Economic Man

T

he economist Friedrich Hayek
(1899–1992), whose ideas are
expressed in many books and
articles, has assumed an immortality as the counterpoint to Keynes. The
two are a pair. In contrast with Keynes,
who was grounded in his native Cambridge, Hayek was an intellectual vagabond. His family’s wealth was destroyed during World War I, and he left
his native Austria for England. When
he eventually left Europe in 1950, his
sojourns took him to UCLA, the University of Chicago, and eventually to
the German university city of Freiberg,
where he spent his final years. His ideas
were never institutionalized like those
of Keynes by mainstream global organizations. He was without a country
and without a home in his discipline.
At the University of Chicago, while
his academic home was the Committee on Social Thought, he nevertheless
became a Nobel Prize laureate in economics.

If we see government as merely a producer of goods and services,
what happens to ethical values and the
Hayek took a less popular appreservation of freedom and restraint? proach to humanity’s economic prob161
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lem. Some may call it pessimistic; others
would call it realistic. There is no reason to believe that Keynes’s “economic problem of the human race” should
ever be solved, Hayek wrote, and even
in aspiring to solve it, we put our larger human values of independence and
self-reliance at risk. Hayek summons
us to buttress our most human values
first and seek to fulfill our human potential even before, and regardless of,
the economic costs. Hayek believed that
assertions about “potential plenty” were
based on pseudo-theories. Do not put
liberty and freedom on hold, waiting
for a solution to the economic problem. Human virtues don’t derive from
solving the “economic problem,” but
from making choices freely in the face
of scarcity. He cautions against thinking
of inevitable tendencies toward a frictionless world in which freedom for the
individual is the guiding inspiration of
government.

Hayek seems to have a broader idea of
risk-taking than the Keynes concept of
hoarding versus investing. Waiting for
a time that sees an end to toil may even
blunt our moral senses and produce a
society prone to collectivism and to supine behavior and corrupted values, a
society that would have little taste for
individual responsibility and individual social action. “Freedom to order our
own conduct in the other sphere where
material circumstances force a choice
upon us, and responsibility for the arrangement of our own life according to
our own conscience,” he wrote in The
Road to Serfdom (1944), “is the air in
which alone moral sense grows and in
which moral values are daily recreated
in the free decision of the individual.
Responsibility, not to a superior, but
to one’s conscience, the awareness of
a duty not exacted by compulsion, the
necessity to decide which of the things
one values are to be sacrificed to others,
In other words, Hayek saw the and to bear the consequence of one’s
world the other way around, insisting own decision, are the very essence of
that liberty and freedom be primary for any morality which deserve the name”
the individual before comfort, for they (Hayek, 1994, p. 212).
will instill a willingness to bear risks.4
4

Nevertheless, he saw a role for the state to provide a minimum level of social insurance for all. In
The Road to Serfdom he wrote, “[T]here can be no doubt that some minimum of food, shelter, and
clothing, sufficient to preserve health and the capacity to work, can be assured to everybody. ... Nor
is there any reason why the state should not assist the individual in providing for those common
hazards of life against which, because of their uncertainty, few individuals can make adequate provision. ... Where, as in the case of sickness and accident, neither the desire to avoid such calamities
nor the efforts to overcome their consequences are as a rule weakened by the provision of assistance—where, in short, we deal with genuinely insurable risks—the case for the state’s helping to
organize a comprehensive system of social insurance is very strong. There are many points of detail
where those wishing to preserve the competitive system and those wishing to super-cede it by
something different will disagree on the details of such schemes; and it is possible under the name
of social insurance to introduce measures which tend to make competition more or less ineffective.
But there is no incompatibility in principle between the state’s providing greater security in this
way and the preservation of individual freedom” (Hayek, 1994, pp. 148–149). The paradox of big
government and high-tax libertarianism is being explored by John Meadowcroft at Kings College
London’s Department of Political Economy.
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Creating World Order:
Global Public Policy
According to Hayek

I

t is no secret that the international
financial institutions, such as the
International Monetary Fund, identify more with Keynes than Hayek. His
ideas contributed to the progressive
idealism underlying the construction
of world order via institutions like the
United Nations, the World Bank and
the IMF after World War II. But what
if Hayek, and not Keynes, had been
the influence and inspiration at Bretton Woods in 1944? Surely, the policy
preferences and the institutions of the
postwar international order would have
differed. Hayek would not have aspired
to attain collective security via global
institutions that were inclusive of all regime types.

Certainly, Hayek aspired to global order, as seen in his views in favor of a
global currency, but it would have been
an order that emerges, rather than one
born of government planning. His belief that heterogeneity among the participants would make resource management more problematic.5 “[A]s the scale
increases, the amount of agreement on
the order of ends decreases and the necessity to rely on force and compulsion
grows,” he wrote in The Road to Serf5

6

dom (Hayek, 1994, p. 222). “In a small
community, common views on the
relative importance of the main tasks,
agreed standards of value, will exist on
a great many subjects. But their number
will become less and less the wider we
throw the net: and, as there is less community of views, the necessity to rely on
force and coercion increases” (Hayek,
1994, p. 222). At Bretton Woods, he
likely would have argued for building
order on affinities, not compulsion.
Hayek explained that “to undertake the direction of economic life
of people with widely divergent ideals
and values is to assume responsibilities which commit one to the use of
force; it is to assume a position where
the best intentions cannot prevent one
from being forced to act in a way which
to some of those affected must appear
highly immoral” (Hayek, 1994, p. 223).
Extending this reasoning to the potential of international order, we can hypothesize that he would have preferred
a smaller, tighter foundation in order to
encourage closer association of those
countries more similar in their “civilization, outlook, and standards” (Hayek,
1994, p. 238). His conception of order
would be an association of like-minded
democracies that other nations could
aspire to join once there is convergence
to a commonality of values.6 But he

The question Hayek raised about coordination of views among diverse constituents has significant implications for the construction of an effective global order. It surfaces today, in discussions
on the virtues of a Tobin tax on global financial/currency flows. Many international development
professionals believe it is needed to fund international public goods; it would be easy to collect,
given current technology—but agreeing on how to spend it would be the real conundrum of global
governance.
Hayek seems to have anticipated Brexit when in 1944 he wrote, “The English people, for instance,
perhaps more than any others, begin to realize what such schemes [economic planning that encompasses Western Europe] mean only when it is presented to them that they might be a minority in
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never used the term convergence. “The
conflict between planning and freedom
cannot but become more serious,” he
wrote, “as the similarity of standards
and values among those submitted to a
unitary plan diminishes” (Hayek, 1994,
pp. 221–222).
There is a paradox in Hayek’s position that has become more apparent
over time. The free trade that Hayek
promoted also allows economies to
thrive that threaten the system of human values that created a world order.
The free liberal trade regime has produced a shift in global economic power that enables the enemies of liberty
to obtain resources that place democratic regimes and values at risk, and
has enabled the enemies of democracy
and freedom to grow strong enough to
exploit the liberal order that enriched
them and to threaten the heartland and
cradle of freedom. To contain that risk
and protect those values, the strong
global institutions that he decried seem
inescapable.

for desirable purposes” (Hayek, 1994,
p. 236). Yet unless the parties agree on
fundamental values, they will either
prove inept or resort to violence to attain their will; and the arrangement that
could become permanent is instead one
that protects sovereignty rather than
human freedom.
Where do these two icons of
contemporary economic thought divide most substantively? It is where
they draw the line between economy
as a mechanism that can be decoded
and controlled as contrasted with the
notion that the economy self-organizes
according to its own rules of complexity. Keynes was optimistic that cultural
refinement and technical prowess are
mutually reinforcing. For Hayek, it is
not machinery or refined attitudes, but
individual freedom that is the ultimate
gift of civilization and that this requires
independence, self-reliance, and local
responsibility, regardless of whether the
economic problem is, or ever will be,
solved.

For Hayek, the international rule
of law must safeguard not only the indi- If Economics had
vidual from the tyranny of the state, but Followed Hayek
states from the tyranny of global organizations.7 “We shall never prevent the
he concerns set forth in the
abuse of power,” he wrote, “if we are not
preceding section became even
prepared to limit power in a way which
more central to Hayek as his
occasionally may also prevent its use thinking matured. His later work raised

T

7

the planning authority and that the main lines of the future economic development of Great Britain
might be determined by a non-British majority” (Hayek, 1944, pp. 222–223).
“An international authority which effectively limits the powers of the state over the individual will
be one of the best safeguards of peace,” wrote Hayek. “The International Rule of Law must become
a safeguard as much against the tyranny of the state over the individual as against the tyranny of the
new superstrate over the national communities” (Hayek, 1944, p. 236). Obviously, a China that has
grown rich through foreign trade and investment by exploiting the resources under authoritarian
governance of pariah regimes will not accept the guiding principle of individual freedom as the
foundation of global order.
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perspectives on knowledge diffusion,
emergence, systems theory, cognition,
evolution, and agent behavior not explicitly posed in his earlier, more popular Road to Serfdom. Emergence and
complexity became an important focus
of his later thought.8 The mature Hayek
envisioned a society of free individuals
with processes of self-organization and
complex social emergence. Although
he did not use its language, his thinking
(Hayek, 1952, 1967) places him close to
the core concerns of contemporary research in complexity science in the following ways9:
(1) Hayek’s vision of economic
and political liberty was closely connected to his belief that social order
emerges through processes of self-organization out of the interactions of dispersed, heterogeneous agents; that “if
left free, men will often achieve more
than individual human reason could
design or foresee” (Hayek, 1948, p. 11).
He lamented the inadequacy of conventional social science research methods
for addressing problems of economic
policy and moral philosophy, based as
they were on models of linear change.
He emphasized that constant interactions and adaptive reactions among
agents are what generate changes in the
larger system.

“bounded agent rationality.” For Simon,
the limitation arises in decision making because when making a decision,
people don’t maximize on only one dimension: They consider outcomes on
different dimensions that must be traded against each other (Simon, 1969, p.
54). Hayek recognized that knowledge
is distributed among interacting agents,
but not equally throughout the system.
This “bounded” knowledge was a constant in his thinking: human cognition
“cannot be guided ... by full knowledge
and evaluation of all the consequences”
(Hayek, 1948, p. 19). Recent findings in
evolutionary social psychology emphasize that local culture, community, acquired beliefs, and institutions are the
filters through which people frame essential issues. People do not consider all
information when making decisions because they search for new information
selectively and are vulnerable to biases,
dismissing information that contradicts
their personal or collective goals.

(3) In his later years, Hayek went
against the grain of the economics profession and its embrace of equilibrium-based methodologies. Instead, he
increasingly referred to social agents
co-evolving and adapting continually in a decentralized space, and with
distributed knowledge, producing an
(2) He sketched out an idea, economy without equilibrium and
elaborated later by Herbert Simon’s comprising many interacting parts that
8
9

Hayek’s interest in emergence and complexity is documented in Caldwell (2004), p. 221, pp. 270–
272, and p. 309. J. Barkley Rosser (2015) discusses complexity in the writings of Austrian economists.
“The ‘emergence’ of ‘new’ patterns as a result of the increase in the number of elements between
which simple relations exist,” wrote Hayek, “means that this larger structure as a whole will possess
certain general or abstract features which will recur independently of the particular values of the
individual data, so long as the general structure (as described, e.g., by an algebraic equation) is
preserved” (Hayek, 1967, p. 26).
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change over time (Hayek, 2012, pp.
338–339).10
(4) He emphasized that social order emerges without a central “controller” or a global optimum design, and
with “no captain at the helm” (Root,
2013, pp. 217–235). The idea of a central controller or that a small number of
influential thought and culture leaders
can control and direct social process
jars with a belief in cognitive fallibility.
(5) He recognized that early
cultural adaptations or mutations can
place a population on paths that differ from the prior and unique circumstances that paved the way for Western
development. In any ecology, multiple
adaptive peaks are possible. Populations, he suggested, are more likely to
reach the highest adaptability along a
local trajectory than by switching from
one adaptive peak to another (Hayek,
1976, p. 27).
(6) Hayek postulated that laws
belonging to “lower,” more fundamental levels of a system cannot be used to
reconstruct the universe in which they
form only one part. Transplanted institutions rarely survive. In this sense,
social institutions, such as the state, are
not built; they grow. Thus Hayek sought
a public policy designed “to cultivate
growth by providing the appropriate

environment, in the manner in which
the gardener does this for his plants”
(Hayek, 1989, p. 7). This stands in contrast with Keynes’s notion (1931) that in
the future, economics would surrender
its place of importance to “matters of
greater and more permanent significance” and would become both a mundane and technical” matter for specialists—like dentistry” (1930).
(7) When Hayek refers to the
“impersonal and anonymous social
processes by which individuals help to
create things greater than they know,”
and when he described outcomes that
are not products of individual reason
or “consciously designed ... or ... fully
intelligible to it” (Hayek, 1948, p. 8), he
is describing what modern evolutionary science calls emergence. For him, as
for contemporary complexity science,
emergence is the most dramatic process
in the course of human interactions, often resulting in outcomes that lie outside of the range of human intention
and beyond the precognition of the
agents.
(8) He was skeptical of social engineering, based on his understanding
that perception and cognition are bottom-up processes. Yet he also saw a dynamic relationship between top-down
and bottom-up causality, e.g., in his

10 “It is tempting to describe as an ‘equilibrium’ an ideal state of affairs in which the intentions of all
participants precisely match and each will find a partner willing to enter into the intended transaction. But because for all capitalist production there must exist a considerable interval of time
between the beginning of a process and its various later stages, the achievement of an equilibrium is
strictly impossible. Indeed, in a literal sense, a stream can never be in equilibrium, because it is disequilibrium which keeps it flowing and determining its directions. Even an apparent momentary
state of balance in which everybody succeeds in selling or buying what he intended, may be inherently unrepeatable, irrespective of any change in the external data, because some of the constituents
of the stream will be results of past conditions which have changed long ago” (Hayek, 2012, pp.
338–339).
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writing about how the creation of money altered the behavior of agents and organizations (Rosser, 2015). The theme
of downward causation cannot be disregarded when reflecting that throughout
history there are instances when states
that win wars are positioned to decide
the legitimate order for other states and,
in certain rare cases, might change the
order or ecology in which those states
exist. It is this process that explains the
conflict between the United States and
China, as each nation tries to influence
the world around it in a way that ensures its own survival.
(9) The later Hayek expressed
ideas about cultural evolution that are
often misconstrued and criticized, incorrectly, on the grounds that he presumed that evolution through self-organization is a process that produces
optimal fitness. In fact, he repeatedly
distanced himself from the view that
something is efficient because it exists
(Whitman, 1998). Cultural evolution in
the later Hayek shares with evolutionary biology an understanding that suboptimal or maladapted traits, and the
polities or cultures in which they reside,
can persist for long periods of time.
Bounded rationality, dispersed
knowledge, self-organization, cognitive
limitations, ecologies with no central
controller—these ideas that are central
concerns of Hayek are also core premises of complexity approaches in economics. These were all ideas that were
derived from his belief that the market
economy is an information-increasing
algorithm in which spontaneous order
arises from the independent action of

market participants, through the coordination made possible by prices.
Hayek’s foundational contributions to
economic reasoning can stand on their
own, as distinct from assumption that
is attributed to him, that all forms governmental activism will inevitably end
in a loss of freedom for the individual
(Bowles, Kirman, & Sethi, 2017).

A Tangled Global Web and
Hayekian Epistemology

I

n Hayek’s thinking about the relationships between spontaneous order and emergence, he understood
implicitly that tangled networks of human interaction foster heterogeneity
and thereby create new opportunities
for novelty, innovation, and entrepreneurship, and that the heterogeneity
would bring more risk and conflict.
Nevertheless, his own research did not
explore the tangled webs of relationships found in complex global ecologies. Advances in evolutionary biology
and network theory that explore tangled ecologies and their properties occurred primarily after Hayek had completed most of his life’s work.
The Road to Serfdom, for example, is a study of contemporary politics
in 1944, when the enemies of liberty
were heterogeneous, but self-declared.
Threats to individual liberty could be
readily identified during the long war
between liberalism, socialism, and fascism that ended with the collapse of the
Soviet Union. Today, however, when
many capitalist societies are mixed regimes and former socialist regimes are
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free traders, the differences between
central planning and free markets are
not so easily identified. In the tangled
order of today, many layers of connections exist between liberal and illiberal
polities. China, for example, embraces
classical liberalism’s ideal of complex
economic interdependence, yet its internal policies are at variance with the
social norms and rules that are generally associated with a free economy. Economic development attained through
trade and investment has enabled greater political repression and a closed political system
Introducing The Road to Serfdom’s fiftieth-anniversary printing in
1994, Milton Freedom wrote that “the
free market is the only mechanism that
has ever been discovered for achieving participatory democracy” (Hayek,
1994). But the powerhouse economies
of China and Singapore suggest instead
that the connection between economic
and political liberty is far more complex, and that it is not possible to predict the existence of one form of liberalism from the observation of the other.
So accustomed are we to interpreting Hayek and Keynes in terms
of poles that we overlook several important shared characteristics of their
thinking. Both hypothesize an automatic adjustment or convergence toward an ideal, coordinated state, once
frictions are removed. For Keynes,
these frictions are uncertainty about the
future. To overcome them, he believed
in nudges, and rather big ones if necessary, to get the animal spirits moving
and stimulate economic actors, both

investors and consumers, to open their
pockets. Yet he doubted that there is an
optimal move, and feared that uncertainty could become wildly contagious
and self-reinforcing as it spread from
one market participant to another. He
could never have been persuaded that
rational beliefs drive markets to equilibrium. In his world, the players in the
market are not only unable to accurately know what the state of the world is,
they could not know what other traders
knew. Thus they are compelled to act on
the basis of their subjective convictions
and upon their subjective notions of
what the other believed. As each agent
gauges the probable behavior of others,
uncertainty begets uncertainty. A rich
psychology emerges of divergent and
contradictory forecasting convictions
among traders, and this moves the
market to exhibit complex and rapidly
episodic alternative states. Rapid propagation of change through the interconnected behaviors of heterogeneous
agents is the core issue being pursued
in complexity economics to understand the volatility of financial markets.
Keynes is a precursor of this approach.
Hayek was more confident than
Keynes that society would converge
to its most desirable shape if left to its
own. He anticipated that self-organization, or “spontaneous order,” that arose
from the behavior of rational self-interested individuals would lead to a
satisfactorily coordinated state. Thus,
Hayek is identified with the belief that a
society will self-organize into a desired
state without the government imposing
it. Ironically, both scholars emphasized
that a self-adjusting economy requires a
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solution to the problem of information
asymmetry. Keynes believed the solution required deliberate engineering,
Hayek that it was a naturally emerging
property of free social intercourse. Subsequent economists thought that such a
state was an equilibrium condition toward which economies naturally trended. But neither socialist nor capitalist
economies, according to Joseph Stiglitz
in Whither Socialism? (Stiglitz, 1994),
will ever solve that problem.
From the perspective of recent
findings about social organization influenced by complexity theory, there is
inconsistency in the thinking of both
Keynes and Hayek. For Keynes, human
behavior is not mechanistic, and because of human irrationality the economy operates in a probabilistic manner;
yet he defines the role and influence of
economic policy on human beings in
mechanistic terms.
Where Hayek’s thinking diverges
most from current findings in complexity theory is the presumption that social
movements start at the top and then
spread downward from the heights via
the efforts a small group of influential
players. Keynes also held the belief that
change begins at the top due to the influence of rare, highly connected people with the capacity to spread their
memes throughout society. Belief that
a small minority of opinion leaders has
an undue influence on everyone else
has been conventional wisdom in many
fields. Yet research on social networks
by Duncan Watts and others reveal
that information travels through more
dispersed and less easily programmed

channels (Watts & Dodds, 2007). Ideas
will propagate in society because of the
way the networks in which they travel
are constructed. This perspective has
given rise to research that focuses less
on who people influence or on the independent behavior of the influential few,
and more on networks and the self-organizing processes to which networks
are prone.
Economist Alan Kirman concludes that “Hayek did no better than
those he opposed in explaining precisely how the system self-organizes into a
satisfactorily coordinated state. So, curiously, Hayek’s premonitory vision of
a complex system ran into exactly the
same problem as that which blocked
the progress of general equilibrium—
the lack of any mechanism that would
bring it into (in his case) a coordinated
state and, in the case of general equilibrium theory, an equilibrium state” (Kirman, 2016, p. 556).
General equilibrium theory became the lens through which economists since the 1970s have assessed the
change processes in an economy. In
the mainstream models, uncertainty is
exogenous and change is additive. An
unwarranted assumption persists: that
unfettered agents can achieve adjustments that will restore the economy to
an equilibrium state. Thus the Bretton
Woods institutions advocate structural
adjustments and stabilization policies
to bring actual economies around the
world closer to an idealized, efficient
state. But this leaves the coordination
problem still fundamentally unsolved.
Economists still struggle to find the
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mechanism that enables individuals in
an economy to self-organize into a state
that solves their coordination problems.

continues. This is not a stable equilibrium, so eventually every boom will be
followed by a bust.

Global Political Economy
in a Complexity Frame

Conclusion: Is the Road to the
Future Mechanistic or Organic?

T

I

Pessimism was Hayek’s compass. He believed that when relative
prices changed because of the “natural”
forces of technology, tastes, time preference, etc., the ensuing adjustments
would enable a coordinated plan. But
monetary stimulus distorts the signals
or relative prices needed to formulate
a coordination plan by distorting the
rates of return on certain types of economic activity; and those abnormal
rates of return can only be sustained as
long as additional monetary stimulus

Hayek likewise believed that an
economy is organic, but an “organism”
that could never be controlled with
tools based on rational mechanics (for
no matter how sophisticated the tools,
they could eventually be exploited) and
whose every cycle of renewal will be
followed by a bust.11 Hayek’s pessimism
came from his doubts that humankind
would ever possess the mechanisms or
knowledge to control the self-organizing cycles of economic growth and decline. He had a sense of what scientists

he Keynes–Hayek debate for a
long time been the virtually unquestioned framework for what
an educated person needed to know
about economic change. Both formulated theories of risk and uncertainty in
their differing responses to the problem
of the business cycle and GDP. Keynes
thought we could manage our way out
of it by stimulating demand, until the
level of investment would be sufficient
to surmount the “economic problem”
itself and provide permanent abundance. His conception of the economy
was fundamentally derived from mechanical notions of order. This is captured in his famous remark, that the job
of the economist of the future will be no
different from that of a dentist.

n the thinking of both Keynes and
Hayek the economy operates in a
probabilistic manner. Keynes wrote
about animal spirits, herd instincts,
and the irrational compulsion toward
hoarding through which he thought an
economy could take on a life of its own
and thus show organic life. However, his
optimism stemmed from confidence
that an economy, like a mechanism,
could be “controlled,” that its parts
could be engineered for maximum efficiency, and that constant economic
growth could be similarly engineered
with the appropriate sets of policies. He
did not believe in wholesale social engineering, but in piecemeal, gradual reform and feared that social engineering
could also be used for evil.

11 For example, Hayek believed that monetary expansion during downturns artificially raises the rates
of return on certain types of economic activity, and that return rates can only be sustained as long
as additional monetary stimulus is forthcoming.
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today call complex adaptive systems.
We have learned much more about the
qualities of self-organizing systems, and
how complexity arises, since Hayek’s
time. We are only just learning how to
apply it to understand social change
and economic transitions.
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Abstract
The purpose of this research is to explore how the structural mode
of complexity can be effectively applied to the four theories of social power systems (totalitarian, bureaucratic, command, and control systems). Epistemologically, there is formulaic complexity of
descriptions, generative, and computation to consider, which has
received considerable academic attention in relation to social power systems. However, the ontological modes of structural, compositional, and functional complexity can still continue to add insight
into the complex phenomenon of social power systems (Rescher,
1998). Bacon stated, “Knowledge is power” (Bacon, 2013). Yet, how
nuanced is academic knowledge in relation to power systems in
societal organizations, taking into account structural complexity
of totalitarian, bureaucratic, command, and control systems. The
structural and hierarchical differences and similarities between the
social power systems are potential pathways to better understand
them (Fink, 2017). Furthermore, we suggest that the structural
complexity tool Integrative Propositional Analysis (IPA) can prove
helpful for evaluating, integrating, and improving theories of social
power structures in organizations. With improved understanding
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of the dynamics within those systems, researchers and management have the potential to engage in more effective strategic planning, thus supporting improved decision making and advancing
the sustainability of organizations. This research applies IPA to
Operational Research (OR), applying analytics in order to make
better decisions. Consequently, IPA can serve as a potential science
accelerator, by objectively and rigorously analyzing each social
power system theory in the context of structural complexity, then
integrating those theories, and identifying directions for improving theories for advancing computer modeling. This research addresses the challenge of theory analysis with rigorous integration of
multiple theories of power used in social systems, providing means
through structural complexity to augment and further enhance the
science of OR.
Keywords: sem dynamics, strategic planning, integrative propositional analysis, sustainability, structural complexity

Utilizando el análisis propositivo integrativo
para comprender e integrar cuatro
teorías de sistemas de poder social
Resumen
El propósito de esta investigación es explorar cómo el modo estructural de la complejidad puede ser efectivamente aplicado a las
cuatro teorías de sistemas de poder social (totalitarista, burocrático, comando y control). Epistemológicamente hay una complejidad formularia de las descripciones, la generativa y la computación
para tener en cuenta, la cual ha recibido mucha atención académica
en relación con los sistemas de poder social. Sin embargo, modos
ontológicos de complejidad estructural, composicional y funcional
puedan continuar todavía contribuyendo información del fenómeno complejo de los sistemas de poder social (Rescher, 1998). Bacon
declaró que “la sabiduría es poder” (Bacon, 2013). Sin embargo,
cuán detallado es el conocimiento académico en relación con los
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sistemas de poder en organizaciones sociales, tomando en cuenta
la complejidad estructural de los sistemas totalitarios, burocráticos, de comando y de control. Las diferencias estructurales y jerárquicas y las similitudes entre los sistemas de poder social son
un potencial camino hacia una mejor comprensión (Fink, 2017).
Asimismo, sugerimos que la herramienta de complejidad estructural Integrative Propositional Analysis (IPA) puede ayudar en la
evaluación, integración y mejora de teorías de estructuras de poder
social en las organizaciones. Con un mejor entendimiento de las
dinámicas dentro de esos sistemas, los investigadores y los gerentes tienen el potencial de participar en una planeación estratégica
más efectiva y, por ende, apoyar una mejor toma de decisiones y
fomentar la sustentabilidad de las organizaciones. Esta investigación aplica IPA a la Investigación de Operaciones (OR), al aplicar
la analítica y así tomar mejores decisiones. Consecuentemente, IPA
puede servir como un acelerador potencial de la ciencia, al analizar
objetivamente y rigurosamente cada teoría del poder social en el
contexto de la complejidad estructural, y después integra esas teorías e identifica instrucciones para mejorar las teorías y avanzar en
los modelos computacionales. Esta investigación aborda el desafío
del análisis de teorías con integración rigurosa de múltiples teorías
de poder que se usan en sistemas sociales, lo que otorga maneras,
a través de la complejidad estructural, para aumentar y mejorar la
ciencia de OR.
Palabras clave: dinámica de sistemas, planeación estratégica, análisis
proposicional integrativo, sustentabilidad, complejidad estructural

关于社会权力系统的4种理论——应用
综合性命题分析进行理解和合并
摘要
本文目的是探索结构复杂性如何能有效地应用于社会权力系
统的四种理论之中（集权系统、官僚系统、命令系统和控制
系统）。从认识论上讲，需要考量计算复杂性（formulaic
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complexity），它分为描述型、生成型和计算型。计算复杂
性在社会权力系统方面已受到广泛学术关注。然而从本体论
上讲，结构型、组分型和功能型复杂性依然能继续加深对
社会权力系统的复杂现象（ Rescher, 1998）的理解。贝肯
称，“知识就是力量”(Bacon, 2013)。然而，将集权系统、
官僚系统、命令系统和控制系统的结构复杂性纳入考量后，
研究社会组织权力系统的学术知识会呈现怎样的细微差别？
各社会权力系统在结构和阶级两方面上存在的相似点和不同
点是帮助更深入了解社会权力系统的潜在方式(Fink, 2017)
。笔者进一步暗示，作为结构复杂性工具的“综合性命题分
析”（Integrative Propositional Analysis，IPA）能对
各组织社会权力结构理论进行评估、合并和提高。随着对社
会权力系统动态的理解不断加深，研究者和管理层有可能参
与更加有效的策略计划，从而支持决策的提升、促进机构可
持续性。本文将IPA应用于运作研究/运筹学（Operational Research， OR），将分析学用于获得更佳决策。结果显
示，IPA能作为一种潜在的科学加速器，客观严谨地分析结
构复杂性背景下的每个社会权力系统理论，然后将理论进行
合并，同时识别出提高计算机建模理论的各个方向。本文通
过对应用于社会系统的多种权力理论进行严密合并，处理了
理论分析带来的挑战，并通过结构复杂性提供多种方式，进
一步促进OR科学研究。
关键词：系统动态，策略计划，综合性命题分析，可持续
性，结构复杂性

1.0 Introduction

sible to significantly improve those theories. Without improved theories, it can
f “the aim of system dynamics mod- be difficult to improve practices such as
elling is to explain behavior by pro- strategic planning and decision-makviding a causal theory” (Lane, 2008, ing. We use an innovative method to
p. 4), then an associated issue has been objectively evaluate and improve four
the ability to provide “better” theory. theories presented by Fink (2017) and
Because the social sciences have not had show how that process may be applied
the ability to choose between multiple to other theories to accelerate the social
power theories with a high level of ob- sciences (in general) and Operations
jectivity, it has been difficult or impos- Research (OR) (in particular).

I
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All of us live, work, and play in
multiple social systems. Each social
system has some form of organizational
structure within which communication
occurs, knowledge is exchanged, work
is accomplished, and power is wielded.
Those activities (along with others) allow the organizational system to survive. An important question for optimizing the operation of organizations
at all levels is how one might structure
those organizations to secure their (often short-term) survival. Before we optimize those organizations, however, we
must first understand them.

Operational Research (OR) (Mingers &
White, 2010) and engage in policymaking which takes into account the complexity of multiple interacting systems
(Walker, Rahman, & Cave, 2001). We
also need to understand the sustainability of the organization in concert with
the sustainability of the environment
(Tang & Zhou, 2012). And, we need robust decision-making that will support
the sustainability of many or all aspects
of an organization (Gabrel, Murat, &
Thiele, 2014). All of these areas of study
and practice would benefit from improved theory.

The sustainability of organizational systems is an old and critical topic. Despite decades of study, drawing
on millennia of history, businesses and
nations continue to rise and fall—often precipitously. While sustainability,
itself, may not be sustainable (Yolles
& Fink, 2014), sustainable capitalism
still seeks to understand and improve
the longevity of a significant socioeconomic system. That field seems to have
emerged with the scholarly contributions of Schweickart (1978) and continues to the present. Recent efforts to
improve our understanding recognize
that “theoretical incompleteness” in our
understanding of social systems is related to non-predictability of that system
(Minati, 2016) and gaps in our understanding of these systems may lead to
their collapse; “their oversimplification
of reality has led to paradigm death”
(Muñoz, 2016, p. 1).

We suggest Integrative Propositional Analysis (IPA), an emerging
method for the objective evaluation
and integration of theory, which is expected to be useful not only for understanding and adjusting boundaries
of understanding (Velez-Castiblanco,
Brocklesby, & Midgley, 2016), but also
for integrating perspectives to identify
how each part of the system supports
the other (or competes against it). And,
importantly, to identify gaps in understanding that exist within and between
perspectives which may inhibit effective planning and sustainability.

Systems thinking has provided
a long stream of valuable insights to
organizational research across a wide
variety of organizational functions and
industries (Mingers & White, 2010).
However, that perspective is not common or widely taught in the academic
world, in part, because the subject is so
That is why it is important to abstract and complex (Heylighen & Joswork at the intersection of systems dy- lyn, 2001). Where creating a computer
namics, systems thinking, strategy, and model is often useful, that approach is
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also difficult for many (Lane, 1992b).
And, when created, models have their
own limitations. One goal of the present
analysis is to introduce IPA as an emerging methodology and as a science accelerator for OR, for more easily surfacing
and clarifying mental models, creating
theoretical maps, and then evaluating
them for their potential usefulness or
effectiveness for decision-making and
planning in organizations. The other
goal is to identify a link between theory
maps and computer models to support
further acceleration in the development
of our science. This approach is expected
to provide a path for scholars and practitioners to shift from soft OR to more
explicit causal models and then to computer models (Forrester, 1994) in much
the same way that scenario planning for
strategic planning might benefit from
the use of system modeling—particularly causal relationships and feedback
loops (Burt, 2011) to track and improve
organizational performance (Dyson &
Foster, 1983).

1.1 The Core of the Case
The use (and abuse) of power is an important aspect of organizations. Fink
(2017) provides an excellent presentation and discussion on the workings
of power in bureaucratic, totalitarian,
command, and control systems, and
Deming’s cooperative management
structures in “Power Systems: How
Power Works on Different Systems.”
Fink contrasted and compared the four
systems of power in an effort to better
understand the benefits and detriments
of each. He also noted some overlaps

between those social power systems
and cited some of Wallis’ work to challenge researchers to find the means for
greater understanding of power and
systems (Wallis, 2011, 2016; Wallis &
Valentinov, 2016c).
This is an interesting challenge
because one of the great difficulties in
the social sciences is objectively evaluating and improving theories—hence,
our ontological and epistemological understandings of how the world
works. There is scant research that substantiates that our theories and practices have improved significantly over the
past century. That is to say, our ability
to reach complex and difficult goals
has remained rather limited. Organizational theory is not very useful for
improving the success of corporations
(Burrell, 1997), nor is organizational
change theory (Appelbaum, 1970), and
policies rarely reach their goals (Light,
2016; Wallis, 2011, 2016). Psychology is
not highly regarded as a field (Kovera
& McAuliff, 2000) perhaps because (according to one estimate) it has reached
only about ten percent of its potential
(Wallis, 2015b). At the same time, many
(perhaps all) branches of the social sciences complain about fragmentation.
Philosophy is a patchwork of confusing fragments (Ledoux, 2012), as are
sociology (Bakker, 2011) and organizational studies (Lewis & Kelemen, 2002).
Even systems theory and interdisciplinary studies are not immune (Newell,
2007), despite their professed desire to
integrate perspectives and achieve a holistic understanding. Indeed, it seems
that we are successful in theory implementation only about 20% of the time
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(Wallis, 2016). Few seem willing or able
to work to reverse the trend and re-integrate theories—perhaps due to a lack
of tools (Wallis, 2014b, 2014d).
In response to the challenges of
discipline fragmentation and our collective inability to objectively improve
theories, IPA was developed to fill a gap
of how theories are created, improved,
and applied (Wallis, 2008b). IPA has
been used to clarify the core (interconnected concepts) and belt (disconnected concepts) of theories integrating
theories to work against fragmentation
within and between disciplines including psychology sociology entrepreneurship and policy (Wallis, 2009b, 2014b,
2014d, 2015a, 2015b, 2016; Wallis,
Wright, & Nash, 2016; Wright & Wallis,
2015). This path is expected to develop
more sustainable theories and improve
our ability to learn and improve ourselves as individuals and as social systems (Wallis & Valentinov, 2016a).

1.2 How to Apply and Use IPA?
Theories are evaluated along two dimensions of structural complexity:
their “simple” Complexity (the number
of concepts contained in the theory)
and Systemicity (a measure of causal
interconnectedness between the concepts). For example, a bullet point list
of concepts would have a Systemicity
of zero, while a physics formula (such
as Ohm’s law of electricity or Newton’s
laws of motion), where each concept
is causally connected with the others
so that the entire conceptual system is
amenable to algebraic manipulation,
would have a Systemicity of one.

There appears to be some relationship between the Systemicity of the
theory and the usefulness of the theory
in practical application for achieving individual and organizational goals. Theories with a higher Systemicity (such as
laws of physics) are likely to be “better”
(more useful for understanding and engaging the world to generate planned
change to reach goals) than theories
with a lower Systemicity (such as theories of the social sciences). Additionally, building better models/theories is
important for educating students and
communicating to diverse stakeholders
(Howick, Eden, Ackermann, & Williams, 2008).
The IPA scores (Complexity and
Systemicity) of any theory of social power systems do not indicate the quality or
desirability of that system. Instead, the
score indicates how well the theory represents the system. With a higher IPA
scores, researchers and policymakers
can use improved theory to better understand, engage, and change our social
systems. Similarly, practitioners can
better conduct strategic planning and
make more effective decisions to maximize their sustainability.
For the purpose of this analysis,
social power systems include totalitarian systems (e.g. the former Soviet
Union), bureaucratic systems (as commonly applied to manage governments
around the world), “command and control” management in business settings
(e.g. post Taylor management theory
and practice), and Deming’s more enlightened management system. For a
more detailed description with more
examples, please see Fink (2017).
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For the purpose of this analysis,
the term “theory” will be used interchangeably with “map” and “model”
because each may be understood as a
collection of related propositions that
are used to understand and engage the
world (Wallis, 2014a). A theory may be
represented by text, as in an academic
publication describing how a social or
political power system “works” or as a
diagram showing a number of boxes or
bubbles (for concepts/variables) connected by arrows (representing causal relationships). A “better” theory is
expected to be more useful for understanding and enacting change.

2.0 Methodology and Data

(cf. Curseu, Schalk, & Schruijer, 2010;
Raphael, 1982; Wong, Ormiston, &
Tetlock, 2011). Or, from another perspective, because such models allow
for more successful planning and decision-making.
For the analysis of academic
theories, IPA has been developed and
applied to rigorously and objectively
analyze the structure of theories from
multiple fields including systems thinking (Wallis, 2008a, 2009a), social entrepreneurship, organizational learning,
psychology, sociology, ethics, and management. This logical/rational process
involves the following steps (Wallis,
2016, p. 585):

I

1. Identify propositions within one or
more conceptual systems (models,
etc.).

Because human cognition includes abstract concepts, Craik (1943) surfaced
the idea that we hold “mental models”
representing our understanding of
the world. Kelly (1955) suggested that
those models must have some kind of
structure, although those structures
may be inconsistent (Lane, 1992a).
Integrative Complexity (IC) was developed to evaluate the structure of
mental models based on texts such as
correspondence and public speeches. IC found that individuals, teams,
and organizations were more likely to
be successful when their models were
more complex and interconnected

3. Find linkages between causal concepts and resultant concepts between all propositions.

PA (Integrative Propositional Analysis) is the methodology for this research, while the theories, as previ- 2. Diagram those propositions with
ously described, serve as the data.
one box for each concept and arrows indicating directions of causal
2.1 Method
effects.

4. Identify the total number of concepts (to find the Complexity).
5. Identify concatenated concepts.
6. Divide the number of concatenated concepts by the total number of
concepts in the model (to find the
Systemicity).
For a very simple example, consider Figure 1.
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Figure 1: A simple abstract theoretical model.
In Figure 1, A, B, and C refer to
concepts that would represent something in the real world. For example,
A might represent “effective planning”,
while B might represent “uncertainty”
and C might represent “reliability of decisions.” For this example, more effective planning will result in more reliable
decisions, while more uncertainty will
lead to less reliable decisions. This representation is rather selective, simple,
and incomplete—a limitation prevalent in many theories. Still, the example
serves as an example for the application
of IPA for now it is measurably incomplete.

pointing toward it. Therefore, there is
one concatenated concept/variable out
of the three. The final step of IPA is to
determine the overall Systemicity of
the theory. This is done by ratio analysis, dividing the number of concatenated concepts/variables “C” (one) by
the total number of concepts/variables
(three) giving a Systemicity of 0.33.

Complexity can be used as a
measure to capture the “breadth” of the
theory. Basically, how much conceptual
ground is covered by the theory. Systemicity can serve as a measure of the
“depth” of the theory, essentially, how
well interconnected or how systemic
In Figure 1, the propositions of a the theory is. We hold that a theory that
theory have already been rendered into is more systemic can provide a more rediagrammatic form and the causal link- liable representation of “reality” that is
ages identified (IPA steps one through also held to be systemic in nature.
three). For step four in IPA, it is clear
While theories are the source
that there are three concepts (A, B, C) of data for IPA, the method is neutral
as depicted on the diagram. Therefore, or agnostic as to the source of data for
the Complexity of this theoretical mod- developing the theories. That data may
el can be represented as three (for sys- be qualitative or quantitative. And,
tems thinkers, please recall that this is according to the correspondence perthe “simple complexity”). Step five is spective, it is generally accepted that
to identify the concatenated concepts. having more data will help to build
A concept is concatenated when there better theories. One important benefit
is more than one causal arrow point- of IPA is that it provides an additional
ing directly at it. Here, it is not relevant approach for developing better theowhether the causation is positive or ries—adding a coherence approach to
negative. In Figure 1, C is the only con- the more traditional correspondence
cept/variable with more than one arrow approach. Theories with a higher lev181
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Table 1: IPA Comparison of four theories of power

Theory
Totalitarianism
Bureaucracy
Command/Control
Deming

Complexity
31
48
29
19

Systemicity
0.07
0.17
0.10
0.16

el of Systemicity are generally expect- 3.0 Results and Insights
ed to be more robust (useful/effective
in practical application) for predicting
sing IPA to evaluate the theories
results and achieving goals including
above, we find the following restrategic planning and policy implesults: shown here as diagrams
mentation (Wallis, 2011, 2013, 2014c, (Figures 2–5) and their respective IPA
2016).
scores. After the diagrams, we discuss
For the present analysis, we are additional findings and insights genattempting to discover the potential erated from this process that will lead
utility of four theories of organizational us to better theories that are more usepower and identify paths for objectively ful/effective for understanding and enimproving those theories so that they gaging complex organizations and opmay be more useful for reaching goals erations. In each Figure, each bubble
such as optimizing our operations for represents a concept/variable and each
arrow represents a causal relationship.
success and sustainability.
Whether it is a positive or negative relationship is indicated by the sign (plus or
2.2 Data
minus), text (“causes more” or “causes
In the present study, IPA is applied to less”), and the form of the line (solid is
Fink’s (2017) descriptions of four the- “causes more”, while dashed is “causes
ories of social power systems.2 Rather less”). The “halo” around some concept
than describe those theories (which is bubbles indicates that concept is condone more thoroughly in the original catenated (has more than one causal
text), the following analysis provides a arrow pointing directly at it).1
set of diagrams.
Table 1 summarizes the IPA
scores for the four theories diagramed

U

1

Please note that each map is accessible online on “Kumu.” http://kumu.io For creating your
own version of each Kumu map, use the “fork” function. Once you create an account and
login, go to the map and look in the upper left hand corner for a “three bar” icon indicating
a menu. Click there and it will open a project overview page. Look to the left hand side and
scroll down. Click on the “fork project” icon and follow the instructions. Alternatively, you
may download the map onto an excel spreadsheet, make your desired changes, and upload the
spreadsheet back to Kumu as your own map.
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https://kumu.io/Steve/corporatecommand-a-power-systemsperspective#corporate-command-apower-systems-perspective
Figure 2: Command and Control.

Corporate Command Power System
Complexity: 29
Systemicity: 0.10 (3 divided by 29)
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https://kumu.io/Steve/bureaucracy-apower-systems-project
Figure 3: Bureaucracy.

Bureaucracy
Complexity: 48
Systemicity: 0.17 (8 divided by 48)
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https://kumu.io/Steve/demming-apower-systems-perspective#demming-apower-systems-perspective
Figure 4: Deming.

Deming
Complexity: 19
Systemicity: 0.16 (3 divided by 19)
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https://kumu.io/Steve/totalitarian-apower-systems-perspective#totalitariana-power-systems-perspective/
population-believes-that-leader-shouldhave-full-power-and-will-makeeverything-wonderful-for-all

Figure 5: Totalitarian.

Totalitarian
Complexity: 31
Systemicity: 0.07 (2 divided by 31)

Journal on Policy and Complex Systems

186

Using Integrative Propositional Analysis to Understand
and Integrate Four Theories of Social Power Systems

above. These IPA scores do not reflect
how well each social system functions,
only our understanding of those systems as presented by an acknowledged
expert.

adapted to fit within the system. Lions
are born by chance, kings of the savanna. They did not earn their position by
working their way to predator from
prey.

Bureaucracy is the most complex
with 48 concepts. And, it is also the
most systemic (0.17 on a scale of zero
to one with one being the highest). That
high score might represent the authors’
deeper understanding of Bureaucracy.
It might also reflect the idea that Bureaucracy is a much more mature area
of formal study. In contrast, Deming’s
insights are relatively new. And, that
novelty might be represented in the relatively low level of complexity (19). If
that is so, it is rather interesting that the
Systemicity of Deming’s model is 0.16.
That is a low score compared with the
optimal score of 1.0. However, compared with the more mature theory of
Bureaucracy (0.17), it is quite respectable given their differences in age.

We could explore and speculate
for many pages about the possible reasons for the differences in these scores.
However, such explorations might not
be ultimately fruitful in terms of developing an improved theory of power
in organizations. The next section illustrates how to integrate those views
through a process that is both rigorous
and relatively easily.

4.0 Integrating Maps

I

n this section, we explicate the process of IPA integration. While the
process of mapping and integrating maps has many dimensions (Fink,
2014), that process is not without its
problems. For example, similar maps
may arise from sets of different data
These theories have greater (Minkov & Blagoev, 2014) and different
breadth than many theories of social terms may be used for the same thing
sciences, but the depth is of a common (Fink & Yolles, 2015). The rigor of IPA
level. This level of depth (below 0.20) may prove useful for alleviating some of
does not suggest sufficient understand- those issues and improving our maps.
ing to enable effective decision-making In much the same way that individual
for effective and predictable change. maps are created by diagraming propThe frustration, fear, and exploitation ositions and linking them where their
experienced by many who live and/or concepts overlap, we can also integrate
work at all levels of such organizations those maps by identifying variables that
suggest that they too do not have suffi- overlap (are identical or sufficiently simcient understanding to enable change. ilar) between two or more maps; then
It may be that some at the top of integrating those maps where those
the organizational ladders have a great- concepts overlap. Think, for example,
er understanding, and therefore great- of a map of eastern EU—on whose lefter ability to enact change. Alternatively, hand edge we find Vienna, and a map of
the individual leaders may have simply the western EU—on whose right-hand
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edge we find Vienna. The two maps
may be reasonably, indeed rigorously
and objectively joined at that overlap.
We integrate maps because an
integrated map is expected to be more
complex, coherent, and complete than
its component maps. Thus, each map
may “fill in the blanks” of the other
maps. And, the resulting map will provide a more useful guide to navigation,
but in this case, a better understanding
of organizational power systems. With
that improved understanding, we may
be able to design organizational systems
that are successful and sustainable as
organizations, and simultaneously support the development and fulfilment
of their individual human citizens.
Because those theories emerge from
different traditions (business, sociology, political science), we may see this
process of integration as an important
work of interdisciplinary scholarship
which accelerates the advancement of
science (Newell, 2007).

Here, we are seeking to understand the
similarities between businesses management and national management. So,
for this case, “workers” and “citizens”
might be reasonably overlapped. To
help the reader find clarity among the
many terms (people, citizens, workers,
leaders, etc.), we chose to identify each
according to their position on the hierarchy or “ladder.” Thus, in the integrated model, “workers” and “population”
are identified as “Low on the Ladder
Individuals (LLI), while middle managers and low-level government officials
are “Middle Ladder Individuals” (MLI),
and the top echelon are the “High Ladder Individuals” (HLI).

It is also possible to identify
overlaps where the concepts are essentially the opposite of one another. For
example, where the Bureaucracy model
talks about “boundary spanning” as a
way to express collaboration, Deming
talks about “Adversarial relationships”
to describe conflict—or lack of collabBegin by identifying those con- oration.
cepts which are most similar. For examIn contrast, some concepts
ple, both employees and general popu- seemed not suitable for overlap. For
lations experience “fear.” Thus, fear is a example, “exploitation of workers”
concept that may be easily overlapped and “exploitation of suppliers” seemed
between models. Next, we look at con- (based on the models and discussions
cepts that are reasonably similar. For within the text) to represent very differexample, one model has “trust”, while ent situations. We recognize that an alanother has “trust across not-well con- ternative interpretation might result in
nected departments.” These seem simi- a more abstract map where the two are
lar enough to see as an overlap—espe- overlapped and re-labeled as “exploitacially as the concepts are not mutually tion.” Still, in general, we expect that
exclusive.
other scholars following this process
Some concepts may be reason- would arrive at a substantively similar
ably identified as candidates for over- map shown in Figure 6.
lap based on the focus of the project.
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https://kumu.io/Steve/draft-integrated-map
Figure 6: Integrated Map.

Integrated Map:
Complexity: 109
Systemicity: 0.17
(19 divided by 109)
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The integrated map in Figure 6
shows a great improvement in its Complexity. While that Complexity may be
difficult to grasp in the short run, increased Complexity may be seen as contributing to the long-run development
of theory. This is because we expect a
short-term increase in Complexity before we improve Systemicity by identifying causal connections between the
diverse components (Wallis, 2010a); or,

more prosaically, we can’t bake the cake
before the ingredients are combined.
Because of the overlaps, the map
can be seen to show an increase in overall understanding or knowledge because
those overlaps increased the number of
concatenated concepts in the theory
as a whole. To some extent, each map
filled in some of the gaps from another
map or maps. Graphically, we may see
this improvement in Figure 7.

Figure 7: Complexity and Systemicity of individual and integrated models showing
improvement.

While the process has resulted in
a dramatic increase in the Complexity
of the map, it has not increased the Systemicity. Additional work is needed on
this body of theory if it is to rise to a significant level of usefulness. The process
of integration is a valuable first step because it clarifies the gaps in knowledge.
Importantly, for each concept/variable
without two causal arrows pointing directly toward it, there is the opportunity

for primary and secondary research to
identify those causal connections and
improve the usefulness of the map.

5.0 Challenge of Moving
From Mapping to Modeling
5.1 What is Mapping and
Modeling?
The differences between mapping theories (as presented above) and computer
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modelling depend on precision of language. Mapping is a snapshot of symbolic representations that can graphically show the connectively and flow of
relationships between systems, processes, structures, functions, constructs,
and information. Mapping tends to be a
simpler representation of reality, while
models can account for more complexity via means of algorithms, simulations,
theoretical framework, and methodologies.

5.2 Benefits of Mapping and
Modeling
The form of the model, whether simple or complex, depends on the theory,
purpose of the research, variable types,
data, phenomena of study, research
questions, instruments, time parameters, and resources. More advanced
models can represent more theories,
agents, systems, processes, structures,
functions, cycles, variables, data, theories, and changes over time. Mapping is
a limited tool and can only take us so
far in our ability to understand organizational systems.
Given the power of computers
and advances in simulation software,
now it is possible to transform mapping snapshots into simulated movies.
A natural step forward from mapping
is to consider how computer modeling can add to clarity and fundamental
understanding of networks, interactions, emergence, and nonlinearity of
theory-based research on a micro- and
macrolevel. Computer modeling, in the
form of simulations, can provide not
only insight but more nuanced under-

standing through visual presentation
of variables over time, revealing implications of system-wide and agent-level
trends (Johnson, 2016).
Furthermore, simulation modeling can augment IPA mapping to facilitate discovery and formalization of
change over time, interacting variables,
properties of locality, and interacting
environment, as to gain more nuanced
understanding and even prediction in
relation to theory building. Simulation
modeling can systematically repeat experiments with single variable values
changed, in isolation or in combination
with other interacting variables. As a
result, the considerable variation in theory research can be simulated. Theories
and systems of diverse scale can be further evaluated and simulated. Simulation modeling can represent “what can
be” and “what should be” in the form of
experimental theory laboratories that
have the capacity to create artificial societies, in addition to “what is.” Simulations provide a framework to analyze
theory through the lens of process and
dynamism (Johnson, 2016).

5.3 How can Simulations be
Constructed from Maps?
“Given that the quality of models significantly affects the outcome of their
application, it is important to reflect on
the process by which they are actually
constructed” (Eriksson, 2003). The keys
to translating mapping into useful simulations are as follows:
1. Acknowledging how the parts of
theories and systems interact.
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2. How components of theories and
systems give rise to patterns.
3. Identifying critical (necessary
and sufficient—rather than all)
variables.
4. Visually show how variables are
related.

opment. An IPA map, agents, systems,
and the environment can be sketched
out by hand or in Power Point to show
arrows indicating how parts are connected and the direction or directions
of the interactions. Start simply and add
layers of interactions and think about
what happens in each interaction, and
how is time represented. Also, consider following a simulation guide like
The Model Development Checklist in
Appendix A of (Johnson, 2016). For
example, a predator prey theoretical
model can be applied to just about any
situation with limited resources and
the creation of an interesting simulation https://policyandcomplexsystems.
wordpress.com/simulations/ (Johnson,
Diepold, & Mathieson, 2011).

Simulations function as a tool
to envision and deduce possible states
from the map. Modelers can set the parameters of how variables are to be represented along with probability distributions to mirror real world population
samples. Capitalizing on simulation
capabilities, modelers can account for
simultaneity of variable interactions,
rule-based criteria from equation, theories, principles, assumptions, and/or
Implementation of a simulation
a combination, showing actual, past, necessitates translating model specififuture, and counterfactual states (John- cation into computer programing lanson, 2016).
guage. There are a variety of software
Translating maps into simula- programs that can model the simulation
tions, whether simple or complex, is of networks, systems dynamics, scenarchallenging. Conceptualizing, devel- io modeling, and agent-based modeloping, implementing, and analyzing a ing. Verification and validation are the
simulation takes creatively, solid log- next steps in model development to enic, and an effective map to match the sure there are no programming errors
model to social reality. Developing an and; does the model perform as intendeffective simulation, to build theory, is ed and for the purpose of theory buildprocess-oriented and an art that takes ing (Johnson, 2016).
practice abstracting and identifying
Finally, the tools to analyze simessential elements, along with system ulations are similar to those used in
structures, attributes, agent actions, and tradition research. Simulations can be
system-wide actions within a social col- programmed to include output plots,
lective. Consider an interdisciplinary graphs, for individual simulation runs
approach in order to gain feedback and or numerous runs. Outcomes of simuinput on possible model strategies.
lation runs can then be compared and
Checking for similar simulations analyzed (Johnson, 2016). Analyses can
and research can benefit model devel- show patterns, trends, tipping points,
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and comparison to real world phenom- 6.0 Conclusion and Challenges
ena and data (Srbljinović & Škunca,
ink suggested that IPA may be
2003). The Simulation Assessment Quesused to integrate multiple theotions can also help with model analysis
ries and improve our understand(Johnson, 2016):
ing of organizations. In response, this
1. What theory/theories, research,
analysis has demonstrated that IPA can
and systems is the model based on? be a useful tool for integrating multiple
theories of social power systems and for
2. What are possible hypotheses and
indicating objective directions of Comvariables of the model, in relation
plexity and Systemicity for improving
to theory?
theories. We have shown how IPA may
be used as a science accelerator by iden3. What does the simulation attempt
tifying gaps in understanding, integratto do and what are the model
ing multiple theories from the literature,
assumptions and rules?
and combining those understandings
with deeper insights from experts—all
4. What are the results of the model
combined at an online platform for easand is their emergence?
ier dissemination and collaboration.
5. How do results change when
IPA scores serve to support modvariables are changed and how
el validity (Howick et al., 2008), and,
does that impact theory analysis?
as such, may serve to support learning

F

among scholars and practitioners alike
(Lane, 1992b) particularly by providing the opportunity to see their causal models in a new way—to see where
models may be made more systemic.
7. How can the model be further
improved or developed and what is The same results have also shown the
limits of our process and our science.
missing?
Thus, individually and collectively, we
have a new challenge—to improve our
8. How has theory through IPA and
understanding of organizations and
simulation been further explained
to improve the process of our science.
and/or substantiated?
To accelerate the science, for these and
Simulations, as with mapping, other theories, we challenge scholars (in
are by no means perfect tools to an- general) and Gerhard Fink (in particuswer all challenges in theory building lar) to: (1) Add more concept/variables
with IPA. However, if effectively and to the map by adding more theories. (2)
properly designed, implements, ver- Use primary and secondary research to
ified, and validated, simulations can identify additional causal connections
add significantly to theory expansion between concepts on the integrated
map. (3) Collaboratively improve the
and building.
6.

What hypotheses can you accept
and reject and what are your
conclusions?
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map via online platforms. (4) Deepen
the map by adding insights from expert
practitioners and scholars. (5) Test and
improve the maps by building computer models.
Moving further afield, theory
may be improved by including theoretical models from other disciplines (Wallis, 2014d). For example, few systems
include ethics and morality as explicit
conditions of sustainable socio-economic systems (Ikerd, 2008). Certainly,
it is possible to use IPA to evaluate and
integrate varied ethical perspectives
(Wallis, 2010b). And, ethical perspectives seem useful or even necessary for
developing social systems that are sustainable (Wallis & Valentinov, 2016a,
2016b, 2016c). In short, when integrating theories, there are clear benefits to
an interdisciplinary approach (Wallis,
2014b) leading to more effective computer models.
Large-scale change efforts in corporate settings only succeed about 20%
of the time (Dekkers, 2008; MacIntosh
& MacLean, 1999; Smith, 2003), policies
seem to reach their goals less than 20%
of the time (Light, 2016). Even Gandhi’s
understanding of his nation’s situation,
while attaining success, has not been
applied successfully in every case (Wallis, 2010b). Improving theories of Operational Research (OR) are expected to
lead to improvements in the practice of
OR, thus further enhancing our collective reputation.
Of course, IPA is not a perfect
measuring tool. It is an emerging methodology with room for improvement.
While the development of more concatenated concept variables within a caus-

al map would almost certainly lead to
the identification and creation of more
feedback loops, IPA does not have a
specific measure for loops. While we
accept that a model with more loops
is likely to be better than a model with
fewer loops, there does not seem to
be an objective way to measure “how
many” loops might be optimal. Also,
IPA scores do not tell us which social
power system might be “better” (in the
sense of benefits to certain individuals
or groups). The scores tell us how well
we understand how those systems function, and, how well we understand the
benefits/detriments of those power systems on the individual, organizational,
and societal levels. Thus, IPA is expected to be highly useful to the field of OR
by providing a system of measurement
as a “compass” to facilitate and accelerate our progress toward improved
theory so that we may develop organizations that support strategic planning,
decision-making, sustainability, and
human self-actualization.
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