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Editor’s Letter

The spring 2020 issue of the Journal of Policy and Complex Systems includes 
articles that cover topics ranging from economics and negotiations man-
agement to biomedical innovation and education.
Talebzadehhosseini, Scheinert, and Garibay start the issue by describing the 

role of path dependency and structural jumps in green economy expansion. The 
green economy is becoming a major component of the overall economic activity 
in the world. Analyzing its path to a sustainable development is an important sci-
entific endeavor. Understanding structural jumps, according to the authors, has an 
important role in that process as well.

Shockley continues the economic section of this issue by looking into the 
problem of punctuating equilibrium and the missing agency of the policy entre-
preneur. It is an intriguing take on the concept of economic equilibrium and the 
transitions between equilibria that happen so often. 

S. Kaufman, Koutsovoulou, and M. Kaufman bring up the issue of labor 
management negotiations and offer a model and case studies for improved un-
derstanding of our readers. This interdisciplinary work examines the process of 
negotiating labor relations. Drawing on social identity theory, the author uses “a 
dynamic, multiplex network model to capture interactions between several groups 
of labor relations actors.” 

Nayar improves modeling human behavior in an economic or social sce-
nario “by including and combining human personality with the social interactions 
aspects.” The author applies this reasoning to the case of pedestrian evacuation 
types models and found that “an evacuation model based on personalities can 
be built and is able to produce results similar to other previous models as well as 
those seen in real life, along with some emergent behaviors.”

Thompson, Gormley, Homan, and Platt present the ”PIC (Prediction, Inter-
action, Computation) framework and an accompanying methodology for multi-
ple-criteria decision making.” They apply this framework to the biomedical inno-
vation domain.

Barney completes the list of papers by offering a review of the results of the 
No Child Left Behind (NCLB) Act almost twenty years after its implementation. 
This review is in the context of considering education as a complex system.

As always, the range of methodological considerations and applications in 
this issue of JPCS confirms the growth of this new field emerging at the intersec-
tion of policy and complexity.

We again encourage potential authors to submit their contributions to the 
Journal of Policy and Complex Systems, and help us build a discipline that can ad-
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dress the challenges of the changing world. COVID-19 has clearly demonstrated 
the challenge that policymakers face in the presence of an all-consuming phe-
nomenon not previously seen. We especially look forward to papers evaluating the 
differing approaches that countries took in fighting the pandemic.

Best regards, 
Mirsad Hadžikadić
Editor, Journal of Policy and Complex Systems

La edición de primavera de 2020 del Journal of Policy and Complex Systems 
incluye artículos que cubren temas que van desde la economía y la gestión 
de negociaciones hasta la innovación biomédica y la educación. Talebzade-

hhosseini, Scheinert y Garibay comienzan el problema describiendo el papel de la 
dependencia del camino y los saltos estructurales en la expansión de la economía 
verde. La economía verde se está convirtiendo en un componente importante de la 
actividad económica general en el mundo. Analizar su camino hacia un desarrollo 
sostenible es un esfuerzo científico importante. La comprensión de los saltos es-
tructurales, según los autores, también tiene un papel importante en ese proceso. 
Shockley continúa la sección económica de este tema al analizar el problema del 
equilibrio puntuante y la falta de agencia del empresario de políticas. Es una visión 
intrigante del concepto de equilibrio económico y las transiciones entre equili-
brios que ocurren con tanta frecuencia. S. Kaufman, Koutsovoulou y M. Kaufman 
plantean el tema de las negociaciones de gestión laboral y ofrecen un modelo y 
estudios de caso para una mejor comprensión de nuestros lectores. Este trabajo 
interdisciplinario examina el proceso de negociación de las relaciones laborales. 
Basándose en la teoría de la identidad social, el autor utiliza “un modelo de red 
dinámico y multiplex para capturar interacciones entre varios grupos de actores 
de relaciones laborales”. Nayar mejora el modelado del comportamiento humano 
en un escenario económico o social “al incluir y combinar la personalidad humana 
con los aspectos de interacción social”. El autor aplica este razonamiento al caso 
de los modelos de tipo de evacuación de peatones y descubrió que “se puede cons-
truir un modelo de evacuación basado en personalidades y puede producir resul-
tados similares a otros modelos anteriores, así como a los que se ven en la vida real, 
junto con algunos modelos emergentes comportamientos “. Thompson, Gormley, 
Homan y Platt presentan el “marco PIC (Predicción, Interacción, Computación) y 
una metodología que lo acompaña para la toma de decisiones con criterios múlti-
ples”. Aplican este marco al dominio de la innovación biomédica. Barney completa 
la lista de documentos ofreciendo una revisión de los resultados de la Ley No 
Child Left Behind (NCLB) casi veinte años después de su implementación. Esta 
revisión está en el contexto de considerar la educación como un sistema complejo. 
Como siempre, la gama de consideraciones metodológicas y aplicaciones en este 
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número de JPCS confirma el crecimiento de este nuevo campo que emerge en la 
intersección de la política y la complejidad.

Una vez más, alentamos a los autores potenciales a que envíen sus contribu-
ciones a la Revista de Políticas y Sistemas Complejos, y nos ayudan a construir una 
disciplina que pueda abordar los desafíos del mundo cambiante. COVID-19 ha 
demostrado claramente el desafío que enfrentan los formuladores de políticas en 
presencia de un fenómeno que todo lo consume y que no se había visto anterior-
mente. Esperamos especialmente documentos que evalúen los diferentes enfoques 
que los países adoptaron para combatir la pandemia. 

Atentamente, 
Mirsad Hadžikadić, Editor

 
2020年春季，《政策与复杂系统杂志》的文章涵盖了从经济学和谈判管理
到生物医学创新和教育等多个主题。 Talebzadehhosseini，Scheinert和
Garibay通过描述路径依赖和结构性跳跃在绿色经济扩张中的作用来开始
这个问题。绿色经济正在成为世界总体经济活动的重要组成部分。分析其
通往可持续发展的道路是一项重要的科学努力。这组作者说，理解结构跳
跃在这一过程中也起着重要作用。 肖克利通过研究打破均衡的问题和政
策企业家的代理缺失来继续本期的经济部分。对经济平衡的概念以及经
常发生的平衡之间的转换充满了兴趣。 S. Kaufman，Koutsovoulou和M. 
Kaufman提出了劳动管理谈判的问题，并提供了模型和案例研究，以增进
读者的理解。这项跨学科的工作考察了劳资关系的谈判过程。借鉴社会认
同理论，作者使用“动态的多重网络模型来捕获几组劳动关系参与者之间
的互动。” Nayar“通过将人类个性与社交互动方面结合起来，来改进在
经济或社会场景中人类行为的建模。”作者将这种推理应用于行人疏散类
型模型的情况，发现“可以建立基于个性的疏散模型，并且能够产生与其
他先前模型以及现实生活中看到的模型相似的结果，以及一些新出现的模
型。行为。” Thompson，Gormley，Homan和Platt提出了“ PIC（预测，
交互，计算）框架以及用于多准则决策的随附方法。”他们将此框架应用
于生物医学创新领域。 巴尼通过对实施《禁止遗留儿童法案》（NCLB）
实施大约二十年的结果进行回顾，从而完善了论文清单。这次审查是在考
虑将教育作为一个复杂系统的情况下进行的。 与往常一样，在本期JPCS
中方法论的考虑和应用范围证实了在政策和复杂性交汇处出现的这一新领
域的增长。

 
与往常一样，在本期JPCS中方法论的考虑和应用范围证实了在政策和复杂
性交汇处出现的这一新领域的增长。 我们再次鼓励潜在的作者向《政策
与复杂系统杂志》提交他们的论文，并帮助我们建立可以应对不断变化的
世界挑战的学科。 COVID-19清楚地表明了决策者在前所未有的全消耗现
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象下所面临的挑战。我们尤其期待能评估各国在应对大流行中所采取的不
同方法的论文。 最好的祝福， 米尔萨德·哈兹卡迪奇 编辑 政策与复杂
系统杂志
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Abstract

Existing research argues that countries increase their production 
basket by adding products which require similar capabilities to 
those they already produce, a process referred to as path depen-
dency. Green economic growth is a global movement that seeks 
to achieve economic expansion while at the same time mitigating 
environmental risks. We postulate that countries engaging in green 
economic growth are motivated to invest strategically to develop 
new capabilities that will help them transition to a green economy. 
As a result, they could potentially increase their production baskets 
not only by a path dependent process but also by the non-path de-
pendent process we term “high-investment structural jumps.” The 
main objective of this research is to determine whether countries 
increase their green production basket mainly by a process of path 
dependency, or alternatively, by a process of structural jumps. We 
analyze data from 65 countries and over a period from years 2007 
to 2017. We focus on China as our main case study. The results 
of this research show that countries not only increase their green 
production baskets based on their available capabilities, following 
path dependency, but also expand to products that path dependen-
cy does not predict by investing in innovating and developing new 
environmental-related technologies.

Keywords: product space; path-dependence; non-path depen-
dence; green economy
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Hacia el Verde: el papel de la dependencia del camino y los 
saltos estructurales en la expansión de la economía verde

Resumen

La investigación existente argumenta que los países aumentan su 
canasta de producción al agregar productos que requieren capa-
cidades similares a las que ya producen, un proceso denominado 
dependencia de ruta. El crecimiento económico verde es un movi-
miento global que busca lograr la expansión económica y al mismo 
tiempo mitigar los riesgos ambientales. Postulamos que los países 
que participan en el crecimiento económico verde están motivados 
a invertir estratégicamente para desarrollar nuevas capacidades 
que los ayudarán a la transición a una economía verde. Como re-
sultado, podrían aumentar sus canastas de producción no solo por 
un proceso dependiente de la ruta, sino también por el proceso no 
dependiente de la ruta que denominamos “saltos estructurales de 
alta inversión”. El objetivo principal de esta investigación es deter-
minar si los países aumentan su canasta de producción verde prin-
cipalmente por un proceso de dependencia del camino o, alternati-
vamente, por un proceso de saltos estructurales. Analizamos datos 
de 65 países y durante un período de 2007 a 2017. Nos centramos 
en China como nuestro principal caso de estudio. Los resultados 
de esta investigación muestran que los países no solo aumentan sus 
canastas de producción ecológica en función de sus capacidades 
disponibles, siguiendo la dependencia de la ruta, sino que también 
se expanden a productos que la dependencia de la ruta no predice 
al invertir en innovar y desarrollar nuevas tecnologías relacionadas 
con el medio ambiente.

Palabras clave: espacio del producto; dependencia del camino; de-
pendencia del no camino; economía verde

日益发展的绿色经济：路径依赖与结构
性跳跃在绿色经济扩张中发挥的作用

摘要

现有研究论证，国家通过增加与其已生产商品相似的产品来
扩大其生产篮，这一过程被称为路径依赖。绿色经济增长是
一项全球运动，它试图在实现经济增长的同时缓解环境风
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险。我们假设，参与绿色经济增长的国家被激励进行战略投
资，以期发展出帮助国家过渡到一个绿色经济的新的能力。
结果则是，这些国家能潜在地扩大其生产篮，不仅通过路径
依赖过程，还通过被我们称为“高投资结构性跳跃”的非-
路径依赖过程。本研究的主要目标是确定各国是通过路径依
赖过程还是结构性跳跃过程来扩大其绿色生产篮。我们分析
了2007年至2017年间65个国家的相关数据。我们将中国作为
主要案例研究。本研究结果表明，国家不仅基于其可用的能
力（路径依赖）来增加绿色生产篮 ，还通过对创新和发展
新的环境技术进行投资，从而扩大到路径依赖无法预测的产
品。

关键词：产品空间，路径依赖，非-路径依赖，绿色经济

Introduction

Countries are faced with the 
paired challenges of both grow-
ing their economics and miti-

gating environmental risks (Knight & 
Schor, 2014). In most public debates, 
these two goals are posed as being in 
competition with each other. A grow-
ing call for green economic develop-
ment, including recent efforts towards 
the Green New Deal proposed in the 
United States Congress, show how 
countries can pursue both goals simul-
taneously and in a mutually supportive 
manner (Andersen, 2018; Fraccascia et 
al., 2018; Han, 2018; He et al., 2019). 
The expansion of a country’s green pro-
duction basket enables it to grow and 
develop its economy while meeting its 
environmental needs (D'Amato et al., 
2017; McAfee, 2016; Weber & Cabras, 
2017). According to the path depen-
dency hypothesis (Hidalgo et al., 2007), 
an economy that is not prepared to 

make this expansion will require a more 
difficult transition to expand its capaci-
ty. Examining growth patterns in those 
countries that are building and expand-
ing a green economic sector will show 
whether expansion into and within the 
green economy adheres to the path de-
pendency hypothesis.

Path dependency is driven by 
product similarities. Hausmann and 
Klinger (2007) and Hidalgo et al. (2007) 
established the concept of a Product 
Space (PS) that provides a measure of 
similarity between any two products in 
an economy. This measure is based on 
the idea that if two products share sim-
ilar production inputs, such as resourc-
es, technology, or infrastructure, then 
they have a greater similarity to prod-
ucts that do not share any of these in-
puts. Hidalgo et al. (2007) showed that 
it is also more likely that an economy 
will produce both products and that ex-
pansion is more likely to add products 
similar to what the economy already 
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produces, establishing the path depen-
dency hypothesis. Mealy and Teytel-
boym (2018) proposed the concept of 
a Green Product Space (GPS) by con-
structing a comprehensive list of green 
products and linking all green products 
as a network by defining a measure of 
green products’ similarities based on 
Hausmann and Klinger (2007) and Hi-
dalgo et al. (2007)’s definitions. The GPS 
allows the application of concepts that 
Hidalgo et al. (2007) examined in the 
full PS to a country’s green economy. 

Diversifying production accord-
ing to path dependency tends to gen-
erate faster economic growth (Coni-
glio et al., 2018; Hausmann & Klinger, 
2007; Hidalgo et al., 2007; Mealy and 
Teytelboym, 2018). Path-defying diver-
sification is rare, especially for poorer 
countries (Coniglio et al., 2018; Hidal-
go et al., 2007). Though it is harder and 
riskier for the economy to jump in their 
PS and GPS networks, the required 
structural changes can be expected to 
generate greater economic develop-
ment over a longer period of time than 
path dependent diversification despite 
its faster GDP growth. Coniglio et al. 
(2018) have demonstrated that product 
diversification across all goods tends to 
follow path dependency. However, this 
has not been examined for the expan-
sion of green production and the di-
versification of an economy’s basket of 
green products.

This research asks if empirically 
observed patterns of green product di-
versification follow the path dependen-
cy hypothesis as suggested by applying 
Hidalgo et al.’s (2007) work in the PS 

framework to the GPS framework (Co-
niglio et al., 2018; Mealy & Teytelboym, 
2018). This analysis allows us to answer 
the following question: 

Does a country’s ability to diversi-
fy its green product basket follow 
a path-dependent or non-path de-
pendent process?

The answer to the above ques-
tion will help us understand the reasons 
why some countries, such as the Unit-
ed States, China, and Germany, had 
successful transitions to a green econ-
omy (and a more diversified green pro-
duction basket) and thus stand as the 
top leaders in green economy growth. 
The goals of this research are to iden-
tify the patterns of green growth in all 
countries with a special focus on Chi-
na (the country with the highest green 
product export values according to 
Mealy and Teytelboym [2018]), and 
the factors that enable these countries 
to have structural jumps in their green 
production baskets and stand as leaders 
in developing their green economies. 
The results of this research can be used 
as a suggestion for a possible direction 
that countries with a lower rate of green 
growth can take to diversify their green 
production basket.

Literature

Economic growth is not a suf-
ficient indicator of the level of 
economic development in a 

country (Acemoglu et al. 2002; Moyo, 
2009). Economic growth is simply the 
value of the annual increase in a coun-
try’s production basket along with 

http://al.�s
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the growth rate of its Gross Domestic 
Product (GDP) (Zhang & Zeng, 2008). 
Economic development does not only 
happen through changing existing pro-
duction materials, but through sever-
al changes in a country’s production 
structure (Schumpeter, 1961). Struc-
tural changes in a country’s production 
materials enables it to enhance its pro-
duction basket and achieve its desired 
economic development (Yang, 1990). 
This development causes countries to 
face several problems, such as environ-
mental risks (Gu et al., 2018; Knight & 
Schor, 2014; Lederer et al., 2018), and 
high consumption of energy and natu-
ral resources (OECD, 2013).

According to Knight and Schor 
(2014), climate change is the most seri-
ous environmental issue that the world 
is facing today.  Studies show the strong 
positive relation between a country’s 
economic development and its carbon 
dioxide emissions (Dietz & Rosa, 1997; 
Jorgenson & Clark; 2012; Knights & 
Schor, 2014; York et al., 2003;). There-
fore, it is important to limit global 
climate change “... below the critical 
threshold of 2 C” (Lorek & Spangen-
berg, 2014, p. 2). Green growth and the 
transition to green economy enables a 
country to reduce its environmental 
risks, and address some of its econom-
ic, social, and environmental challenges 
(Hoffmann, 2011). 

Path Dependency in 
Product Diversification

The concept of path dependen-
cy in product diversification 
was proposed by Hidalgo et al. 

(2007). They argued that a country’s 
economy grows by producing more 
products, and it is easy for a country to 
produce products that require similar 
capabilities, such as capital, technology, 
infrastructure, and labor, of the coun-
try’s existing export basket. According 
to Coniglio, Vurchio, Cantore, and Cla-
ra (2018), “current production capa-
bilities are the key link between what a 
country produces today and what it will 
produce tomorrow, in other words the 
essence of the mechanism of path-de-
pendence ...” (p. 10). Hausmann and 
Klinger (2010) and Hidalgo (2007) an-
alyzed the export baskets of Ecuador 
and some African countries—Kenya, 
Mozambique, Rwanda, Tanzania and 
Zambia— and showed that they inhab-
it a peripheral position in the PS. Co-
niglio et al. (2018) added that this pe-
ripheral position is persistent over time. 
Coniglio, Vurchio, Cantore, and Clara 
(2018) discussed that, Minondo (2011) 
studied export baskets of 91 countries 
to show how they are diversified in their 
production baskets by calculating the 
degree of centrality in the PS. The re-
sults of their research showed that the 
degree of centrality in the PS “…is a 
strong predictor of diversification level” 
(p. 10). Coniglio, Vurchio, Cantore, and 
Clara (2018) mentioned another study 
that investigates the path-dependency 
in countries’ products diversification 
and is proposed by Boschma and Ca-
pone (2016) where they “... analyzed 
the process of trade diversification for 
EU-27 and European Neighbourhood 
Policy (ENP) countries between 1995 
and 2010. The authors find evidence of 
path-dependence as countries develop 
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their revealed comparative advantage 
in products related to those in which 
they were already specialized” (p. 10). 

Mealy and Teytelboym (2018) 
showed that a country’s green growth 
and green development also follow a 
path-dependence process. The authors 
showed that countries can expand their 
green production baskets based on 
their existing green production capabil-
ities and used this finding as a funda-
mental basis regarding how countries 
can re-orient their current industrial 
capabilities in order to have a better 
green growth.  Their work remains one 
of only a few works that examine the 
dynamics described above in the GPS.

Green Economy and 
Green Growth

According to Knight and Schor 
(2014) and the United Na-
tions Environment Programme 

(UNEP), a green economy can be de-
fined as “one that results in improved 
human well-being and social equality, 
while significantly reducing environ-
mental risks and ecological scarcities” 
(p. 3723). On the other hand, green 
growth is defined as “growth achieved by 
saving and using energy and resources 
efficiently to reduce climate change and 
damage to the environment, securing 
new growth engines through research 
and development of green technology, 
creating new job opportunities, and 
achieving harmony between the econo-
my and environment” (Kasztelan, 2017, 
p. 489). Green growth and green econ-
omy are both suggested as solutions to 
financial and economic crises (Kasz-

telan, 2017; Lane, 2010). Both involve 
improving the global economy by in-
vesting in the environmentally friendly 
products, markets, and services (Kasz-
telan, 2017; Lane, 2010). Although the 
terms green economy and green growth 
have different origins, they are often 
used interchangeably (Kasztelan, 2017).

The driving force behind the 
development of green economy and 
green growth is their high focus on 
comprehensively incorporating the 
environment in the economy. Main-
ly through technological innovations, 
in the concepts of green economy and 
green growth, feasible approaches to 
improve the results of economic activ-
ity are identified while considering cli-
matic problems and deficiency in natu-
ral resources (Kasztelan, 2017). Under 
the green economy approach, the goal 
is two-fold. It aims at transforming the 
economy in such a way that it reduces 
environmental and ecological deficien-
cies, while at the same time improving 
justice and social welfare. Such change 
will be achieved by investment, the 
creation of “green” jobs, the creation 
of markets for new products, and the 
reinforcement of international trade. 
The main goal under green growth is to 
maintain the economic growth, while 
taking into account the importance of 
natural capital and recognizing its role 
in production (Kasztelan, 2017).

Product Space 

The concept of PS is defined by 
Hausmann and Klinger (2007) 
and Hidalgo et al. (2007). The 

PS is a network between 774 products 
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that are produced and traded between 
all countries in the world. Products are 
related when they use similar inputs of 
capital, recourses, and labor, and the 
PS network connects these products 
according to their relatedness. The re-
latedness between any two products i 
and j in the PS is calculated as “... the 
minimum of the pairwise condition-
al probability of being co-exported ...” 
(Coniglio, Vurchio, Cantore, & Clara, 
2018, p. 10) with revealed comparative 
advantage (RCA ≥ 1 ): 

                
                          

where φi,j is the measure of relatedness 
between any two products i and j, xi 
and xj are the export values of products 
i and j that have been traded between 
countries, respectively, and 

“... is the conditional probability of ex-
porting good i given that you export 
good j” (Hidalgo et al., 2007, p. 2). 
According to Hidalgo et al. (2007), the 
new product j that will be added to a 
country’s export basket is the one that 
has the highest relatedness with the 
products that are already produced and 
exported. The main hypothesis of the 
PS is that “the evolution of countries 
comparative advantage can be repre-
sented over the PS as gradual ‘jumps’ 
from one node that represents a product 
already in the export basket to the clos-
est nodes not in the production basket, 
that is products in which countries have 
a latent comparative advantage from 
sharing the use of similar production 

capabilities” (Coniglio, Vurchio, Can-
tore, & Clara, 2018, p. 6). More explic-
itly, the path dependency hypothesis 
claims that countries tend to grow their 
economy by adding products that are 
similar to those for which the country 
already produces with high RCA.

Green Product Space

Mealy and Teytelboym (2018) 
used the concept of PS and 
developed a network of re-

latedness between 293 green prod-
ucts—called the GPS— that are traded 
between 1995 and 2014. The main hy-
pothesis of GPS is that countries tend to 
develop their green economy according 
to their existing green production capa-
bilities. Similar to Hidalgo et al. (2007), 
Mealy and Teytelboym (2018) argued 
that the next new green product that 
is to be added to a country’s green pro-
duction basket is the one that has the 
highest relatedness value with the green 
products that are already produced 
and exported in the green production 
baskets of that country. In addition, 
Mealy and Teytelboym (2018) ranked 
countries according to their Green 
Complexity Index (GCI) and showed 
countries with high GCI, “... have high-
er environmental patenting rates, lower 
CO2 emissions, and more stringent en-
vironmental policies” (Mealy & Teytel-
boym, 2018, p. 1).

They further constructed the 
Green Adjacent Possible (GAP) mea-
sure that “... represents the set of tech-
nologically proximate green products 
that a country could potentially be-
come competitive in” (Mealy & Teytel-
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boym, 2018, p. 1). Finally, the authors 
constructed a measure—Green Com-
plexity Potential (GCP)—to predict “.... 
countries’ future competitiveness in 
green products” (Mealy & Teytelboym, 
2018, p. 1), and show that the relation 
between GCP and GCI will “... [suggest] 
the path-dependence in the accumula-
tion of green production capabilities” 
(Mealy & Teytelboym, 2018, p. 1).

Revealed Comparative 
Advantage (RCA)

The Revealed Comparative Ad-
vantage (RCA) index can be 
defined as “a measure of the rel-

ative ability of a country to produce a 
good vis-`a-vis its trading partners” 
(French, 2017, p. 83) and is defined by 
Balassa (1965). Hausmann et al. (2013) 
described Balassa (1965)’s definition 
of RCA as by saying that a country has 
RCA on a product if it produces and ex-
ports the product more than “... a fair 
share, that is, a share that is equal to 
the share of total world trade that the 
product [represents]” (Hausmann et al., 
2014, p. 25). The RCA of country c, for 
product i, can be calculated as (Fracca-
scia et al., 2018; Hausmann et al., 2013):

where Xci is the export value of product 
i for country c, ΣjXcj is the total export 
value of all products, j, that is exported 
by country, c, ΣcXci is the total export 
value of product i that is exported by 

1 List of green products can be found at https://www.oecd-ilibrary.org/trade/the-stringency-of-envi 
ronmental-regulations-and-trade-in-environmental-goods_5jxrjn7xsnmq-en

all countries c, and ΣciXcj is the total 
value of all products that has been trad-
ed between all countries in the world. 
(Hausmann et al., 2013) then used this 
measure to develop “... a matrix that 
connects each country to the products 
that it makes” (Hausmann et al., 2013, 
p. 25). The matrix values can be calcu-
lated as (Hausmann et al., 2013):

where Mci is the entries in the matrix 
and it is 1 if country c exports product i, 
with Revealed Comparative Advantage 
larger than 1, and 0 otherwise.  

Data

To obtain the data for this re-
search, first a comprehensive 
list of green products must be 

developed. To this end, the list of green 
products is obtained from the Organi-
zation for Economic Cooperation and 
Development (OECD), and with this, a 
comprehensive list of 247 green prod-
ucts is constructed (Sauvage, 2014).1 
The green products in this compre-
hensive list are classified based on the 
6-digit Harmonized System (HS). Sec-
ond, the green growth indicators and 
their related data are collected from 
the OCED statistics database to explore 
whether these indicators play a role on 
enhancing the countries’ ability to have 
structural jumps in their green product 
space or not. The green growth indi-
cators can be listed as: development of 
environmental-related technologies per 

https://www.oecd-ilibrary.org/trade/the-stringency-of-environmental-regulations-and-trade-in-environmental-goods_5jxrjn7xsnmq-en
https://www.oecd-ilibrary.org/trade/the-stringency-of-environmental-regulations-and-trade-in-environmental-goods_5jxrjn7xsnmq-en
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capita, number of patents related to en-
vironmental-related technologies, and 
development of environment-related 
technologies, as a % of all technologies.  
In the third step, the trade data for 247 
green products were obtained from the 
United Nation Comtrade database (UN 
Comtrade, 2019). The data includes:

1. Information on the year that each 
green product was exported

2. The countries that exported and im-
ported green products

3. All green product codes according 
to HS classification. 

4. Each country’s code.

5. Trade values of each green product 
for all countries that was traded in 
each year (2007 to 2017). 

Table 1. List of Some Green Products

Year Country Country 
ISO code

HS6 green 
products 

code

Green product 
name

Export value 
(US$)

2013 Germany DEU 390940 Phenolic resins, in 
primary forms $251,471,129

2013
United 

States of 
America

SA 390940 Phenolic resins, in 
primary forms $237,674,965

2013 China CHN 390940 Phenolic resins, in 
primary forms $156,046,507

2017 Germany DEU 840690
Turbines; parts of 
steam and other 
vapor turbines

$500,354,255

2017
United 

States of 
America

USA 840690
Turbines; parts of 
steam and other 
vapor turbines

$309,129,267

2017 China CHN 840690
Turbines; parts of 
steam and other 
vapor turbines

$430,767,939

The trade value of each green 
product shows how much a specific 
green product was exported by each 
country. The trade value is based on US 
Dollars, and for all 247 green products 
the export values are considered. Trade 
values are used to calculate the RCA 
and the relatedness for each country per 

year. A list of some green products and 
their related data is listed in Table 1.

Methods

This analysis uses seven steps to 
answer the research question 
listed above: 
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1. In order to begin the analysis, two 
years should be defined to under-
stand the country’s pattern of green 
growth. In this research, the initial 
year is 2007, t0=2007 and final year 
is 2017, t1=2017. 

2. Define the new green products. 

3. Calculate the relatedness between 
any pair of products i and j that was 
traded in t0=2007 to construct an 
MxM matrix of relatedness between 
all products i and j. 

4. Construct the set of products with 
RCA>1 at t0=2007 for each country.

5. Calculate the relatedness between 
new green products and all prod-
ucts with RCA>1 at t0=2007.

6. Construct the matrix of relatedness, 
MxG, between new green products 
and all products with RCA>1 at 
t0=2007.      

7. Provide statistical analysis on the 
obtained data at step 6 to under-
stand whether or not countries fol-
lowed path-dependence process to 
grow their green economy.

We base our approach in the PS 
framework (Hidalgo et al., 2007) and 
dart-board approach that Coniglo et al. 
(2018) proposed for exploring whether 
a country’s transition to the green econ-
omy followed path-dependency or not. 
We used the definition of new products 
that Coniglio et al. (2018) proposed to 
define new green products. In addition, 
the definition of RCA that is proposed 
by Balassa (1965) is used to define the 

green products in the countries’ ex-
port baskets as those with RCA above 
1 (Coniglio et al., 2018; Hidalgo et al., 
2007). New green products can be de-
fined as products that were not in the 
green production baskets of a country 
at time t0=2007 and enter to the green 
production baskets of a country at time 
t1=2017. Therefore, new green products 
in this research are those with a RCA 
lower that 0.2 at time t0=2007 and above 
1 at time t1=2017. 

Similar to Coniglio et al. (2018) 
and Hidalgo et al. (2007), the related-
ness between any pair of products i and 
j that were exported in the world at time 
t0=2007 is calculated in an MxM matrix, 
where the products i are in the rows and 
products j are in the columns of the ma-
trix, and the values in the matrix show 
the relatedness between products i and 
j. The values of the matrix (relatedness 
between products i and j) are obtained 
as follows: 

1. The RCA value for all products that 
is exported by each country, c, in the 
world and for time t0 is calculated 
to “... measure whether a country, c, 
exports more of good i, as a share of 
its total exports ...” (Hidalgo et al., 
2007, p. 484) as follow: 

2. After calculating the RCA values for 
each country, c, in year t, if RCA of 
product i for country, c, is above 1 
it means the country is a major ex-
porter of the product i and it has 
RCA above 1 for product i at time t, 

(1)
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otherwise the RCA is 0 (Hidalgo et 
al., 2007; Coniglio et al., 2018):

“where RCAci is the standard Balassa 
(1965) index employed as a measure 
of export specialization” (Coniglio, 
Vurchio, Cantore, & Clara, 2018, p. 
11). Then, after determining the RCA 
values for each country, c, Hausmann 
and Klinger’s (2007) method is used to 
calculate the relatedness between any 
pair of products i and j as the minimum 
of the pair-wise conditional probabili-
ty of being co-exported (Hidalgo et al., 
2007; Coniglio et al., 2018):                                                            

where φi,j  is the relatedness values in 
the MxM matrix.

According to Coniglio et al. 
(2018), in the third step of the analysis, 
products that are exported with a RCA 
above 1 for each country, c, at time t0 
should be listed. After implementing 
the first two steps, we proposed as the 
set of green products that are export-
ed by each country, c, at time t0=2007. 
Next, an MxC matrix, , of relatedness 
between the new green products at the 
time t0=2007 and the initial green prod-
ucts of the countries at time  t1=2017 is 
developed as follows: 

Where dic(φi,j) = max(φi,j) shows the re-
latedness of new green products at time 

t1=2017 with the most related (high-
est relatedness) green products at time 
t0=2007 (Coniglio et al., 2018). The 
relatedness values are between 0 to 1, 
with the closer the relatedness value to 
1, the more similar the capabilities that 
two products i and j require for produc-
tion are.

The final step is to provide sta-
tistical analysis to explore whether the 
new green products that entered to the 
countries’ export baskets followed path 
dependence or non-path dependence. 
Similar to Coniglio, Vurchio, Cantore, 
and Clara (2018), a counterfactual dis-
tribution of relatedness for each coun-
try, c, was constructed by implementing 
the Monte Carlo simulation with “... 
1,000 random draws of size equal to the 
actual number of new ...” (p. 12) green 
products to test Hidalgo et al.’s (2007) 
path-dependence hypothesis for de-
veloping countries’ production basket 
and, at the same time, observe if there 
are any new green products that did 
not follow a path-dependent process. In 
essence, this compares the distribution 
of the new green products relatedness 
value that is obtained from equations 
(4) with the counterfactual distribution 
to explore the following three possible 
scenarios (Coniglio et al., 2018):

1. If the distribution of new green 
products relatedness value stands 
fully to the right side of the counter-
factual distribution, the hypothesis 
of random relatedness for any level 
of proximities can be rejected for 
actual data (full path-dependence).

2. If the distribution of the new green 

(2)

(3)

(4)

http://al.�s
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for all countries, c, where “... densities 
[are] calculated non-parametrically us-
ing a Gaussian Kernel function with 
bandwidth h set according to Silver-
man’s optimal rule of thumb” (Coni-
glio, Vurchio, Cantore, & Clara, 2018, 
p. 13). In equation (5), dit is obtained 
using equation (4), and

equals to the total number of green 
products. In addition, a regression 
model is developed to explore if the 
green growth indicators (development 
of environmental-related technologies 
per capita, number of patents related 
to environmental-related technologies, 
and development of environment-relat-
ed technologies, as a % of all technol-
ogies) obtained from OECD statistics 
database have a significant effect on a 
country’s green production expansion. 
This model is discussed in depth in the 
“High investments structural jump” 
section.

Results

Figure 1 shows the kernel distribu-
tion of relatedness, as defined in 
equation 4, between new green 

products at time t1=2017 and the prod-
ucts with RCA>1 at t0=2007 for all 
countries. 

The horizontal axis in Figure 1 
shows the relatedness values – 0 to 1- 
between new green products at t1=2017 
and the products with RCA>1 at t0=2007 
for all countries. The blue kernel distri-
bution shows the relatedness between 
new green products at t0=2007 and the 
products with RCA>1 at t0=2007, while 
the orange kernel distribution shows 
the randomly generated relatedness 
values that were obtained as a result of 
the counterfactual analysis. 

 The comparison between the 
blue kernel distribution and orange 
kernel distribution shows whether the  
countries green growth followed path- 
dependence process or not. The com-

products relatedness value stands 
below the counterfactual distribu-
tion, the hypothesis of random re-
latedness for any level of proxim-
ities cannot be rejected for actual 
data (no path-dependence).

3. If the distribution of the new green 
products relatedness value stands 
partially to the right side of the 
counterfactual distribution, the 
hypothesis of random relatedness 

can be rejected for new green 
products with distribution stands 
above counterfactual distribution 
(path-dependence and non-path 
dependence process).

In accordance with Duranton 
and Overman’s (2005) and Coniglio et 
al.’s (2018) methods, this analysis is im-
plemented using kernel smoothed den-
sity estimation as: 

(5)

http://al.�s
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parisons show that countries’ diversi-
fication to a green economy followed 
the path-dependence process when 
the relatedness values between 0.58 to 
0.7. The relatedness values above 0.7 

demonstrate that the non-path de-
pendent process is followed when the 
products have high degree of related-
ness. This shows that countries did not 
enhance their green production bas-

Figure 2. China’s kernel distribution of relatedness between new green products at time 
t1=2017 and time t0=2007: actual new green products data versus random data.

Figure 1. Kernel distribution of relatedness between new green products at time t1=2017 
and time t0=2007: actual new green products data, versus random data.
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kets based on the products for which 
they already had an RCA>1 and they 
jumped in their PS network.

The comparison also shows 
that countries’ diversification to green 
growth followed the non-path depen-
dent process for a considerable number 
of green products (represented by the 
orange area above the blue area). Thus, 
our results show that countries did 
jump in their PS and produced green 
products that did not share similar ca-
pabilities with their existing green pro-
duction baskets. 

According to Mealy and Teytel-
boym (2018), China ranked first in 
terms of green growth, and China fol-
lowed Hidalgo et al.’s (2007) concept 
of path–dependence to develop their 
green production baskets. 

Similar to Figure 1, the horizon-
tal axis in Figure 2 shows the related-
ness values – 0 to 1- between new green 
products at t1=2017 and the products 
with RCA>1 at t0=2007 for China. By 
comparing the kernel distribution of 
relatedness between new green prod-
ucts at t1=2017 and the products with 
RCA>1 at t0=2007, the blue kernel dis-
tribution, with the kernel distribution 
of randomly generated relatedness for 
China’s green product relatedness val-
ues, the orange kernel distribution, it 
is shown that China followed the non-
path dependence process (the orange 
area stands above blue area) for some 
green products, but at the same time, 
followed the path-dependence process 
(the blue area that stands partially to 
the right side of orange area), especially 
for new green products that the relat-

edness values above 0.7, which demon-
strate that the path-dependency pro-
cess is followed when the products have 
high degree of relatedness, aligned with 
Hidalgo et al.’s (2007) hypothesis of 
path-dependence. This shows that Chi-
na enhanced its green production bas-
kets based on the products for which it 
already had an RCA>1. That is, China 
exhibits patterns that both adhere to 
and deviate from the path dependency 
hypothesis. This shows China’s struc-
tural change in their production capa-
bilities enabled them to produce more 
green products and grow their econo-
my while reducing their environmental 
risks (Haibo et al., 2019; Li et al., 2019; 
Pan et al., 2019).

High-Investments 
Structural Jumps

In the previous section it was found 
that countries not only follow the 
path-dependent process to expand 

their green production baskets, but also 
follow the non-path dependent process 
to produce a considerable amount of 
green products. A country’s ability to 
expand its product basket without be-
ing limited by its current capabilities is 
demonstrated by its ability to expand to 
sectors of production unrelated to its 
current production basket; countries 
capable of this are better equipped for 
structural transformations and rap-
id economic growth (Coniglio et al., 
2018). 

The goal of this section is to 
identify factors which enable jumps in 
the green production basket. To this 
end, a linear regression model is used 

http://al.�s
http://al.�s
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where the dependent variable is the 
share of the new green products added 
to countries export basket following the 
path-dependent process. As defined in 
the methods section, new green prod-
ucts are green products with RCA<0.5 
in 2007 and above 1 in 2017. The linear 
regression model is

where          is the independent variable 
that is calculated for each country at 
time t0=2007, and         is the error term. 
The dependent variable and indepen-
dent variables are described in Table 2.

Y =

Table 2. Description of Dependent and Independent Variables

Variables Description Source

Dependent variable: New 
green products

Share of new green 
products (RCA<0.5 at 
t0=2007 and RCA>1 at 
t1=2017) over the total 

number of green products 

Calculations described 
within this paper

Independent variable: 
Development of 

environment-related 
technologies per capita

Number of environmental-
related inventions per 

million residents of each 
country

Organization for Economic 
Co-operation and 

Development (OECD)

Independent variable:
Number of patents related 
to environmental-related 

technologies

Number of patents that 
each country reported 

related to environmental-
related technologies

Organization for Economic 
Co-operation and 

Development (OECD)

Independent variable:
Development of 

environment-related 
technologies, % all 

technologies

Number of environmental-
related technologies that 

countries developed 
compared to all developed 

technologies 

Organization for Economic 
Co-operation and 

Development (OECD)

It is expected to see that the in-
dependent variables have a negative 
effect on the dependent variable, that 
is, as countries introduce more patents 
and develop more environmental-relat-
ed technologies, their green production 
basket diversifies regardless of their 
existing production capabilities. The 
result of the regression analysis is pro-
vided in Table 3.

As expected, all three factors have 
a negative effect on producing the new 
green products following the path-de-
pendent process. This shows that as the 
values of the independent variables in-
crease, the less dependencies exist for a 
country’s green production. As coun-
tries invested more in the development 
of environmental related technologies, 
they jumped in their production basket 
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and were able to produce more green 
products. This is the main reason that 
China had a jump in its green produc-

tion basket and produced more green 
products.

                                                                                (1)                       (2)                      (3)   

Development of environment-related       -0.00012**                            -1.080*                     -1.108*

technologies per capita

Number of patents related to 
environmental-related technologies                                            -1.826              -1.705

Development of environment-related
technologies, % all technologies                                                                            -1.409

Number of countries                                               65                        65                      65

Note:*p<0.05, **p<0001. 

Table 3. The Factors that Cause Countries’ Jump in their Green Production Basket

Discussion 

The results of this research showed 
that the 65 countries grew their 
green economy by following both 

path dependence and non-path depen-
dence processes. We used China as our 
case study since it had the largest green 
growth compared to other countries in 
the world (Mealy & Teytelboym, 2018), 
and found that China did jump—that is, 
followed non-path dependence process 
for considerable number of their green 
products—in its PS, and could produce 
more green products compared to all 
other countries. This shows that Chi-
na implemented successful structural 
reforms in order to grow while reduc-
ing its environmental risks, especially 
climate change (Haibo et al., 2019; Li 
et al., 2018; Li et al., 2019; Pan et al., 
2019; Shen et al., 2018). Additionally, 

the results showed that innovating and 
developing new environmental-related 
technologies has a significant effect on 
the new green products that countries 
produce: they become less dependent 
on their existing capabilities. This con-
firms that as countries innovate and de-
velop more new environmental-related 
technologies, they can jump in their 
product space and produce new green 
products that are not related to their ex-
isting production capabilities.

 The results of this paper show 
that even as “... governments around 
the globe are more and more seduced 
by the PS idea of ‘latent comparative 
advantage’, which suggests that policy 
effort should be ‘smartly’ targeted to  
those products that are not yet in 
countries’ export baskets but are related 
to it (i.e. small jumps over the PS are 
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those that are likely to be effective)” 
(Coniglio, Vurchio, Cantore, & Clara, 
2018, p. 28), countries diversify their 
green production basket also based on 
large PS jumps as a result of the non-
path dependent process. This shows that 
countries can plan to jump in their PS to 
produce more green products by having 
a “... better endowment of human…” 
(Coniglio, Vurchio, Cantore, & Clara, 
2018, p. 28) and “[natural] capital to 
develop their comparative advantage in 
new areas of the PS” (Coniglio, Vurchio, 
Cantore, & Clara, 2018, p. 28), and 
better intervention from governments 
(Mealy & Teytelboym, 2018) in order to 
support industries, and thus make such 
high-investment structural jumps in 
green production.

Conclusion

An economy grows by upgrad-
ing the products they produce 
and export (Hidalgo et al., 

2007). Countries follow the path-de-
pendence (Hidalgo et al., 2007) or non-
path dependence process (Coniglio et 
al., 2018) to grow their economy. That 
is, if a country uses its existing capa-
bilities to grow its economy, it follows 
the path-dependence process, and if a 
country produces a product that uses 
divergent capabilities from its existing 
production basket, it follows the non-
path dependence process. Following the 
non-path dependence process requires 
the country to make structural chang-
es in its production basket (Coniglio et 
al., 2018). A country’s economic growth 
will increase its environmental risks, 
specifically climate change, therefore, it 

is crucial for environmental risks to be 
minimized even as a country seeks to 
grow (Knight & Schor, 2014). 

Economic growth and economic 
development causes countries to face  
several problems including the afore-
mentioned environmental risks, and 
also high energy and natural resource 
consumption. Climate change is the 
most considerable problem that emerg-
es when countries try to grow their 
economy. However, a transition to a 
green economy enables countries to 
grow their economy while reducing 
this environmental risk. The transition 
to a green economy requires structural 
changes in industry, and the implemen-
tation of policy for is a challenge for all 
countries, particularly poor countries. 
The results of this research showed that 
China, the country that has the largest 
growth in its green economy between 
2007 and 2017, jumped in its green pro-
duction basket and successfully com-
pleted major structural changes in its 
industry. In addition, the results of this 
research provide a better understanding 
on how countries enhanced their green 
growth, and thus, how other countries 
could accomplish similar actions to 
create or improve their green econo-
my development plan while reducing 
their environmental risks, especially 
climate change. We characterize green 
growth as exhibiting dual dynamics: (1) 
path-dependent growth that “exploits” 
current infrastructure, and (2) high-in-
vestment structural growth that “explo-
res” new structural changes via strate-
gic investments. Further, development 
of these framework will allow coun-
tries or regions to strategically promote 
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“path-dependent growth” or “high-in-
vestment structural growth” in order to 
achieve their green economy goals. In 
addition to green economy, the meth-
od used in this paper can be used for 

different areas, such as understanding 
the pattern of industrial evolution in 
a region or country, or understanding 
the pattern of technological relatedness 
evolution in a region or country. 
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Abstract

What is the role of policy entrepreneurship in punctuated equilib-
rium theory for policy studies (PE-PS)? Frank Baumgartner and 
Bryan Jones seem to place policy entrepreneurship front and cen-
ter. Building on William Riker’s and John Kingdon’s earlier work 
on the idea of policy entrepreneurship, Baumgartner and Jones de-
pict policy entrepreneurs in Agendas and Instability in American 
Politics (p. 42) as the manipulators of policy images and venues 
so as “to alter other people’s understandings of the issues in which 
they deal” (p. 42). Similarly, in their subsequent edited volume Pol-
icy Dynamics (2002a), Baumgartner and Jones more closely specify 
policy entrepreneurship as “the willingness of a political actor to 
invest resources in a given lobbying struggle is likely to be related 
to two things: The probability of success (which is related to expect-
ed behaviors of other actors involved), and the expected benefits” 
(MacLeod, 2002, p. 22). Yet, a careful reading of Baumgartner and 
Jones’ theoretical work on PE-PS reveals that policy entrepreneur-
ship seems at most incidental. This paper will develop this argu-
ment as a critique of Baumgartner and Jones’ PE-PS by exploring 
the role of policy entrepreneurship and its relationship to policy 
change in their model. Crucial insights will also be gleaned by as-
sessing punctuated equilibrium’s development in other fields, most 
notably in the paleobiology of Stephen J. Gould and Niles Eldredge 
(Eldredge & Gould, 1972; Gould, 1992 & 2002) from which punc-
tuated equilibrium theory originates. Specifically, we argue that a 
limitation of punctuated equilibrium theory in policy studies is its 
lack of agency: the reincorporation of a more robust conception of 
policy entrepreneurship might address that limitation.

Keywords: punctuated equilibrium theory; entrepreneurship pol-
icy; change of policy; biological metaphors; philosophy of social 
sciences
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La teoría del equilibrio puntuado y la agencia 
desaparecida del empresario de políticas

Resumen

¿Cuál es el papel de la política empresarial en la teoría del equi-
librio puntuado para los estudios de política (PE-PS)? Frank 
Baumgartner y Bryan Jones parecen colocar el espíritu empresarial 
de política al frente y al centro. Basándose en el trabajo anterior de 
William Riker y John Kingdon sobre la idea del emprendimien-
to de políticas, Baumgartner y Jones representan a los emprende-
dores de políticas en Agendas e Instability in American Politics (p. 
42) como los manipuladores de las imágenes de políticas y lugares 
para “alterar la comprensión de otras personas”. de los problemas 
en los que se ocupan ”(p. 42). De manera similar, en su volumen 
editado posterior Policy Dynamics (2002a), Baumgartner y Jones 
especifican más estrechamente el emprendimiento político como 
“la disposición de un actor político para invertir recursos en una 
lucha de cabildeo dada probablemente esté relacionada con dos co-
sas: la probabilidad de éxito (que está relacionado con los compor-
tamientos esperados de otros actores involucrados) y los benefi-
cios esperados” (MacLeod, 2002, p. 22). Sin embargo, una lectura 
cuidadosa del trabajo teórico de Baumgartner y Jones sobre PE-PS 
revela que el emprendimiento político parece más incidental. Este 
documento desarrollará este argumento como una crítica al PE-PS 
de Baumgartner y Jones al explorar el papel del emprendimiento 
de políticas y su relación con el cambio de políticas en su modelo. 
Las ideas cruciales también se obtendrán al evaluar el desarrollo 
del equilibrio puntuado en otros campos, especialmente en la pale-
obiología de Stephen J. Gould y Niles Eldredge (Eldredge & Gould, 
1972; Stephen Jay Gould, 1992, 2002) de donde se origina la te-
oría del equilibrio puntuado. Específicamente, sostenemos que una 
limitación de la teoría del equilibrio puntuado en los estudios de 
políticas es su falta de agencia: la reincorporación de una concep-
ción más sólida del emprendimiento de políticas podría abordar 
esa limitación.

Palabras clave: teoría del equilibrio puntuado; política de empren-
dimiento; cambio de política; metáforas biológicas; filosofía de las 
ciencias sociales
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间断平衡理论与政策企业家缺失的主体能力

摘要

政策企业家精神在针对政策研究的间断平衡理论（PE-PS）
中发挥了什么作用？学者Frank Baumgartner 和Bryan Jones
似乎将政策企业家精神置于首要中心位置。基于学者Wil-
liam Riker 和John Kingdon各自关于政策企业家精神概念的
早期研究，Baumgartner 和 Jones在《美国政治中的议程与
不稳定性》一书中将政策企业家描述为政策形象和政策场所
的操纵者，以期“改变人们对其所兜售的议题的理解”（p. 
42）。相似的是，在随后编辑的《政策动态》（2002a）一
书中，Baumgartner 和 Jones更精确地对政策企业家精神进
行这样的描述：“政治行动者在一个既定的游说争夺中投入
资源的意愿很有可能与两件事相关：成功率（与其他行动者
的期望行为相关）和期望利益”（MacLeod, 2002, p. 22）
。然而，仔细审视Baumgartner 和 Jones在PE-PS上的理论研
究后发现，政策企业家精神似乎最多算是偶然发生。本文将
该论证作为对Baumgartner 和 Jones的PE-PS理论的一种批
判，通过探究政策企业家精神发挥的作用及其与他们所提出
的模型中的政策变革之间的关系。通过评估间断平衡在其他
领域中的发展，尤其是学者Stephen J. Gould 和Niles El-
dredge（Eldredge & Gould, 1972; Stephen Jay Gould, 
1992, 2002）的古生物学（间断平衡理论的起源领域），进
而收集了关键见解。特别地，我们论证认为政策研究中间断
平衡理论的局限性是缺少主体能力：将政策企业家精神进行
更稳健的构思，这样的重新合并可能解决该局限性。

关键词：间断平衡理论，政策企业家精神，政策变革，生物
隐喻，社会科学哲学

The philosopher of science Karl 
Popper (1985) writes of the val-
ue of good theory: “It character-

izes as preferable the theory which tells 
us more;” writes, “that is to say, the the-
ory which contains the greater amount 
of empirical information or content, 
which is logically stronger; which has 

the greater explanatory and predictive 
power; and which can therefore be more 
severely tested by comparing predicted 
facts with observations” (p. 173). Start-
ing with their article “Agenda Dynamics 
and Policy Subsystems” in The Journal 
of Politics and book Agendas and Insta-
bility in American Politics in the early 
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1990s, Baumgartner and Jones devel-
oped and continue to refine punctuated 
equilibrium theory for policy studies 
(PE-PS) that, in Popperian terms, has 
proven to be very good theory for poli-
cy studies. In its essence, PE-PS tells us 
that the historical trajectories of most 
policy areas since at least World War II 
seldom reflect a steady, gradual change 
but rather a punctuational pattern of 
“long periods of stability punctuated by 
dramatic periods of change” (Baumgar-
tner & Jones, 1991, p. 1046). This single 
insight supporting Baumgartner and 
Jones’ PE-PS has been highly influen-
tial in understanding policy change and 
agenda setting in American and com-
parative policy studies. 

It is commonly known that 
Baumgartner and Jones’ PE-PS is an ad-
aptation of the work of paleobiologists 
Stephen J. Gould and Niles Eldredge’s 
(e.g., Eldredge & Gould, 1972; Gould, 
1992 & 2002) conceptual framework of 
punctuated equilibrium to supersede 
the assumption of gradual evolution of 
species that had dominated the scien-
tific understanding of biological evolu-
tion since the time of Darwin.1 In their 
words, punctuated equilibrium is a 
“novel interpretation for the oldest and 
most robust of paleontological obser-
vations: the geologically instantaneous 
origination and subsequent stability 
(often for millions of years) of paleon-

1 To be fair, other scholars in the social sciences had also discovered the applicability of punctu-
ated equilibrium theory to their research around the same time as Baumgartner and Jones (e.g., 
Burnham, 1991; Kelly, 1994; Schubert, 1992; Tushman et al, 1986). The genius of Baumgartner 
and Jones might therefore be that they were the first to notice just how potent the PET frame-
work is. 

2 A note on terminology: Gould (2007) prefers “punctuated equilibrium” for use in the field 
macroevolutionary theory at the level of speciation and “punctional change” or “functional-
ism” for all other macroevolutionary levels as well as for generality.

tological ‘morphospecies’” (Gould & 
Eldredge, 1993, p. 223). Darwin’s focus 
on gradual change at the level of the 
organism, Gould and Eldredge argue, 
had ignored this observation and for 
decades evolutionary biologists have 
blamed the glaring inconsistencies on 
the fossil record on its incompleteness. 
Back in 1972, Gould and Eldredge ar-
gued that punctuated equilibrium bet-
ter matches the macroevolutionary 
data, and they continued this argument 
until Gould’s passing in 2002. Then, in 
the early 1990s, Baumgartner and Jones 
(among others2) saw that the dominant 
theories of policy change as incremen-
tal and gradual did not match well the 
historical data on policy trajectories 
(see Robinson, et al., 2007), much as 
Eldredge and Gould realized the same 
for the fossil record in the early 1970s. 
Similar to the evolutionary change of 
species, Baumgartner and Jones (1991) 
found that while the historical trajecto-
ry—or, as it were the evolution—of pol-
icies seemed to change slowly and in-
crementally, if at all, for long periods of 
time, they typically were punctuated by 
rapid and dramatic change in relatively 
brief periods. Hence, punctuated equi-
librium for policy studies was launched. 

In this paper, we probe deeper 
into the theoretical edifice of Baumgart-
ner and Jones’ PE-PS as developed in 
“Agenda Dynamics and Policy Subsys-
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tems” (1991), Agendas and Instability  
in American Politics (1993), Policy Dy-
namics (2002a), and The Politics of 
Attention (2005). Relying on a close 
reading of Gould and Eldredge’s most-
ly theoretical work on punctuated equi-
librium, we first discern the purpose 
and limitations of Gould and Eldredge’s 
punctuated equilibrium for macroevo-
lutionary research and then, by homol-
ogy, understand purpose and limita-
tions of Baumgartner and Jones’ PE-PS 
for policy studies. Is punctuated equi-
librium/PE-PS fundamentally an “ex-
planatory” theory of evolutionary/pol-
icy change, by which we mean a theory 
providing causal relationships driving 
the change of interest? Or is punctuat-
ed equilibrium/PE-PS fundamentally 
an “analytic” theory of evolutionary/
policy change, by which we mean a the-
ory that accounts for the nature of the 
change of interest and describes how it 
factually occurs or has occurred? Based 
entirely on identifying Gould and El-
dredge’s punctuated equilibrium as an 
analytic theory, we correspondingly 
find that PE-PS is fundamentally an 
analytic theory of policy change. This 
finding resonates with Prindle’s posi-
tion that “punctuated equilibrium was 
thus in some sense a mechanical model, 
foreign to any sort of agency” (Prindle, 
2012, p. 37). 

Prindle (2012) also holds that 
“although Jones and Baumgartner have 
explicitly grounded their version of the 
theory in the human struggle, they have 
never frontally addressed the issue of 
how such a model can translate human 
choices into mechanical outcomes with-
out losing the symbolic and emotion-

al processing that it its substance” (p. 
37). Cairney (2012) generally identifies 
the problem of deterministic studies of 
complexity in policy studies commonly 
neglecting agency: “The potential dan-
ger is that if the complex system is pre-
dominantly the causal factor then we 
lose sight of the role that policy makers 
play; there may be a tendency to treat 
the system as a rule-bound structure 
that leaves minimal room for the role of 
agency” (p. 352). The rest of the paper 
addresses that limitation as we next ex-
amine the role of policy entrepreneur-
ship in PE-PS. Baumgartner and Jones 
give a prominent role to policy entre-
preneurship. Building on William Rik-
er’s and John Kingdon’s work on the idea 
of policy entrepreneurship, they depict 
policy entrepreneurs in Agendas and 
Instability in American Politics (p. 42) as 
the manipulators of policy images and 
venues so as “to alter other people's un-
derstandings of the issues in which they 
deal” (p. 42) and subsequently in Policy 
Dynamics (2002a) as “the willingness of 
a political actor to invest resources in a 
given lobbying struggle is likely to be 
related to two things: The probability 
of success (which is related to expect-
ed behaviors of other actors involved), 
and the expected benefits” (MacLeod, 
2002, p. 22). Yet, a careful reading of 
Baumgartner and Jones’ theoretical 
work on PE-PS reveals that policy en-
trepreneurship is not essential to PE-
PS, one of many factors that relate to 
punctuated-equilibrium patterns in the 
historical trajectory of policy areas and 
one that has limited causality in PE-PS. 
Yet, we argue, it need not be so. If we 
reconceptualize policy entrepreneur-
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ship in terms of Joseph Schumpeter’s 
and Israel Kirzner’s classical theories of 
entrepreneurship in economics by car-
rying over to policy entrepreneurship 
the causal function of entrepreneurship 
in the classical theories, then we argue 
that policy entrepreneurship becomes 
not only the key causal agent in PE-PS 
but also its perfect complement. A ro-
bust reconceptualization of policy en-
trepreneurship thus infuses PE-PS with 
agency. 

Explanatory and 
Analytic Theories

In this paper we do not assess the 
value of explanatory or analytic the-
ories relative to each other, nor do 

we imply any sort of evaluation. Rather, 
we maintain that both types of theories 
are equally useful both to each other in 
the study of any given subject and, more 
generally, to scientific inquiry. More-
over, analytic theories can have causal 
implications, even though they empha-
size the nature of change over causality, 
and conversely explanatory theories can 
have analytic implications. The explan-
atory-analytic distinction is meant only 
to identify the primary function of each 
type of theory in scientific discourse. 

For the purposes of this paper, 
we define an explanatory theory as one 
providing causal relationships. Accord-
ing to Little (1991b), an explanatory 
theory consists of two parts, an expla-
nandum or “event or pattern to be ex-
plained” and an explanans or “circum-
stances believed to explain the event” 
(p. 3). Explanatory understanding is 

“imagining a plausible mechanism 
through which the empirical fact to be 
explained is brought about, produced, 
caused” (Parijs, 1981, p. 14). Scriven 
(1975) states the form of a causal claim 
as follows: “Suppose that whenever and 
however we produce C, and that E nev-
er occurs unless C is produced ... , then 
C is the cause of C” (p. 44). (See also 
Mackie, 1975.) With the causal claim 
that defines an explanatory theory:

... the social scientist or historian 
seeks to identify some of the con-
ditions that produced the expla-
nandum or that conferred upon 
it some of its distinctive features. 
The goal is to discover the condi-
tions existing prior to the event 
that, given the law-governed reg-
ularities among phenomena of 
this sort, were sufficient to pro-
duce this event. (Little, 1991a, p. 
15).

Analytic theories, then, are those 
theories that do not assert causal rela-
tionships, though they may secondarily 
have causal implications. With an ana-
lytic theory, “... the investigator is pri-
marily concerned with determining an 
answer to a factual question, one which 
can only be answered on the basis of 
extensive analysis and factual inquiry” 
(Little, 1991b, p. 9).

Gould and Eldredge’s Original 
Punctuated Equilibrium Theory 

In a single sentence, Gould and El-
dredge’s punctuated equilibrium 
“addresses the origin and deploy-

ment of species in geological time” 
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(Gould, 2007, p. 39).3 Punctuated equi-
librium accounts for “what every bi-
ologist knows” about the fossil record 
but until Gould and Eldredge’s theo-
ry could not adequately comprehend: 
“the great majority of species appear 
with geological abruptness in the fossil 
record and then persist in stasis until 
their extinction” (Gould, 2007). Three 
components thus comprise Gould and 
Eldredge’s punctuated equilibrium 
(Gould, 2007): 

•	 Stasis, which is “not ‘rock stability 
or utter invariance” (p. 40) but rath-
er “effectively, no change accumu-
lates at all” (p. 41);

•	 Punctuation, which must ... be de-
fined relative to the subsequent du-
ration of the derived species in sta-
sis” (p. 42); and

•	 Relative frequency: “As the most im-
portant ground rule, the theory of 
punctuated equilibrium makes a 
claim about dominating pattern, or 
relative frequency, not just an asser-
tion for the existence of a phenom-
enon” (p. 48). 

Punctuated equilibrium thus describes 
a “distinctive style of change” domi-
nating the fossil record in which there 
is a “concentration in discrete periods 
of extremely short duration relative 
to prolonged stasis as the normal and 
actively maintained state of systems” 
(Gould, 2007). 

There is a distinct descriptive em-
phasis in Gould and Eldredge’s punc-

3 A note on terminology: Gould (2007) prefers “punctuated equilibrium” for use in the field mac-
roevolutionary theory at the level of speciation and “punctional change” or “functionalism” for all 
other macroevolutionary levels as well as for generality.

tuated equilibrium that is the defining 
functional characteristic of analytic 
theories. Since its inception, punctuat-
ed equilibrium has generated contro-
versy, as all truly good theories advanc-
ing our knowledge of any discipline 
necessarily must. The written record of 
Gould and Eldredge’s responses provide 
copious evidence of their intentions for 
punctuated equilibrium. For example, 
in 1982, a decade after they introduced 
the theory, Gould declared, “’Punctuat-
ed equilibrium is not a theory of mac-
romutation ... it is not a theory of any 
genetic process .... It is a theory about 
larger-scale patterns—the geometry of 
speciation in geological time” (Gould, 
2007). Similar expressions appear again 
and again in Gould’s final and the most 
comprehensive statement on the theo-
ry in Punctuated Equilibrium (2007). 
Punctuated equilibrium is ... 

•	 “... a fair description of an evolu-
tionary reality…” (p. 3).

•	  “... a claim about dominating pat-
tern…” (p. 48).

•	 “... a macroevolutionary pattern in 
geological time” (p. 48).

•	 “... a particular theory about a defi-
nite level of organization at a spec-
ified scale of time: the origin and 
deployment of species in geological 
perspective” (p. 90).

•	 “... a major cause of evolutionary 
pattern” (p. 131).
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•	 “... a primary generator of pattern in 
the history of life” (p. 148).

•	 “... a distinctive style of change” (p. 
229).

•	 “... a theory about the characteristic 
rate of ... branching [as the primary 
mode of evolution]” (p. 308).

This repeated descriptive emphasis 
indicates that Gould and Eldredge in-
tended that punctuated equilibrium be 
an analytic theory.

As Gould and Eldredge intend 
that punctuated equilibrium be an ana-
lytic theory of evolutionary change, they 
also intend that it is not an explanatory 
one attempting to establish any causal 
mechanism of evolution. In their book 
chapter entitled “Punctuated Equilibria: 
An Alternative to Phyletic Gradualism” 
(1972) that launched the punctuated 
equilibrium revolution in academia, El-
dredge and Gould reveal the essence of 
punctuated equilibrium as a theory that 
more accurately describes how species 
evolve rather than primarily asserting 
the causal mechanisms of evolution. 
“The history of life is more adequately 
represented by a picture of ‘punctuated 
equilibria’ than by the notion of phylet-
ic gradualism. The history of evolution 
is not one of stately unfolding, but a sto-
ry of homeostatic equilibria, disturbed 
only ‘rarely’ (i.e., rather often in the 
fullness of time) by rapid and episodic 
events of speciation” (p. 84). Thus, in 
Gould and Eldredge’s original formula-
tion, punctuated equilibrium is meant 

4 Since their 1972 book chapter, Gould seemed to have taken the theoretical lead in developing punc-
tuated equilibrium theory until his passing in 2002. Therefore, we place Gould before Eldredge in 
referencing their work on punctuated equilibrium theory. 

to “more adequately represent” the his-
tory of life, not to more adequately ex-
plain it. As Gould and Eldredge contin-
ued to develop punctuated equilibrium 
in the decades since,4 they have more 
clearly delineated its descriptive nature. 
For example, according to Gould (1992, 
p. 57), punctuated equilibrium nar-
rowly operationalized for paleontology 
consists of three insights: 

1. A well-defined, testable theory 
about the origin of species and their 
geological deployment.

2. A theory based on the recognition  
that events judged as glacially slow  
in ecological time. might appear  
instantaneous in geological resolu- 
tion.

3. An idea resolvable within the rubric 
of known mechanisms and causes ... ,  
not a proposal about new kinds of 
genetic changes.

The last insight of “within the rubric 
of known mechanisms and causes” is 
particularly instructive. “Punctuated 
equilibrium makes its major contribu-
tion to evolutionary theory, not by re-
vising microevolutionary mechanics,” 
Gould (2007) writes, “but by individu-
ating species (and thereby establishing 
the basis for an independent theoretical 
domain of microevolution” (p. 54). 

In fact, Gould (2007) insists that 
punctuation equilibrium “asserts no 
novel claim about modes or mecha-
nisms of speciation” (p. 54). Rather, its 
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novelty is providing a better account of 
the cardinal and salient fact of the fossil 
record that “every biologist knows” but 
until the advent of punctuated equilibri-
um could not adequately comprehend. 
Thus, Gould and Eldredge’s punctuated 
equilibrium does not explain evolution; 
rather, it gives an analytically descrip-
tive account of it. Punctuated equilib-
rium does not provide explanation of 
why species evolve; rather, it provides a 
description of how they evolve. There-
fore, we contend that punctuated equi-
librium is an analytic theory. 

Baumgartner and Jones’ 
Punctuated Equilibrium 
Theory for Policy Studies

Gould and Eldredge recognized 
the descriptive power of PE-
PS. Gould, for example, in 

The Structure of Evolutionary Theory 
(2002) openly welcomes the adapta-
tion of punctuated equilibrium in oth-
er disciplines as the theory seems to be 
“transcending metaphor and discover-
ing causally meaningful connections 
among punctuational phenol-types of 
change across levels and disciplines” 
(Gould, 2002, p. 958). Gould, who him-
self was one of the great scientific pop-
ularizers of the last several decades, in-
dulged in a bold opinion on punctuated 
equilibrium’s generalizability beyond 
microevolutionary research:

“I also think that an explicit ap-
plication of punctuational mod-
els to many aspects of change in 
human institutions and technol-
ogies might improve our grasp 

and handling of the social and 
political systems that surround 
and include us (Gould, 2002, p. 
958).”

Indeed, Gould (2007) observes else-
where, 

... this range of success [in ap-
plying punctuational models] 
suggests that the apparent ubiq-
uity of punctuational patterns 
at substantial, if not dominant, 
relative frequencies may be tell-
ing us something about general 
properties of change itself, and 
about the nature of systems built 
of interacting components that 
propagate themselves through 
history” (p. 233). 

Other scholars have found punc-
tuated equilibrium appealing. Tushman 
and Romanelli (1985), for example, 
articulated a punctuated equilibrium 
model of organizational evolution: “Or-
ganizations progress through conver-
gent periods punctuated by reorienta-
tions which demark and set bearings 
for the next convergent period” (p. 173). 
As another example, Gersick (1991) 
conceived of a punctuated equilibrium 
“paradigm” in the social sciences as in 
every social scientific discipline there 
seem to be phenomena that follow the 
pattern of “relatively long periods of 
stability (equilibrium), punctuated by 
compact patterns of qualitative, met-
amorphic change (revolution).” She 
continues, “In every model [of the par-
adigm], the interrelationship of these 
two modes is explained through the 
construct of a highly durable underly-
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ing order or deep structure” (p. 12). In 
my opinion as a scholar of policy stud-
ies, however, the most important and 
influential adaptation of Gould and 
Eldredge’s concept of punctuated equi-
librium is Baumgartner and Jones’ for 
policy studies. 

Baumgartner and Jones’ punctu-
ated equilibrium for policy studies (PE-
PS) is a theory of policy change. Just as 
in Gould and Eldredge’s original for-
mulation, PE-PS refers to long periods 
of stability in a policy domain with only 
incremental change (i.e., equilibrium) 
interrupted by short periods of rapid 
change (i.e., punctuation), a diachron-
ic movement that often takes the form 
of a logistic, “S”-shaped curve. They 
hypothesize that, on a structural level, 
the logistic curve correlates with poli-
cy change in that greatest policy change 
(in terms of both volume of total change 
and potential magnitude of individual 
policy changes) occurs in disequilib-
rium. “Most issue change,” Baumgart-
ner and Jones (1993) write, “occurs 
during periods of heightened general 
attention” (p. 20). In order to histori-
cally analyze the relationship between 
punctuated equilibria in political envi-
ronments and change in specific policy 
domains, Baumgartner and Jones prof-
fer the analysis of five data sets: (1) con-
gressional hearings data; (2) articles in 
the Congressional Quarterly Almanac; 
(3) Public Law records; (4) an archive of 
articles in The New York Times; and (5) 
federal budget data from the Office of 
Management and Budget (Baumgartner 

5 Baumgartner and Jones store these five data sets for a comprehensive list of policy domains on their 
Policy Agendas Project website (www.policyagendas.org).

et al, 2002).5 Baumgartner and Jones 
also recognize that these five data sets 
might not be sufficient for all research 
projects utilizing PE-PS, in which case, 
they “suggest three strategies: creating 
one’s own customized set of subtopics; 
supplementing our data with further 
analysis; and searching and recording 
our data based on the textual summa-
ries” (Baumgartner et al., 2002, p. 38). 
In PE-PS terms, changes in any of these 
data sets with respect to a specific poli-
cy domain potentially indicate punctu-
ated equilibrium in the political envi-
ronment (i.e., the data reveals a logistic 
curve) as well as signal a high incidence 
of policy change during the punctua-
tion. As Gould and Eldredge argue for  
the relative frequency of a dominat-
ing punctuational pattern in evolu-
tion, Baumgartner and Jones argue for 
the relative frequency of a dominating 
punctuational pattern in American 
politics and beyond. And, both sets of 
punctuated-equilibrium scholars have 
been vindicated empirically. Therefore, 
exactly like Gould and Eldredge’s punc-
tuated equilibrium, Baumgartner and 
Jones’ PE-PS is an analytic theory that 
does not provide explanation of why 
species policies change; rather, it pro-
vides a description of how they change. 

 PE-PS-based research implies 
small-N case and comparative analyses.  
“No one simple causal theory can ex-
plain policy change across all areas,” 
Jones and Baumgartner (2005) write. 
“This difficulty in generalization is one 
reason that policy studies has relied so 

http://www.policyagendas.org
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heavily on case analysis” (p. 91). Yin 
(2003) observes that case studies are 
justifiable when the case is extreme or 
unique (pp. 39-46). In PE-PS-based re-
search, each “policy domain” (May, Sa-
potichne, & Workman, 2006) either has 
a unique history surrounding a punctu-
ated equilibrium pattern in its political 
environment and unique justifications 
for any sort of change in policy or its 
trajectory correlated with allied policy 
domains. For example, if the number 
of congressional hearings on feder-
al health policy remains at a constant 
average rate of two per year over three 
decades and if the annual appropriation 
of all health-related programs has in-
creased steadily and incrementally over 
the same time period, then, according 
to PE-PS, it can be said that the political 
environment of federal health policy was 
in equilibrium over those two decades 
of policy stability. If suddenly the num-
ber of congressional hearings on federal 
health policy increases dramatically, is 
erratic for a few years, or the appropri-
ations for health-related programs are 
drastically cut or generously increased, 
then, according to PE-PS, federal health 
policy is undergoing a punctuation of 
rapid and large policy change. Accord-
ing to PE-PS, once some sort of consis-
tency returns for a few years in a policy 
domain, a new equilibrium has been 
established and a fresh period of policy 
stability has returned. 

The unique histories of each 
policy domain or sets of allied policy 
domains have their own threshold for 
determination of equilibria and punc-
tuation and can only be determined 
by examining longitudinally its unique 

policy trajectory. Thus, if it occurs, the 
logistic curve of equilibria and punc-
tuations in federal health policy will 
differ from that of local government 
budget expenditures (Jordan, 2003), 
science and technology policy (Feeley, 
2002), telecommunications policy (Ma-
cLeod, 2002). PE-PS accommodates the 
uniqueness of different policy domains’ 
histories while facilitating their gener-
alizability (Bailey, 1992) by furnishing 
a common conceptual language with 
which to monitor the stability of their 
different political environments. For 
the purposes of this discussion, the 
most important element is that all poli-
cy histories utilizing PE-PS look for the 
tell-tale pattern of long periods of sta-
bility and at most incremental change 
punctuated by short periods of dra-
matic policy change. They are analyti-
cally describing how a policy domain 
has evolved, not explaining why it has 
evolved.

 A “mini-symposium” on PE-
PS and tobacco policy appeared in a 
2006 issue of The Policy Studies Jour-
nal (volume 34, number 3) that illus-
trates the descriptive nature of PE-PS. 
At the risk of grossly oversimplify-
ing the mini-symposium, we read the 
mini-symposium to be centered around 
the fitness of PE-PS to describe the evo-
lution of tobacco policy since WWII 
with particular emphasis on the 1990s 
and the Master Settlement Agreement 
(MSA) between 46 Attorneys General 
(representing 46 states) and the tobacco 
industry signed in 1998. The first arti-
cle, “Punctuated Equilibrium in Limbo: 
The Tobacco Lobby and U.S. State Pol-
icymaking from 1990 to 2003,” exam-
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ines “whether tobacco policymaking 
trends in all 50 states from 1990 to 2003 
correspond to ideas espoused in the 
punctuated equilibrium theory” (Givel, 
2006). The evidence shows that “from 
1990 to 2003, including in 1999 when 
payments to the states began from the 
historically significant state Master Set-
tlement Agreement (MSA) ... that key 
policy outputs primarily favored the 
tobacco industry” (Givel, 2006, p. 411). 
Givel (2006) concludes, “... despite the 
symbolic appearance of punctuation in 
the policy system, the tobacco industry 
was able to use its political resources to 
counter the health advocates’ mobiliza-
tion, adverse public opinion regarding 
tobacco use, litigation, and even a rise 
in new state tobacco control legislation” 
(p. 415). In short, the MSA did not rep-
resent a true punctuation and thus the 
PE-PS pattern of long periods of policy 
stability and punctuated by short, in-
tense periods of policy instability does 
not describe recent tobacco policy.

The second and third articles of 
the mini-symposium challenge Givel’s 
conclusion of the inaccuracy of PE-PS 
to describe recent tobacco policy. In 
“Tobacco's Tipping Point: The Master 
Settlement Agreement as a Focusing 
Event,” Robert Wood finds that the 
MSA did indeed represent a punctua-
tion (Wood, 2006). Since the MSA fo-
cused substantial attention on the topic 
of tobacco regulation, produced major 
policy change, and shifted the policy 
image of the domain, it was either not 
a typical focusing event or a different 
kind of focusing event, it was a “tipping 
event” that indicates a punctuation in 
the policy domain. The case of the MSA 

shows increasing congressional atten-
tion coupled with decreasing jurisdic-
tional clarity (Wood, 2006, p. 426), 
which is indicative of punctuations and 
thus points to the accuracy of PE-PS for 
understanding recent tobacco policy. 
“In approving the MSA,” Wood (2006) 
writes:

“The state governments of the 
United States ushered in a new 
area of regulation for both man-
ufacturers and consumers of to-
bacco products .... The MSA rep-
resents genuine policy change 
and will have lasting institutional 
impacts in the manufacture, sale, 
advertising, and consumption of 
these products in all 50 states” (p. 
431). 

Although he does seem to impute some 
causality in PE-PS, Wood (2006) is pri-
marily using PE-PS to describe the evo-
lution of tobacco policy, not to explain 
it, precisely as Gould and Eldredge in-
tended for the theory to be used. 

In the mini-symposium’s third 
article entitled “Up in Smoke: Mapping 
Subsystem Dynamics in Tobacco Poli-
cy”, Worsham employs PE-PS—or as he 
wonderfully puts it, this “volcanic vision 
of the polity”—to argue for its appro-
priateness in describing the evolution 
of tobacco policy (Worsham, 2006). To 
understand policy change in tobacco, 
Worsham argues, one must use a lon-
ger time horizon than Givel did above 
(1990-2003). Examining tobacco policy 
from 1945 to 2004, Worsham finds that 
tobacco policy has been under stress 
since Surgeon General’s report in 1964 
as its policy subsystem transmogrified 
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from the dominant scenario of a poli-
cy monopoly to a highly competitive, 
“transitory” one of many intersecting 
and conflicting interests that belie “a 
loosening of subsystem control over the 
dominant image underlying the policy 
equilibrium” (p. 442). “Quite simply,” 
he writes, “as more venues became in-
volved, the discussion shifted from the 
promotion of tobacco to a focus on to-
bacco as a health hazard” (p. 442), which 
facilitated the punctuation of the MSA 
in 1998. Once again, however, Worsh-
am is using PE-PS to analyze the histo-
ry of tobacco policy, not to explain it. 
“Clearly,” he concludes, “the Global To-
bacco Settlement [MSA] represents the 
transformation of the image of tobacco 
from just another industry, to a health 
hazard. Quite simply, the dominant im-
age associated with tobacco is one that 
is now clearly tied to disease” (p. 450). 
Tobacco policy thus displays the PE-PS 
pattern of a long period of policy sta-
bility (i.e., dominant scenario through 
early competitive scenario) punctuated 
by the intense period of the dramat-
ic policy change (i.e., late competitive 
scenario thorough transitory scenario) 
embodied in the MSA in 1998. 

The classification of PE-PS as 
an analytic theory, however, does not 
mean that it has no causal implica-
tions. On the contrary, Baumgartner 
and Jones have built in to PE-PS a great 
deal of causal implication and causality 
for PE-PS, much of which is detailed 
in Baumgartner and Jones (2002b). 
In this book chapter they link nega-
tive feedback—or diminishing returns 
to scale—and positive feedback—or 
increasing returns to scale—to PE-

PS. Negative feedback predominates 
during the long periods of stability as 
it enforces at most only incremental 
change and positive feedback during 
the punctuations as it allows for radi-
cal change. Positive feedback effects al-
low for radical change when “a policy 
monopoly begins to lose its supporting 
policy image” and new actors gain ac-
cess and open new institutional ven-
ues. “These [positive-feedback] models 
are characterized by self-reinforcing 
processes in which change in one case 
makes change in the next case more 
likely” ( Baumgartner & Jones, 2002b, 
p. 7). Momentum, bandwagon effects, 
thresholds, cascades, cue-taking, mim-
icking, serial shift, and attention-shift-
ing are all mechanisms behind punc-
tuations, according to Baumgartner 
and Jones (2002b). None of these mech-
anisms, however, are true explanatory 
theories that relate to the substance of 
actual policy, which we hold should be 
the core of a theory of policy change. 
They are all structural mechanisms 
that underlie first and foremost the rel-
ative frequency of dominating pattern 
of how policy change is occurring, not 
why. 

“The driver of the model [i.e., 
PE-PS] was attention” (p. 19), Jones 
and Baumgartner (2005) declare. Jones 
and Baumgartner’s The Politics of At-
tention (2005) provides a causal model 
for PE-PS for punctuations in attention 
or “policy effort,” but again not of sub-
stantive policy change. They a “general 
punctuation thesis”: “As all government 
institutions impose costs, we expect all 
outputs form them to show positive 
kurtosis (Jones & Baumgartner, 2005, 



Journal on Policy and Complex Systems 

40

p. 170). An example is evident in wel-
fare policy (Jones & Baumgarter, 2005, 
pp. 222-225): “The irony of welfare pol-
icy is that major welfare initiatives were 
declining in intensity, and interest by 
government officials declines when the 
problem stopped getting better and ac-
tually worsened. All of this happened 
without the deep concerns of the mass 
public that characterized economic and 
crime policies” (p. 224). The implica-
tion here is that policy change is occur-
ring not because of any objective policy 
demands or needs; rather, the policy 
area is simply getting a lot of attention. 
Issue-attention drives the relative fre-
quency of change, not anything related 
to the specific policy domain. As Jones 
and Baumgartner (2005) say, “An alter-
ation in the commitment of a govern-
ment to an objective” (p. 117). What 
about substantive changes in policy 
goals, instruments, etc.? A true causal 
theory of policy change must direct link 
policy change to objective policy de-
mands and needs, not simply outcomes. 

The crucial point, however, is 
that the causality that Baumgartner and 
Jones have built in PE-PS stop short of 
explaining why policies change objec-
tively. The causality does not transcend 
the underlying deep analytic structure 
of punctuated equilibrium. we main-
tain that the causality and causal im-
plication comprise an adventitious and 
separate set of sub-theories that are not 
essential to PE-PS providing an analytic 
framework for the relative frequency of 
how policies change. As Baumgartner 
and Jones (1993) reveal in Chapter 1 
of Agendas and Instability in American 
Politics, “We ... focus here not on the 

reasons for these changes but on their 
consequences” (p. 12).

Policy Entrepreneurship and 
Punctuated Equilibrium Theory

It is very important to note that 
each of the three articles of the 
mini-symposium do offer explana-

tions for policy change or its lack there-
of. Givel (2006) explains the lack of true 
punctuation in the MSA because of 
the continued power of tobacco lobby. 
Wood (2006) argues that punctuation 
did occur because of the occurrence of 
a tipping event. And Worsham (2006) 
argues that the changing tobacco policy 
subsystem facilitated the punctuation 
embodied in the MSA. Neither article, 
however, utilizes PE-PS as a basis for 
explanation. Rather, the authors men-
tion more or less “ad-hoc” explanations 
appended to PE-PS. As an alternative, 
we suggest that one can integrate into 
PE-PS the concept of policy entrepre-
neurship reconceptualized according 
to the classical economic theories of 
entrepreneurship of Joseph Schumpet-
er and Israel Kirzner (Sheingate, 2003; 
Shockley, 2008). We argue that policy 
entrepreneurship reconceptualized and 
integrated into PE-PS gives the the-
ory explanatory power. As Sheingate 
(2003) observes, “One must endeavor 
to find evidence that can help adjudi-
cate between mechanisms of change 
rather than outcomes, between an en-
dogenous process of entrepreneurship, 
an exogenous crisis or critical juncture, 
and a self-reinforcing sequence along a 
particular path” (p. 201).
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Policy Entrepreneurship in 
Baumgartner and Jones’ PE-PS 

Baumgartner and Jones seemingly ac-
cord the concept of policy entrepre-
neurship a vital function in PE-PS for 
policy studies as they build on the work 
of William Riker and John Kingdon. 
They first find the policy entrepreneur 
in Riker’s Liberalism against Populism 
(1982; also see Riker, 1986). “In such 
a situation, strategic entrepreneurs 
can manipulate the voting situation to 
achieve their objectives, even if they 
cannot change the preferences of those 
making the decision. Most importantly, 
any time political actors can introduc-
er new dimensions of conflict, they can 
destabilize a previously stable situa-
tion” (Baumgartner & Jones, 1993, pp. 
13-14). Then, in Agendas, Alternatives, 
and Public Policies (1995), Baumgart-
ner and Jones identify Kingdon's policy 
entrepreneurship as “artful connection 
of solutions to problems”: “The trick for 
the policy entrepreneur is to ensure that 
the solution he or she favors is adopt-
ed once a given problem has emerged 
on the national agenda” (Baumgartner 
& Jones, 1993, p. 29). Based on Riker’s 
and Kingdon’s work, Baumgartner and 
Jones early conception of policy entre-
preneurship in Agendas and Instability 
in American Politics (1993) is one who 
is “attempting to alter other people's 
understandings of the issues in which 
they deal” (p. 42), which is a fairly pas-
sive and incidental conception of policy 
entrepreneurship, at least relative to the 
conception of the entrepreneur in the 
economics literature. 

In their later edited volume Poli-
cy Dynamics (2002a), Baumgartner and 
Jones add some robustness to their con-
ception of policy entrepreneurship. Pol-
icy entrepreneurship, they write, is “the 
willingness of a political actor to invest 
resources in a given lobbying struggle 
is likely to be related to two things: The 
probability of success (which is related 
to expected behaviors of other actors 
involved), and the expected benefits” 
(Baumgartner & Jones, 2002b, p. 22). 
Two other contributors to the edited 
volume provide similar conceptions: 

•	 (Feeley, 2002, p. 126): “A success-
ful policy entrepreneur is able to 
correctly assess which goals will be 
most attractive to the constituency 
groups she is targeting and will ad-
just her tactics accordingly to maxi-
mize her chances for success.” 

•	 (MacLeod, 2002, pp. 58-59): “Policy 
entrepreneurs are strategic actors 
that do not want to waste their time 
on challenges that will be ignored 
(see especially Kingdon, 1995, chap. 
8, on this point) .... Decisions by 
groups or members of government 
institutions to challenge the status 
quo can be thought of as a function 
of preferences and expectations of 
success:

“Probability (decision to chal-
lenge the status quo) = (actor 
preference) * (perception of 
chances of success) + e” 

The problem is that Riker’s and King-
don’s (and, derivatively, Baumgartner 
and Jones’) conceptions of policy en-
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trepreneurship provide no causal force. 
Policy entrepreneurship, however, re-
conceptualized in the Schumpeterian 
and Kirznerian tradition adds causality 
in its function. 

Classic Entrepreneurship Theory in 
Economics: Kirzner and Schumpeter

Entrepreneurship plays a causal func-
tion the economy, according to both 
Israel Kirzner and Joseph Schumpeter, 
who might be called the classical theo-
rists of entrepreneurship in economics. 
In Kirznerian entrepreneurship, the 
primary effect of entrepreneurship is 
“equilibration,” that is, the movement of 
a market toward an equilibrium state. 
“For me,” Kirzner (1973) writes, “the 
changes the entrepreneur initiates are 
always toward the hypothetical state of 
equilibrium ...” (p. 73). Entrepreneur-
ship and equilibration are central to 
the market process because they facil-
itate profit opportunities. According to 
Kirzner (1973), entrepreneurial oppor-
tunities for profit occur only in disequi-
librium resulting from human error,6 
usually taking the form of arbitrage 
opportunities arising from price dis-
crepancies (p. 26). In economics terms, 
the market is in a state of disequilibri-
um because a given product or service 
can be purchased in one place cheaper 
than it can be sold in another. When 
the entrepreneur’s alertness identifies 
the potentially profitable arbitrage op-
portunity in disequilibrium and acts 
entrepreneurially by buying cheap and 

6 In this study, I interpret “human error” to be synonymous with the suboptimal decisions and 
actions resulting from bounded rationality (see Simon, 1945/1976, 1982), imperfect informa-
tion (e.g., Hayek, 1945), incomplete knowledge (e.g., Hayek, 1952), and other human limita-
tions. 

selling dear, the equilibration process 
is triggered (Kirzner, 1979, p. 116). 
Once the entrepreneurial transaction 
has been consummated, the entrepre-
neurial opportunity disappears while 
the disequilibrium begins to lessen as 
the system moves toward equilibrium. 
“The dynamic competitive process of 
entrepreneurial discovery ...,” Kirzner 
(1997) writes, “is one which is seen as 
tending systematically toward ... the 
path to equilibrium” (p. 62, emphasis 
in original). Thus, the major effect of 
Kirznerian entrepreneurship is to move 
the market toward equilibrium.  

Like Kirznerian entrepreneur-
ship, Schumpeterian entrepreneur-
ship also produces important effects 
in a market economy. In fact, Schum-
peter places the effects of entrepre-
neurship at the center of his theory of 
economic change and development. 
“Development,” Schumpeter argues in 
The Theory of Economic Development 
(1934/2002), “is spontaneous and dis-
continuous change in the channels of 
flow, disturbance of equilibrium, which 
forever alters and displaces the equilib-
rium state previously existing” (p. 64). 
In other words, entrepreneurship in the 
form of the “carrying out of new combi-
nations” is the main cause of economic 
development. In Schumpeterian entre-
preneurship, “introducing a new good 
or method of production, opening of a 
new market, identifying a new source of 
supply of raw materials or half-manu-
factured goods, or carrying out of the 
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new organization of any industry” (p. 
66) all individually or in combination 
have the potential to cause “sponta-
neous and discontinuous change” in an 
economy and spur economic develop-
ment. (Also see Schumpeter, 1926/2003; 
Sweezy, 1943.) “By introducing inno-
vations,” McKee (1991) observes, “the 
[Schumpeterian] entrepreneurs jump-
start the system from the range of equi-
librium .... The overall impact regener-
ates the system, causing it to expand” 
(p. 8).7 Thus, as in Kirzner’s theory, 
Schumpeter’s theory of entrepreneur-
ship is a functional one that emphasizes 
the effects of entrepreneurship, namely, 
to drive positive economic growth and 
development. Therefore, a theory of en-
trepreneurship in public affairs is that, 
like Schumpeterian and Kirznerian en-
trepreneurship, it includes the larger, 
systemic effects of entrepreneurship. 
Schumpeterian and Kirznerian entre-
preneurship thus includes the agency of 
the entrepreneur. 

Both Kirzner’s and Schumpeter’s 
theories of entrepreneurship can be un-
derstood as causal, functional theories of 
how entrepreneurship produces equili-
brative effects in the market (Kirzner) 
or economic growth and development 
(Schumpeter). Schumpeter clearly dis-
tinguishes between entrepreneurship 
and entrepreneurs when he defines en-
terprise, or entrepreneurial activity, as 
“the carrying out of new combinations” 
and entrepreneurs as “the individuals 
whose function it is to carry them out” 
(Schumpeter, 1934/2002, p. 74). Sim-

7 Similarly, Schumpeter in Capitalism, Socialism, and Democracy (1950) contends that political 
entrepreneurs spark revolutionary change, much like technological innovation “reform[s] or 
revolutionize[s] the pattern of production by exploiting an invention” (Albrecht, 2002, p. 651). 

ilarly, Kirzner is not concerned with 
the identification of individual entre-
preneurs. Of primary importance are 
the effects of entrepreneurship. Like 
Schumpeter, Kirzner places entrepre-
neurship and its effects as the corner-
stones in explaining the market process. 
“The market process ...,” Kirzner (1992) 
writes, “consists of those changes that 
express the sequence of discoveries that 
follow the initial ignorance that consti-
tuted the disequilibrium state” (p. 44). 
In other words, according to Kirzner, 
entrepreneurship—not the individual 
entrepreneur—plays the vital function 
in the market. As Vaughn (1994) puts 
it, “Kirzner is clear that he is describing 
a function rather than a kind of person, 
just as labor and capital are themselves 
functions in economic theory” (p. 142). 
Or, as Gloria Palermo (2002) puts it, 
“Kirzner’s theory of entrepreneurship 
focuses on the equilibrium function of 
the entrepreneur” (p. 36, emphasis add-
ed). Once again, Schumpeterian and 
Kirznerian entrepreneurship thus in-
cludes the agency of the entrepreneur. 

Conclusion

The reincorporation of a more ro-
bust conception of policy entre-
preneurship (in Schumpeterian 

and Kirznerian terms) might address 
the limitation of PE-PS. Cairney (2012) 
believes “... there is scope to explore 
interpretive accounts of complexity if 
our aim is to understand how agents 
interpret, adapt to and influence their 
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decision-making environment” (Cair-
ney, 2012, p. 353). Policy entrepreneur-
ship might achieve just that. Prindle 
(2012) exhorts that “there needs to be 
more theoretical attention given to the 
process of integrating mechanical con-
cepts, metaphors, and analogies with 
the outcomes of meaning and choice 
that is subject is the subject of the [PE-
PS] project” (p. 37). Our emphasis on 
policy entrepreneurship is an attempt to 
do just that. Policy entrepreneurship re-
conceptualized in terms of Schumpeter 
and Kirzner becomes a functional theo-
ry with causal force. Integrated with PE-
PS, policy entrepreneurship becomes 
either the cause of punctuations, which 
is a Schumpeterian reconceptualization 
of policy entrepreneurship, or it is the 
stabilizing force that ends the punctu-

ation, which is a Kirznerian reconcep-
tualization of policy entrepreneurship. 
Gould (2002) writes, “The punctuation-
al component, operationally measured 
by its short duration elative to periods 
of stasis within definitive structures of 
the same scale, would then achieve ho-
mological generality as the observe to 
proposed reasons for stasis: the reinter-
pretation of change—at least in its usual, 
if not canonical, expression—as a rare 
and rapid event experienced by systems 
only when their previous stabilities 
have been stretched beyond any capaci-
ty for equilibrial return, and when they 
must undertake a rapid excursion to a 
new position of stability under changed 
conditions” (p. 929). Policy entrepre-
neurship might thus serve as the agent 
of policy stability.
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Abstract

This interdisciplinary work examines the complex process of ne-
gotiating labor relations in general and in the specific context of 
France. Drawing on social identity theory, we use a dynamic, multi-
plex network model to capture interactions between several groups 
of labor relations actors. At one multiplex level, union members 
interact with each other and with their representatives; at a second 
level, management negotiators interact with union negotiators. 
Government regulations and internal organizational factors form 
the negotiations context, which can affect the negotiation process 
and outcomes. We map multiple interactions in time under differ-
ent contextual conditions—scenarios—enabling parties to explore 
various strategies and their expected results, and to develop ways 
to attain or avoid them.

To illustrate the model’s potential, we focus here on a Major Euro-
pean Industrial company (MEI) active in four European countries 
(France, Great Britain, Germany, and Spain). We collect MEI-spe-
cific labor relations data through participatory observation and 
interviews at the French site. We estimate MEI-specific model pa-
rameters and generate scenarios of conflict trajectories and out-
comes for this case under several contextual assumptions. 
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tion; group decisions & collective behaviors
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Negociaciones de gestión laboral multigrupo:  
modelo y estudio de caso  

Resumen

Este trabajo interdisciplinario examina el complejo proceso de ne-
gociación de las relaciones laborales en general, y en el contexto es-
pecífico de Francia. Basándonos en la teoría de la identidad social, 
utilizamos un modelo de red dinámico y multiplex para capturar 
interacciones entre varios grupos de actores de relaciones labora-
les. En un nivel múltiple, los miembros del sindicato interactúan 
entre sí y con sus representantes; en un segundo nivel, los negocia-
dores gerenciales interactúan con los negociadores sindicales. Las 
regulaciones gubernamentales y los factores organizativos internos 
forman el contexto de las negociaciones, que pueden afectar el pro-
ceso de negociación y los resultados. Mapeamos las múltiples in-
teracciones en el tiempo bajo diferentes condiciones contextuales 
(escenarios) que permiten a las partes explorar diversas estrategias 
y sus resultados esperados, y desarrollar formas de alcanzarlas o 
evitarlas.

Para ilustrar el potencial del modelo, nos centramos aquí en una 
importante empresa industrial europea (MEI) activa en cuatro paí-
ses europeos (Francia, Gran Bretaña, Alemania y España). Reco-
pilamos datos de relaciones laborales específicos de MEI a través 
de observación participativa y entrevistas en el sitio francés. Es-
timamos parámetros del modelo específicos de MEI y generamos 
escenarios de trayectorias de conflicto y resultados para este caso 
bajo varios supuestos contextuales.

Palabras clave: modelo dinámico de red de negociaciones; Rela-
ciones laborales francesas; escenarios anticipatorios; resolución de 
conflictos y cooperación; decisiones grupales y comportamientos 
colectivos

多集团劳动管理协商：模型与案例研究

摘要

本篇跨学科研究检验了一般的协商劳动关系的复杂过程，并
具体以法国为背景进行了检验。基于社会认同理论，我们使



Multi-Group Labor-Management Negotiations: Model and Case Study

53

用一项动态的、多元的网络模型获取几组劳动关系行动者之
间的相互影响。在一个层面上，工会成员之间以及与各自代
表之间存在互动；在第二层面上，管理层协商者与工会协商
者产生互动。政府监管与内部组织因素共同形成协商背景，
它能影响协商过程与结果。我们按时间顺序将不同背景条
件、场景和助力党派下发生的多个互动进行描绘，以探究不
同协商策略及其所期望的结果，并发展出获得或避免这些结
果的方法。

为阐述该模型的潜能，我们在此聚焦于活跃于四个欧洲国
家（法国、英国、德国、西班牙）的“主要欧洲产业公司”
（MEI）。通过参与式观察及在法国进行的面谈，我们收集
了特定的MEI劳动关系数据。我们在几个背景假设下为该案
例预测了特定的

关键字：动态网络谈判模型；法国劳资关系；预期情景；解
决冲突与合作；集体决策与集体行为

Labor-Management Relations

We study the dynamics in 
time of labor-management 
(LM) negotiations, which 

unfold in complex situations typically 
considered mixed-motive (Bazerman et 
al, 1988; Gillespie et al., 2000; McKersie 
& Cutcher-Gershenfeld, 2009; Schei et 
al., 2011; Weingart et al., 2007). Labor 
and management share the objectives of 
their organization’s survival and pros-
perity; however, they also have some 
mutually conflicting objectives. Thus, 
stakeholders are interdependent: they 
can benefit both each other and their 
organization and inflict mutual loss-
es (Greenhalgh, 1987; Walton, Cutch-
er-Gershenfeld, & McKersie, 2000). 
The complexity of LM relations makes 
it difficult for parties and observers to 
confidently link causes to their effects 

or to predict consequences of decisions 
and devise strategies for attaining ob-
jectives.

The sources of LM relations com-
plexity are both internal and external to 
an organization. Parties to LM conflicts 
interact repeatedly in recurring con-
tract negotiations and when addressing 
problems that crop up during a contract 
period (Walton & McKersie, 1991). 
Even when negotiations are between 
two monolithic parties, as in the US, 
LM relations are multiparty, since the 
groups are only seemingly monolithic. 
There is internal dissension among each 
group’s members, who need to negoti-
ate a shared stance with respect to their 
counterparts. This becomes a challenge 
to negotiators and their constituencies, 
because of continually shifting condi-
tions inside the organization and in its 
external context (Kaufman et al., 2018).



Journal on Policy and Complex Systems 

54

Not all stakeholders participate 
in all interactions, either at the (for-
mal) negotiation table or away from 
it (informally). Rather, each group is 
formally represented by its negotiation 
team, resulting in principal-agent dif-
ficulties (e.g., Lax & Sebenius, 1991; 
Mnookin, 1993; Mnookin & Susskind, 
1999). That is, agents may have person-
al interests of their own, such as ad-
vancing in their organization or secur-
ing favorable conditions for themselves 
that do not coincide totally with the 
interests of the principals they repre-
sent (Ensmiger, 2001; Lax & Sebenius, 
1991). However, delegation of negotia-
tions to representatives is a key aspect 
of labor relations, which is itself subject 
to negotiations. Delegation may re-
sult in labor negotiators’ role conflict, 
induced by their fourfold objectives: 
accountability to constituents, desire 
to reach an agreement with the other 
party’s negotiators, compliance with 
institutional policies or norms, and 
protection of personal interests. Even 
in the absence of such conflicts, delega-
tion of negotiations to representatives 
of the interested parties adds to process 
complexity. 

Our LM negotiation dynamics 
project seeks to generate information 
the parties can use to navigate in their 
complex negotiation process. It is guid-
ed by social identity and social catego-
rization research (e.g., Koutsovoulou 
& Fronty, 2018). However, instead of 
seeking to explain/predict the parties’ 
behavior, we track it to anticipate paths 
to outcomes and surface how the in-
ternal organizational and the external 
regulatory contexts affect them. To ac-

complish this, we adapt LM to a gener-
al multi-group model (Kaufman et al., 
2017; Kaufman et al., 2019) that com-
bines complexity physics and networks 
techniques. 

LM negotiations in the US 
have long been the subject of theoret-
ical (e.g., Dreze, 1976), experimen-
tal (Cutcher-Gershfeneld & Kochan, 
2004; Evan & McDougal, 1967), and 
field studies (e.g., Simkin & Fidandis, 
1971). We examine here the dynamics 
of the French LM negotiations. The lat-
ter differ in some important ways from 
their US counterparts. While US con-
tract negotiations usually involve two 
monolithic groups (labor and man-
agement), in French organizations, the 
union side is not monolithic; rather, 
several unions with some shared and 
some divergent objectives negotiate 
with management and with each oth-
er (Laroche & Wechtler, 2008). Their 
interactions are conflictual within and 
especially between groups. In addition, 
while US contract negotiations occur 
periodically (not necessarily yearly), 
French LM negotiations are broader in 
coverage and continuous; they are held 
at the table and behind it, with annu-
al moments when formal agreement is 
sought. Other differences include high 
French state interventionism; strong 
labor legislation; and, highly conflict-
ual French labor relations, illustrated in 
2019–2020 by prolonged multi-sector 
strikes. Unlike in the US, where strikes 
usually indicate failure to reach a ne-
gotiated agreement, in France, strikes 
are the conduit for making demands 
before negotiations.
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In any context, including LM re-
lations, negotiators prepare by consid-
ering various strategies (Walton et al., 
2000) and attempting to anticipate and 
evaluate their outcomes. In the US, only 
two groups—labor and management—
need to keep track of each other when 
strategizing. In the French LM system, 
even while sharing some interests, em-
ployees and mid-managers typically 
belong to several unions competing 
for members. At times, membership 
recruitment and retention overtake 
importance in contract issues. Conse-
quently, processes and outcomes of LM 
negotiations are not readily predictable 
in real time, when negotiators need in-
formation to prepare, strategize, and 
craft agreements beneficial to their con-
stituents and/or the organization. Oth-
er contributors to negotiations com-
plexity include case specifics (different 
organizations face different problems), 
the nature of intra- and inter-group 
relations, and their embeddedness in 
shifting economic and political condi-
tions that alters the parties’ calculus and 
alignment (Kaufman et al., 2018). 

In other complex, multi-party 
conflicts—in international relations, 
policy, planning, or environmental 
management—negotiators increasing-
ly use anticipatory approaches, such 
as agent-based modeling (Bonabeau, 
2002a). Instead of letting point pre-
diction drive their choices, negotiators 
generate a range of possible scenarios 
and craft strategies consistent with their 
objectives (Chermack, 2011). Of these, 
some strategies are wise for a broad 
portion of the anticipated range of 
outcome. These strategies are deemed 

robust in that they carry a higher likeli-
hood of attaining objectives than strat-
egies that hinge on specific conditions 
to yield desired results (Ben-Haim, 
2000; Ben-Haim & Hemez, 2012). 
This approach recognizes the difficulty 
of predicting the trajectory and out-
come of dynamic, complex processes 
(Bonabeau, 2002b) and fosters robust 
decisions in the face of uncertainty 
(Been-Haim, 2000; Chakraborty et al., 
2011; Dittrich et al., 2016; Rossel, 2010; 
Weaver et al., 2013).

We propose to adopt this antic-
ipatory scenario approach to labor re-
lations by using a network model that 
has been effective in anticipating out-
comes in other contexts, including na-
tional elections, referenda, and ethnic 
conflicts (Kaufman et al., 2017). We 
calibrate the model for a Major Euro-
pean Industrial company (MEI) active 
in four European countries, including 
France. We explore the LM negotiat-
ing groups’ strategies through scenarios 
based on intra-group and inter-group 
interactions and their contexts. Unions, 
management, and their negotiators can 
use the model to qualitatively explore 
scenarios and strategies that may lead 
to mutually advantageous agreements 
or to impasse. We aim to generate in-
formation negotiators can use to find 
paths to agreement.

We describe first the model and 
the MEI data. Then we illustrate the 
model’s capability with several scenar-
ios generated for this organization. We 
conclude with some directions for con-
tinuing our project.



Journal on Policy and Complex Systems 

56

The Hierarchical Multiplex 
Network Model of Inter-
Group Negotiations

To model French LM relations 
in the MEI case and explore the 
range of possible negotiation 

paths and outcomes, we adopt a notion 
from the physics of complexity. Physical 
complex systems appearing unpredict-
able at one observation level can exhibit 
patterns at a higher observation level. 
We posit here that the study of complex 
social systems—with numerous inter-
acting agents—can be approached in 
similar fashion, even though individu-
als behave differently from physical en-
tities, which lack agency and obey phys-
ical rules. Social systems too appear 
unpredictable at one observation level. 
At a higher observation level, howev-
er, qualitative patterns not discernible 
at “eye level” emerge. This property of 
complex systems allows generation of 
a range of possible system trajectories 
and outcomes. 

The modeling approach we take 
for the study of LM relations has been 
termed sociophysics (Kaufman et al., 
2019; Kaufman et al., 2018). It has been 
applied to a variety of social contexts 
and issues. Examples include: voting 
(Galam, 2013, Kaufman et al., 2017), 
opinion formation (Sobkowicz, 2009) 
and manipulation (Quatrociocchi et al., 
2011), social media (Ishii & Kawahata, 
2018), regional employment (Kaufman 
et al., 2019), social stability (Belaza 
et al., 2019), ecopolitics (Arnopou-
los, 2001), the stock market (Diep & 
Desgranges, 2019), and international 
intractable conflicts (Kaufman et al., 

2020). A complementary formulation 
of a decision-making model is present-
ed in West and Turalska (2013).

We consider the groups typically 
involved in LM negotiations: compa-
ny negotiators, union negotiators, and 
their respective constituencies. We in-
clude five groups: the management and 
two unions, each of which has a nego-
tiating team and its rank-and-file mem-
bership. This structure matches the 
configuration of the French MEI case 
for which we have collected data.

We conceptualize the five-group 
LM system as a hierarchical multiplex 
of two networks (Figure 1). A multi-
plex includes relationships among two 
or more networks (groups). Each net-
work has nodes representing individual 
group members, and lines representing 
their intra-group interactions. They 
form a multiplex through relationships 
among the networks. In the MEI, the 
negotiators representing unions and 
management form one network, while 
the union constituencies form the sec-
ond network. Negotiating agents for la-
bor and management interact at Level 
0. The labor negotiators also interact 
with their constituents that inhabit lev-
el 1 of the hierarchy. Each group has a 
cohesiveness dictated by the strength 
of intra-group interactions inside the 
group. 

Management and unions nego-
tiate repeatedly. At each negotiation 
round, a set of issues is at play (Walton 
& McKersie, 1991), typically including 
wages, social benefits, working con-
ditions, and workforce size (employ-
ment slots). We integrate all issues in 
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contention into a package, represented 
by comprehensive index. Within each 
group, a stance s represents each in-
dividual’s position on index. We take 
the stance s to vary between -1 and +1, 
where -1 corresponds to the manage-
ment’s preferred index value, while +1 
corresponds to the workers’ preferred 
index value. The stances s can change 
as negotiations proceed in time. Within 

each group, members try to persuade 
each other to their own stance. They 
also take account of the other groups’ 
average stances with respect to the com-
prehensive index. In time, depending 
on intra-group cohesions J and the in-
fluence K that groups exercise on each 
other, average group stances evolve ei-
ther toward agreement, if all s are equal 
to each other, or toward disagreement.

Figure 1. 5-group, 2-level multiplex: Unions, union negotiators, and management 
negotiators; Js = internal groups’ cohesion; Ks = relationships between the groups.

 We note here key differenc-
es between this model and the one 
used previously to generate scenarios 
for groups in conflict (Kaufman et al., 
2017; Kaufman et al., 2019). In the lat-
ter, the discrete variable s ranged from 
-M to M, and represented individuals’ 
attitude toward engaging with mem-
bers of other groups or continuing the 
conflict. At -M, there was complete 
openness to adopt the opposing group’s 
attitude, while at M, there was complete 

unwillingness to engage with others. 
Therefore, equality of attitudes did not 
signal agreement. Rather, if for example 
all groups had average attitudes in the 
positive range, it led to continued strife. 
In contrast, in the LM model, the con-
tinuous variable s (ranging from -1 to 
1) represents an individual’s stance with 
respect to a package of contract issues. 
Therefore, at any given moment, unless 
group average stances are equal, agree-
ment is not possible. When both labor 
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and management adopt equal stances 
in the positive range, it means manage-
ment has made the most concessions. 
The opposite is true for equal stances in 
the negative range.

Borrowing from statistical phys-
ics, we compute a group’s average stance 
at time t+1 using the Boltzmann prob-

ability distribution exp(-e/T), where e 
is the energy and T is temperature. We 
consider the energy e (as in Diep et al., 
2017) to be proportional to the product 
of the stance s and the mean of stances 
of all members of the group. The cohe-
siveness of the group is quantified by 
the coupling J. Thus, for Group 1:

We use the Langevin function L(x) (also applied to model magnetic materials) as:

Then Equation (1) becomes:

where j = J/T.

We compute the changes in 
stances by assuming that the intensity 
of interactions involves the product of 
individual preferences at a current time 
and average preferences of the groups at 
an earlier time. This lag represents the 
time it takes to change an individual’s 
stance through persuasion or group 
pressure. 

We assume that when two groups 

negotiate—for example the two unions 
in layer 1 (Figure 1), or a union nego-
tiator with the management negotia-
tor in layer 0—the energy function of 
group #1 contains an interaction term 
K12*s*s2 representing the influence 
of the mean stance of group #2 on an 
individual in group #1, and the energy 
function for group #2 contains an inter-
action term K21*s*s1:

where k = K/T. The intergroup con-
stants K12 and K21 quantify the inter-
group interactions. These interactions 

are not necessarily equal, as they would 
be in physical systems.
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Each group’s average stance may 
change in time as a result of the in-
tra-group mutual persuasion efforts and 
attention to the other groups’ average 
attitudes. Depending on intra-group 
cohesions J and the influence K that 

groups exercise on each other, average 
group attitudes evolve toward agree-
ment, if all s are equal to each other, or 
to disagreement. The model equations 
are generalized, for any number N of 
groups, as follows:

where:

On the diagonal of the interac-
tion matrix are the intra-group inter-
actions j that correspond to internal 

group cohesiveness. The off-diagonal 
terms correspond to the inter-group in-
teractions k. Specifically:

 Our numerical data-based illus-
trations in the next section are for the 
French MEI. In this case, the model has 
five intra-group cohesion parameters J 
and twenty inter-group parameters K 
reflecting relations between manage-
ment, union negotiators, and their con-
stituents.

Data

We illustrate the kinds of in-
formation negotiators can 
draw from the multiplex 

model by tailoring it to the French divi-
sion of the MEI. We collected data from 
several sources: interviews (N=12) with 
selected MEI union and management 
leaders, participant observation of an-
nual contract negotiations, and organi-

zational documents. The purpose was 
to assess qualitatively, both directly 
and indirectly, ranges of the internal 
group cohesion parameters J and the 
inter-group interaction parameters K. 

The in-depth interview helped 
us understand the MEI’s organization-
al structure and labor relation issues in 
general, leading to the decision to in-
clude five groups in the model. We elic-
ited the respondents’ perceptions of so-
cial relations within the MEI, their own 
and the other groups’ cohesion regard-
ing L-M relations, mutual trust, and the 
impact of the company’s external and 
internal contexts on the negotiation 
process. Interviewees gave examples of 
one successful and one failed negotia-
tion, with the (perceived) reasons be-
hind the successes and failures. 



Journal on Policy and Complex Systems 

60

Direct observations and anal-
ysis of the interview transcripts led us 
to comparatively understand the LM 
relationships. It allowed us to select 
parameters values for intra-group co-
hesion inter-group relations, including 
mutual levels of trust, which reflect 
their relative magnitudes. For example, 
interviews revealed which union stands 
closest to the management’s position, 
which group is the most cohesive, and 
how stances changed in the recent past.

Through interviews and the or-
ganization’s documents, we also gained 
an understanding of the role that exter-
nal and MEI-internal contexts play in 
different LM negotiation rounds. For 
example, relatively new (2019) gov-
ernment regulations and economic or 
political conditions tend to polarize 
the groups, freezing them in their pos-
tures and reducing their willingness to 
make concessions as they compete for 
members.1 This effect resembles the re-
duced intensity of movement in phys-
ical systems under low temperatures.

Diminished regulatory activity or 
internal changes, such as new manage-
ment, have the opposite effect of bring-
ing parties together more readily as they 
face new and uncertain conditions. This

1 The “Work Law” of June 21, 2017 excludes from negotiations union groups with membership be-
low a certain percentage of the workforce. As a result, unions become more competitive with each 
other to secure the required membership level. However, this tends to negatively affect the mutual 
relationships among the unions present in an organization.

reaction is analogous to physical sys-
tems’ responses to high temperatures. 
Recent events in France, government 
attempts to change work conditions 
such as the age of retirement, and man-
agement moves within the MEI offer 
anecdotal support for this perspective.

Using MEI-specific parameters 
to generate scenarios for upcoming LM 
negotiations, we describe next how the 
model can be used to generate scenar-
ios of negotiation trajectories for five 
groups. The scenarios represent several 
parameter value possibilities and con-
text contingencies. Social turmoil in 
2019–2020 and internal changes in MEI 
leadership are timely events allowing us 
to capture context effects and to test 
scenario usefulness to the negotiators. 

Illustrative Results

Using the two-layer multiplex 
model depicted in Figure 1 and 
qualitative data-based param-

eter values, we generated several MEI 
negotiation scenarios differing in both 
parameter values and contexts. We de-
note the five negotiation groups (Figure 
1) as follows: 

Multiplex Layer 0 Multiplex Layer 1

Group 1: management negotiator team Group 4: labor group A rank and file
Group 2: labor group A negotiator team Group 5: labor group B rank and file
Group 3: labor group B negotiator team
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The link between the two layers 
is between union rank-and-file groups 
and 5 of Layer 1 and their respective ne-
gotiator groups 2 and 3 of Layer 0. That 
is, in this version of the model, man-
agement negotiators do not communi-
cate directly with union rank-and-file 
groups.2 We consider two meta-sce-
narios, A and B, differentiated by the 
degree—weak or strong—of internal 
cohesion of the management negotia-
tor team compared to the union teams. 
These two possibilities emerged from 
the data we collected about the MEI 
case. We assessed numerical values for 
the intra- and inter-group model pa-
rameters J and K based on how inter-
viewees perceived the cohesiveness of 
their own and the other groups.3 In-
terviewees also suggested that certain 
contextual factors (external to their 
negotiations) affect the extent of inter-
nal group cohesion. Thus, events can ri-
gidify the stances of groups that would 
otherwise be more flexible during ne-
gotiations; similarly, in other contexts, 
groups may show a higher-than-usu-
al degree of flexibility and willingness 
to reach agreement. Using an analogy 
with physics, we captured the context 
variables not explicitly included in the 
model, with a “temperature” T: at low 
temperatures, group members tend to 
rigidity in their stances and are resistant 
to persuasion by other groups; at high-
er temperatures, some group members 
may become more flexible, and their 
groups may become more amenable to 
agreement. Therefore, for each of the 

2 This is not always the case. However, the model allows scenario generation for cases in which the 
management negotiator communicates directly with unions.

3 The model results are relatively robust for a range of parameter values.

two meta-scenarios—weak manage-
ment (Case 1) and strong management 
(Case 2)—we present scenarios for dif-
ferent temperatures T ranging from low 
to high. 

Case A: Weak Management 
Cohesion

We begin with the meta-scenario in 
which management has a weaker in-
ternal cohesion J1 than the unions. 
According to MEI interviewees, this 
situation prevails occasionally. Table 1 
describes the J (internal cohesions) and 
K (inter-group linkage) values we as-
sessed for this situation. 

We explore the possible out-
comes of negotiations as the context 
(temperature) varies. At the lowest 
temperature (Figure 2a) management 
and the unions remain at their initial 
positions throughout the time period 
considered, with no agreement in sight. 
There is impasse, with union and man-
agement stances as polar opposites. At a 
slightly higher temperature (Figure 2b), 
management appears to move in time 
relatively quickly towards the union 
stance, with a likely agreement very 
close to union demands. This means 
the (weaker) management concedes to 
the unions, which exhibit rigidity and 
reluctance to make any concessions. 
However, as the temperature rises (Fig-
ure 2c), the constraints on group stances 
are fewer. The system moves toward an 
agreement still favoring union stances, 
but with some concessions to manage-
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Group 1 2 3 4 5

Internal cohesion J J1 = 3.0 J2 = 4.0 J3 = 3.5 J4 = 4.0 J5 = 3.5

Intergroup interactions K 
between any group I and the 
other 4 groups j

K12 = 0.5 K21 = 0.5 K31 = 1.5 K41 = 0.0 K51 = 0.0

K13 = 1.5 K23 = 1.0 K32 = 1. K42 = 4.0 K52 = 0.0

K14 = 0.0 K24 = 4.0 K34 = 0. K43 = 0.0 K53 = 3.5 

K15 = 0.0 K25 = 0.0 K35 = 3.5 K45 = 0.0 K54 = 0.0

Table 1: Values of parameters J and K for the “Weak Management” Meta-scenario

Figure 2: Four scenarios for weak management cohesion.
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Figure 3: Temperature around which agreement is reached after a turning point.

Figure 4: Phase diagram for the weak-management meta-scenario.
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ment. At a still higher temperature (Fig-
ure 2d), management’s flexible stance 
no longer rises sufficiently to meet the 
unions, which have a less unified posi-
tion. Although all groups are closer to 
each other, there is no agreement.

Finally, at the highest tempera-
ture considered for this case (Figure 
3a), agreement is achieved in time at 
a joint compromise stance of s = 0 for 
all groups. Figure 3b shows the negoti-
ations’ trajectory in three dimensions 
(s1, s2, s3) for multiplex layer 0 of man-
agement and union negotiators, and for 
management and rank and file unions 
(s1, s4, s5). A turning point becomes 
apparent, where negotiations initially 
headed for disagreement move towards 
the compromise value of zero for all s 
stances.

The phase diagram of Figure 
4 summarizes the effect of tempera-
ture on the five groups’ attitudes—and 
therefore the possibility of agreement. 
It shows that when management is 
less cohesive than the unions, agree-
ment can occur at low temperatures on 
union terms; as temperature rises, the 
unions’ stances diverge from each other 
and from management, until at T = 3, 
which is a turning point. For that tem-
perature and higher, concessions from 
both unions and management lead to a 
compromise agreement.

Case B: Strong Management

In the second meta-scenario, the man-
agement’s internal cohesion J1 is strong, 

4 In the analogous physics model, this critical temperature corresponds to a Curie point where a 
magnet loses its magnetization.

compared to the internal cohesion of 
the union groups (Table 2).

 As in the meta-scenario of Case 
1, at low temperature (Figure 5a), the 
five groups are “frozen” in their initial 
stances and negotiations fail to yield 
agreement. As the temperature rises, 
we notice an interesting phenomenon 
(Figure 5b) where strong management 
causes disunity between the two unions, 
who diverge in their stances. One union 
group and its negotiators remain more 
firmly entrenched in their opposi-
tion to management, while the other 
union group with its negotiators goes 
much further toward the management 
stance—a situation described by the 
MEI interviewees. At yet higher tem-
peratures (Figures 5c, 5d), unions move 
rather quickly towards the management 
stance, but the latter remains unmoved 
and agreement is still not possible. In 
both these situations, there is a slight 
management turning point: it begins 
to move towards the union stances but 
then changes course and remains “fro-
zen,” although at a relatively higher lev-
el than in the first two scenarios (Figure 
6, corresponding to Figure 5d, where T 
= 3). 

Finally, at a critical temperature 
T = 4 (Figure 5d), agreement becomes 
possible as all groups move toward 
a stance s = 0. This is a critical tem-
perature for the strong management 
scenarios, in the sense that above it, 
compromise is always achievable.4 This 
situation is qualitatively similar to the 
one displayed in Figure 3a, where, how-
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Group 1 2 3 4 5

Internal cohesion J J1 = 10.0 J2 = 4.0 J3 = 3.5 J4 = 4. J5 = 3.5

Intergroup interactions K 
between any group I  
and the other 4 groups j

K12 = 0.5 K21 = 0.5 K31 = 1.5 K41 = 0 K51 = 0.0

K13 = 1.5 K23 = 1.0 K32 = 1.0 K42 = 4.0 K52 = 0.0

K14 = 0.0 K24 = 4.0 K34 = 0.0 K43 = 0. K53 = 3.5 

K15 = 0.0 K25 = 0. K35 = 3.5 K45 = 0. K54 = 0.

Table 2: Values of parameters J and K for the “Strong Management” Meta-scenario

Figure 5. Four scenarios for strong management cohesion.
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Figure 6. Strong management scenario with turning point, at T=3.

Figure 7. Phase diagram for the strong-management meta-scenario.
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ever, at the outset, management moved 
more toward the union stances than in 
the strong-management case. 

The effect of the contextual “tem-
perature” on the stances of the five 
groups can be seen in the long-term 
phase diagram5 of Figure 7, obtained 
for the strong-management meta-sce-
nario. 

 At low temperatures, manage-
ment and the union groups are very 
constrained in the extent to which they 
can make concessions during negotia-
tions. Therefore, even a strong manage-
ment fails to persuade the union groups 
to change their stances. Higher tem-
peratures are equivalent to fewer con-
straints, so concessions are more possi-
ble but do not necessarily happen. We 
see again, however, that above a critical 
temperature, stances converge making 
agreement possible from that point on. 

Note, that even at some interme-
diate temperatures, the union stances 
come quite close to the management 
stance. Arguably, at these temperatures, 
agreement is still possible despite re-
maining differences. It hinges on the 
decision rule adopted or imposed in a 
specific negotiation. The decision rule 
applied in specific situations depends 
on the LM culture in general or in a 
specific organization, or purposely ad-
opted by the groups. At times, it can be 
imposed by external rules, as in France. 

If the decision rule is unanimous 
consensus, then agreement can only be 
reached at a temperature equal to, or 

5 This diagram (after many negotiation rounds) of the strong management meta-scenario should be 
thought of as the end state of the trajectories as the temperature varies. 

higher than, the critical temperature. 
According to the information supplied 
by the interviewees, in the MEI case, 
the decision rule is not unanimous 
consensus, not least owing to the 2017 
French “Work Law.” It specifies a ma-
jority decision rule, requiring only a 
certain proportion of the labor force 
to be on board for a proposed agree-
ment. For example, if one of the unions 
strenuously opposes concessions but its 
membership in an enterprise is lower 
than a specific proportion, the other 
unions (with larger memberships) may 
still enter an agreement with manage-
ment. Thus, in our strong management 
scenario, owing to this rule, agreement 
can be reached at the lower-than-criti-
cal, intermediate temperatures. 

Conclusions

In this article, we use hierarchical 
network multiplex modeling to 
study labor relations in the French 

section of an MEI. We use participative 
observation, interviews, and documents 
to estimate ranges of the model parame-
ters and generate scenarios anticipating 
paths to agreement or impasse under 
specific internal and external contin-
gencies. A specific focus is the impact 
intra-unions level negotiations have on 
union-management negotiations pro-
cesses and results.

The MEI-specific scenarios show 
that, while the new management that 
came in 2019 with a more flexible ap-
proach may create conditions leading 
to agreements between the unions and 
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the organization’s leadership, new gov-
ernment laws (2017) and pension dis-
putes have the opposite effect, polariz-
ing the unions. The scenarios reveal a 
difference between the French MEI as 
a whole, which has strong leadership 
compared to the unions, and one of its 
divisions, where management leader-
ship is weaker than that of unions. The 
relative strength of leadership results in 
agreements closer to the position of the 
stronger party. In both cases examined 
(weakly and strongly cohesive manage-
ment), we found turning points, hing-
ing on the context (captured here by 
temperature), beyond which agreement 
on contracts happen as the management 
and union stances come to coincide.

We find that given a set of union 
and management stances, the context 
(temperature) makes a difference in ne-
gotiation outcomes. Stakeholders can 
alter to some extent the internal con-

text. Our scenarios can inform them 
on how to select strategies that will help 
overcome impasse and increase the 
likelihood of agreement.

The model’s computational diffi-
culty rises with the number parameters, 
which in turn increases with the num-
ber of groups considered. The model 
yields general qualitative insights appli-
cable in many contexts. However, pa-
rameter estimation for a specific orga-
nization, more useful to stakeholders, is 
more complicated, requiring extensive 
data collection to capture specifics re-
garding relative internal cohesions and 
contextual factors.

At the next stage of this project 
we will collect data from the French 
MEI’s subdivisions, and other Europe-
an divisions of the MEI. We will include 
specific government regulatory inter-
ventions that may alter the context of 
negotiations.
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Abstract

When modeling human behavior in an economic or social scenar-
io, Agent-Based Models (ABMs) are increasingly using boundedly 
rational agents, which has led to an increase in the realism of these 
models. However, there remains further room for improvement in 
these models by including and combining human personality with 
the social interaction aspects. This is especially true in pedestrian 
evacuation types models where in many cases the previous models 
have treated evacuees as particles that function under the laws of 
physics, or are homogenous agents that make the same decisions, 
regardless of the situation. It is found that an evacuation model 
based on personalities can be built and is able to produce results 
similar to other previous models as well as those seen in real life, 
along with some emergent behaviors. This model allows for explo-
ration of interactions between different personality factors and can 
be enhanced as more evidence on personalities appears from em-
pirical data. The model can also serve as a framework and spring-
board for modeling agents with different occupations and a richer 
set of behaviors.

Keywords: Five Factor Model; Big 5; personality; agent-based mod-
el; room evacuation; panic; emergent behavior

Modelo de evacuación del espacio utilizando 
comportamiento basado en la personalidad

Resumen

Al modelar el comportamiento humano en un escenario económi-
co o social, los modelos basados   en agentes (ABM) utilizan cada 
vez más agentes racionalmente limitados, lo que ha llevado a un 
aumento en el realismo de estos modelos. Sin embargo, queda más 
margen de mejora en estos modelos al incluir y combinar la per-
sonalidad humana con los aspectos de interacción social. Esto es 
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especialmente cierto en los modelos de tipo de evacuación de pea-
tones donde en muchos casos los modelos anteriores han tratado 
a los evacuados como partículas que funcionan bajo las leyes de la 
física, o son agentes homogéneos que toman las mismas decisio-
nes, independientemente de la situación. Se encuentra que se pue-
de construir un modelo de evacuación basado en personalidades 
y que puede producir resultados similares a otros modelos ante-
riores, así como a los que se ven en la vida real, junto con algunos 
comportamientos emergentes. Este modelo permite la exploración 
de interacciones entre diferentes factores de personalidad y se pue-
de mejorar a medida que aparecen más evidencias sobre personali-
dades a partir de datos empíricos. El modelo también puede servir 
como marco y trampolín para modelar agentes con diferentes ocu-
paciones y un conjunto más rico de comportamientos.

Palabras clave: Modelo de cinco factores; Big 5; personalidad; mo-
delo basado en agentes; evacuación del espacio; pánico; comporta-
miento emergente

基于人格行为的房间安全疏散模型

摘要

在一个经济场景或社会场景中对人类行为进行建模时，基于
主体模型（ABMs）越来越多地使用限制性理性主体，这导致
这类模型的务实性有所增加。然而，这些模型仍然能通过将
人类性格包括在内并将性格与社会互动方面相结合进而得以
提升。这对针对行人撤离的模型而言尤为如此，在这些模型
中很多之前使用的模型将被疏散人员作为微粒进行处理，这
些微粒在物理学定律下进行运动，或者被作为不论情形如何
都做出相同决策的同质性主体。研究发现，能够建立一个基
于人格的人群疏散模型，该模型能产生与以往模型相似的结
果，以及那些在现实生活中出现的结果，同时伴随某些突发
行为。该模型能探究不同人格因素之间的相互影响，并能随
着从实证数据中发现更多人格证据而得以提升。该模型还能
充当一项框架和基础，对拥有不同职业和具备更丰富行为的
主体进行建模。
关键词：五因素模型，Big 5，人格，基于主体模型，房间安
全疏散，恐慌，突发行为
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1. Introduction

The study and analyses of room 
evacuations in an emergency 
are difficult due to the transient 

nature of panic, and ethical/safety con-
siderations largely rule out live experi-
ments. For this reason, pedestrian evac-
uations have been studied using data 
gathered from either video of real disas-
ters where available, or various types of 
simulation models for almost two de-
cades. These models have varied from 
the generalized force model first utilized 
by Helbing et al. (2000), to multi-agent 
models used by dos Santos and Mari-
etto (2009), modified lattice gas models 
used by Dongmei et al. (2017), and a 
modified Boids ABM used by Trivedi 
and Rao (2018). While the authors of 
these models produce behaviors and 
outcomes sometimes seen in real life, 
they are based mostly on un-thinking 
individuals that follow a self-preserva-
tion behavior at all costs, without any 
regards to social costs. These models 
are at odds with sociological literature 
such as Quarantelli (1954 & 2001) and 
Johnson (1987). The latter cites several 
examples where “general norms of utili-
ty had not broken down,” with strangers 
helping each other, and an emergence 
of competition only after it became ap-
parent that cooperation was not possi-
ble, and the situation started to become 
more threatening. Quarantelli (2001) 
specifically mentions two studies, one 
by Cantril (1940) and the other by 
Rosengren (1975). Cantril (1940) dis-
cusses the analysis of reactions to a ra-
dio broadcast reporting a fictional alien 
invasion from Mars, where it was found 

that there was little actual panic, only 
anecdotal accounts of panic sensation-
alized by the press. Rosengren (1975) 
analyzed a similar fictional broadcast 
about a nuclear plant accident in Swe-
den resulting in radioactive clouds and 
reported that less than 10% of the lis-
teners believed the broadcast and less 
than 1% had any behavioral reaction, 
with no one showing any panic flight-
like behavior. Johnson (1987) analyzed 
fire in a night club as well as a stam-
pede that occurred at a Who concert 
and found that altruism was the norm 
for a long time, rather than animal like 
behavior often associated with panics 
in the popular media and literature. He 
reports that it was only when the situ-
ation became more threatening, and 
cooperation did not seem possible that 
competition emerged, although people 
still continued to help others—far from 
a mass panic scenario—and clear ev-
idence that there may be no so-called 
“final stage” where pure animalistic be-
havior is at play. 

Mawson (2017) takes a some-
what different approach from any of 
the above. Studying panic from a social 
attachment perspective, he states that 
human relationships are homeostatic, 
and panic is visually synonymous with 
anxiety, fear, conflict, stress, and emo-
tion. According to Mawson (2017), in-
dividuals build cognitive maps of dis-
crete stimuli and the interpersonal and 
conceptual environment. These cog-
nitive maps are stratified (self->fam-
ily-> friends->others), akin to social 
networks circles, and have self-main-
taining properties. The maintenance of 
these maps is done through feedback, 
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and when there is no feedback, the 
maps begin to break down. Affiliative 
behavior, or running towards others, 
then acts as a negative feedback mecha-
nism that increases the flow of sensory 
stimulation, making it self-correcting. 
Mawson (2017) further notes that stim-
ulation avoidance or freezing can also 
occur. Similar to Johnson (1987), he 
notes that mass flight from the scene of 
community disasters is uncommon and 
that altruistic behavior is the rule.

Given the social nature of hu-
mans and their distinctive personalities 
and behaviors, it is very plausible that 
personalities would play an important 
role in any evacuation scenario, espe-
cially where a significant proportion 
of individuals are adults. Additional-
ly, if one considers the evidence from 
Johnson (1987), Quarantelli (2001), 
and Mawson (2017), including person-
alities in an evacuation scenario could 
increase the fidelity of these models.

The Five Factor Model of Personality

Gray (2002) describes the “Big Five” 
model of personality as Openness to 
Experience, Conscientiousness, Extra-
version, Agreeableness, and Neuroti-
cism, known by the acronym OCEAN. 
Also known as the Five Factor Model 
(FFM), each factor or trait is briefly de-
scribed in the table below taken from 
Gray (2002).

At a high-level, the FFM is a 
5-dimensional landscape with behav-
ior at any given time being determined 
by the relevant combination of the Five 
Factors as well as by the environment. 
Each factor of the FFM can be further 

subdivided into facets, although that is 
out of the scope of this paper/model.

2. Literature Review of 
Pedestrian Evacuation Models

The existing models of pedestrian 
evacuation behavior can be di-
vided into the physics-oriented 

particle-based models, and individu-
alistic behavior-based models. Each of 
the subsections below describes these 
types of models.

Particle-Based Models

Helbing et al. (2000) present a model 
of pedestrian behavior that looks at the 
mechanisms of and preconditions for 
panic and jamming by uncoordinat-
ed motion in crowds. Their simulation 
is based on a generalized force mod-
el. They find that an optimal strategy 
for escape from a smoke-filled room, 
involves a mixture of individualistic 
behavior and collective `herding' in-
stinct. Helbing et al. (2007) is an em-
pirical study covering the dynamics 
of crowd disasters. It includes analysis 
of videos of a crowd disaster in Mina/
Makkah during Hajj in 1426H on Jan-
uary 12, 2006. The authors suggest that 
high density flows can turn “turbulent” 
and cause people to fall. The occurring 
eruptions of pressure release are anal-
ogous to earthquakes and are as such 
uncontrollable. They find that even at 
extreme densities, the average local 
speeds and flows stayed finite, i.e. there 
was no level of crowdedness under 
which people completely stopped mov-
ing. As the average density increased, a 
sudden transition occurred from lami-
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Table 1: The Five Factor Model of Personality (Gray 2002)

Factor Descriptors at 
high end of scale Manifestation of factor

Openness to 
Experience

Given to fantasy
Aesthetically reactive
Sensitive to 
interpersonal cues
Concerned with 
philosophical 
problems
Moralistic
Socially poised

High scorers are flexible and broad-minded 
individuals who are creative, imaginative and 
intellectual. They like to try new options, seek out 
variety and find reward in learning and developing 
new ideas. They avoid situations that are highly 
structured, rigid or controlled.

Conscien-
tiousness

Productive
Orderly
Dependable
Having a high level of 
aspiration
Consistent
Rational

Highly conscientious people are goal- oriented 
and efficient. They are dependable, well-organized, 
methodical and focused. Being rule-oriented, they 
avoid disorder and impulsive behavior.

Introversion– 
Extraversion

Sociable
Lively
Active
Assertive
Carefree
Dominant
Venturesome
Optimistic
Impulsive
Sensation-seeking

Individuals with high scores for Introversion 
tend to be quiet and reserved, introspective, 
distant except with intimate friends, reliable, 
non-impulsive, serious, liking order, emotionally 
restrained, non-aggressive, moral and somewhat 
pessimistic. High moral and somewhat pessimistic. 
High scorers on Extraversion in contrast tend to 
be sociable, impulsive, sensation seekers, liking of 
change, easy going, optimistic, aggressive and can 
be unreliable.

Agreeableness

Trusting
Straightforward
Altruistic
Compliant
Modest
Tender-minded

Individuals with high scores on this trait are 
straightforward and frank, co-operative, yielding 
rather than aggressive in conflict, modest and 
unpretentious, caring, nurturing, and supportive 
and tend to see others as honest and trustworthy.

Neuroticism

Anxious
Depressed
Feeling guilty
Having low self-es-
teem
Tense
Shy
Moody
Agitated
Suspicious
Hostile
Emotional

Individuals with high scores on this trait are likely 
to develop one of a range of neurotic psychiatric 
disorders, including generalized anxiety disorder, 
agoraphobia, major depression and obsessive-
compulsive disorder. There is considerable 
comorbidity between these neurotic disorders (but 
not between them and the psychotic disorders, 
such as schizophrenia or mania).
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nar to temporarily interrupted, longitu-
dinally unstable flows. The authors state 
that other simulation models of crowd 
panics fail to reproduce “turbulent” dy-
namics, as they neglect that the propul-
sion force of people increases in areas of 
extreme densities. These models usual-
ly ignore any thinking behavior for the 
agents involved.

In their model of pedestrian 
evacuation, Dongmei et al. (2017) build 
a modified lattice gas model where the 
moves are determined by the Fermi 
function. They use a payoff matrix that 
represents interactions between selfish 
individuals of two pedestrian types, co-
operators and defectors. The panic level 
determines the dynamics of the system, 
with the initial density of cooperators 
having negligible impact. As the panic 
level increases, the system goes through 
three phases, a single phase of cooper-
ator, a mixed two-phase cooperator-de-
fector, and a single phase of defector. 
This can be considered a hybrid model 
as along with a particle-based approach 
it uses game-theoretic concepts which 
allows agents to behave heterogeneous-
ly, although this model also assumes 
that at the end there are only defectors. 

Behavior Based Models

Alternatively, dos Santos and Marietto 
(2009) report on a conceptual Multi-
agent Model for Panic Behavior in 
Crowds based on the Emergent Norm 
Theory. The agents in this model assign 
positive or negative values to the infor-
mation they receive, and that leads to 
the development of an interactive cog-
nition. 

Another behavior-based model 
was implemented by Trivedi and Rao 
(2018) using a modified Boids ABM 
that looks at psychological and phys-
ical factors of panic in mass evacua-
tions. They use a rule-based roadmap 
approach such that critical nodes in the 
environment have a special rule. While 
this model uses a more sophisticated 
goal setting approach, where agents 
take separation, alignment, cohesion, 
and obstacles as inputs before calcu-
lating their panic level, it also lacks any 
heterogeneity that is part of any normal 
human group.

Empirical Evidence

As mentioned in the introduction 
above, Quarantelli (2001) observes that 
it is only in the direst of situations that 
social order seems to break down, re-
sulting in what we might call a single 
iteration Prisoner’s Dilemma (PD) type 
situation where defection is the most ef-
ficient course of action, although John-
son (1987) has reported that even in the 
direst of situations all social order does 
not break down. Recently, the impact of 
various aspects of the FFM on behavior, 
especially in simple games such as PD 
and the Dictator Game (DG) has been 
studied by Boone et al. (1999), Hirsh 
and Peterson (2009), Brocklebank et 
al. (2011), and Ben-Ner and Kramer 
(2011). 

Hirsh and Peterson (2009) find 
that for PD, more neurotic individuals 
that scored higher on the withdrawal 
aspect, and the more extroverted indi-
viduals that scored higher on the en-
thusiasm aspect were less likely to de-
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fect. Reporting a result that is different, 
Brocklebank et al. (2011) find that high 
openness and low neuroticism were 
more predictive of cooperation in PD. 
They further mention the work of Singer 
and Steinbeis (2009) that points to two 
different mechanisms behind prosocial 
behaviors, a fairness-based system and 
a compassion-based system. Their sug-
gestion is that the compassion-based 
system is linked to agreeableness and 
the fairness-based system to openness. 

Ben-Ner and Kramer (2011) 
look at altruistic behavior in DG from 
a multi-factor perspective. They find 
that altruism is high in individuals that 
score high on neuroticism and extra-
version and low on conscientiousness 
and agreeableness. They also find that 
altruism is low in those that are low on 
neuroticism, extraversion, and consci-
entiousness and high on agreeableness. 
Needless to say, there are some dis-
agreements in the literature mentioned 
above on the effects of the FFM Factors 
on behaviors.

The only implementation of a 
factor from the FFM, neuroticism, was 
found in Sarwar and Jaffry (2017). They 
introduce heterogeneity in their agents 
by giving some of them higher levels 
of neuroticism, which results in those 
agents having higher levels of panic, 
which in turn leads to more herd-like 
behavior. 

The rest of the paper is orga-
nized as follows, section 3 discusses the 
model design; section 4 presents and 
discusses the results of the model runs; 
and section 5 concludes along with the 
next steps.

3. Model Design

In this paper, we selected factors 
from the FFM to be included in the 
implementation of our agent be-

haviors, following Nettle (2006), Pan 
et al. (2006), and Ben-Ner and Kramer 
(2011). The model uses an FFM with 
multi-country data to build an evacu-
ation scenario, along with features such 
as primary and secondary doors with 
different possible sizes and the ability to 
build some relationships, based on per-
sonality, before disaster strikes. Figure 1 
below shows the geographical distribu-
tion of the FFM across selected coun-
tries included in the model. The data is 
taken from Schmitt et al. (2007).

Model Interface

The model consists of a 22x22 room 
with one or two exits. Initially, agents 
are randomly distributed throughout 
the room, with no more than one agent 
occupying the same position. As shown 
on the left side of the figure below, the 
model allows for a variable number 
of occupants in the room, a variable 
door size (similar to Pan et al., 2006), 
an option of a second door with an as-
sociated percentage of occupants that 
know of the existence of the second 
door in a manner similar to Moussaïd 
et al. (2016). The model also provides 
a switch to make 10% of the occu-
pants left-handed (Scharoun & Bryden, 
2014). In addition, users can select 
one of several countries in order to get 
populations with a different distribu-
tion of personality factors as described 
in Table 1 and Figure 1. Initial Means 
for the Five Factors as well as popula-
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tion counts for individuals displaying 
stronger (high) readings in each of the 
personality factors are displayed, along 
with counts of High and Low Altruism 
individuals, as described by Ben-Ner 
and Kramer (2011). Agents have differ-
ent shapes depending on the strongest 
factor of their personality. Agents with 
high openness are shaped as petals, 
high conscientiousness as wheels, high 
extraversion as circles, high agreeable-
ness as squares, and high neuroticism 
as stars. By default, all agents are green. 
However, when leaders are allowed, an 
additional procedure is called before 
the start of the simulation which allows 
for highly extraverted agents to build 
relationships and become leaders of 
other agents on the neighboring patch-
es (Moore neighborhood). Groups that 
belong to a leader along with the lead-
er all get the same color (see Figure 
2 below). Agents follow a first-come-

first-served type of rule with regards 
to leaders. Once a non-leader accepts 
another agent as a leader, another lead-
er cannot get that agent as a follower. 
Additionally, a leader cannot have a 
leader, this means that some agents 
with high extraversion may not have 
any followers.

Additionally, the model allows 
for switches to control the presence or 
absence of leaders plus a corresponding 
leader calming effect as well. Finally, the 
model includes a switch to allow the al-
truism effect to turned be on or off.

The output tracks the number of 
Leaders which is the same as the num-
ber of individuals with High Extra-
version, collision counts (avoided and 
occurred), population panic levels, the 
numbers evacuated by each door, and 
the average evacuation time for each 
door.

Figure 1: Geographical distribution of Five-Factors of Personality (means).
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Agent Behavior

Agent behavior in the model can be 
divided into two categories, physical 
movement behavior and personality 
driven behavior. 

Physical movement behavior 
involves targeting of and moving to-
wards the main (bottom) door or the 
second (top) door, if known. When the 
second door is known, the agents pick 
between the two doors depending on 
which one is the closest. Agents avoid 
obstacles such as walls and other agents 
by turning left or right. A bias to first 
turn to the left is implemented for the 
left-handed individuals in the popula-
tion, the rest of the population prefers 
to turn right first. If all spaces in the 
180-degree span in front of the agent 
are blocked, i.e. another agent or wall 
is in that space, the agent turns around 
and moves one space, i.e. backs up, and 
will then try to move again in the next 
tick, retargeting the door nearest to the 
agent. Agents are removed from the 
simulation once they reach a door. Ex-
ceptions to avoiding other agents hap-
pens when panic level for an agent goes 

past 0.8, then the agent starts pushing 
into the same patch as another existing 
agent, this results in collisions and the 
potential blocking of the other agents. 
When the altruism effect is on, there 
is an exception to the exception, such 
that an individual with a high altruism 
level (> 0.5) will not push onto anoth-
er agent’s patch, with a 20% probability, 
even if its own panic level is past 0.8.

Personality-based behavior de-
pends on the personality of the indi-
vidual agent. Table 2 below describes 
the personality driven behaviors imple-
mented in the model. Recall that data 
from Schmitt et al. (2007) was selected 
for a few countries and used to set up 
the agents. Specifically, mean values and 
standard deviations for OCEAN are 
used to drive random-normal distribu-
tions to generate the specific OCEAN 
factor values per agent. If an agent’s 
particular personality factor is higher 
than two standard deviations from the 
mean for that country/population, it is 
given a high score/level for that person-
ality. While it is possible for an agent to 
have a high level in more than one per-
sonality factor, for user interface dis-

Figure 2: Model user interface.
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play purposes a prioritized hierarchical 
approach is taken, whereby the shape 
of an agent is determined first by high 
neuroticism, then by high extraversion, 
then by high agreeableness, followed 
by high conscientiousness, and final-
ly by high openness. In other words, if 
an agent has high neuroticism it gets a 
star shape, regardless of the levels of its 
other factor levels. If an agent does not 
have high neuroticism, but has high ex-
traversion, it gets a circle shape and so 
on. This is because first neuroticism and 
then extraversion have been reported to 
have the most impact on the personal-

ity of an individual (Brocklebank et al., 
2011).

In addition to the personality 
factors, each agent also has a panic level 
which is initially set to 0 but increas-
es by 0.1 for every 10 ticks of the sim-
ulation. This is to mimic the situation 
getting more dire as time passes. If an 
agent’s panic level exceeds 0.8 it chang-
es color to red, regardless of the group 
it belongs to.

The following table gives the spe-
cific personality-based behaviors of the 
agents, depending on the high level of a 
single factor.

Table 2: High Single FFM Factor Level Behavior

FFM Factor Level High
Openness According to Nettle (2006), these individuals are open to seeking out more 

options and exploring, so if panic level is high this type of agent deduces 
that a second door must exist and targets that door

Extraversion Nettle (2006) states that these individuals can emerge as leaders; during 
start up, if leaders are allowed, high Extraversion agents ask surrounding 
agents to become their leader; leaders share information about a second 
door if they have it and also calm people and thus lower panic levels (Pan 
et al., 2006)

Neuroticism These individuals are easier to stress and panic (Nettle, 2006), so they start 
out at a higher initial panic level of 0.2

Aside from the single personality 
factor behaviors above, the model also 
implements two multi-factor behaviors 
as described by Ben-Ner and Kramer 
(2011). These are described in Table 3 
below.

All agents share information 
about the second door with neighbor-
ing patches as they leave the simulation 

1 In this case Japan was chosen as it provided a larger number of agents with low altruism

so that others can become aware of the 
second door and can follow.

4. Models Runs and Discussion

Several different model runs were 
made to evaluate both qualita-
tive and quantitative results with 

a single country1 and then with multi-
ple countries. The observed behavior 
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fell into the two categories of expected 
and emergent behavior. The obvious 
expected behavior found in the simula-
tions which is not discussed in detail in 
this paper was the decrease in evacua-
tion times and collisions/injuries when 
two doors are used rather than one, and 
when larger size doors are used. 

While the model allows for 
different numbers of occupants, all the 
results discussed below involved 500 
occupants in order to stress the model 
and result in more interesting and 
meaningful behaviors.

Queueing Behavior

In several runs, it was observed that 
queues emerged as agents waited their 

turn to exit. Figure 3 above shows an ex-
ample of this queueing marked in red. 

Blocking Behavior

Another emergent behavior that was 
noticed in runs with a second door pres-
ent was a distinct blocking behavior. 
Those agents that were not aware of the 
second door tended to block those that 
were aware and wanted to exit through 
that second door, creating clusters of 
agents as the agents try to get past each 
other in their preferred direction of 
movement. Figure 4 below shows the 
behaviors at tick 38 of the agents when 
a percentage of agents knows about the 
second door (the percentages are 25%, 
50%, and 75% in panels (a), (b), and (c) 
respectively). 

Table 3: Multi-Factor Behavior and Contributing Factors

Multi-factor Behavior Contributing Factors
Altruism is low (tend to push into an-
other agent's patch, regardless of panic 
level)

These individuals are low on neuroticism, ex-
traversion and conscientiousness, and high on 
agreeableness (Ben-Ner & Kramer, 2011)

Altruism is high (wait a turn occasional-
ly, regardless of panic level)

The individuals score high on neuroticism and 
extraversion and low on conscientiousness and 
agreeableness (Ben-Ner & Kramer, 2011)

Figure 3: Emergent queueing behavior.
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As expected, the blocking be-
havior decreases as more agents know 
about the existence of the second door. 
With higher percentages, e.g. 75% and 
100% there is also a quick separation of 
the two groups trying to exit through 
the two doors.

When leaders were added in the 
scenarios in Figure 4 above, it was ob-
served that the blocking behavior was 
less pronounced and occurred earli-

er in the evacuation. Figure 5 below 
shows the behaviors at tick 17 of the 
agents when the percentages are 25%, 
50%, and 75% (panels (a), (b), and (c) 
respectively). This is not entirely unex-
pected behavior, as leaders disseminate 
information about the second door and 
therefore enable additional agents to 
exit through that door. This also enables 
some “herding/following” behavior as 
described in the literature (Helbing et 
al., 2000).

Figure 4: Emergent blocking behavior with different percentages of agents that 
know about the second door. (a) 25%; (b) 50%; (c) 75%.

Figure 5: Blocking behavior with leaders.

Effect of Knowledge of 
Second Door and Leaders

Since leaders clearly had a positive 
effect on evacuation, two sets of runs 

were made with the knowledge of the 
second door percentage set at 10%, 
25%, 50%, 75%, and 100%, one set 
with no leader and one set with lead-
ers. The results are in Table 4 and Table 
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5.2 In general, it was observed as ex-
pected that as the percent of agents 
that know about the second door in-
creases, the number exiting through 
that second door increases, and the 
average evacuation time goes down for 
both the doors. Similar outcomes were 
observed for the maximum panic lev-
el (the highest panic level of any one 
agent), as it went down with increasing 
knowledge of the second door. Also 
as expected, the evacuation times are 
lower when leaders are present. Lead-
ers also have the expected calming ef-
fect by ameliorating the panic levels in 
their group and thereby resulting in 
fewer potential collision situations. 

What is a little surprising is the 
smaller number of agents using the top 

2 AltruismEffect? Is off and the LeaderCalmingEffect% was set at 50%

door (243 versus 249) when leaders are 
present in a full knowledge situation, 
as Figure 6 below shows. When fewer 
people know about the second door, 
leaders have a more positive effect but 
only at less than full knowledge of sec-
ond door levels, as leaders poll those 
around them and then inform their 
groups of the second door. When there 
is full knowledge of the second door, 
leaders do not add that information val-
ue, although they do help to maintain 
lower panic levels and are able to help 
the agents evacuate faster (see Table 5 
above). In fact, in a situation with full 
knowledge of the second door, leaders 
may also be changing the target door of 
choice for their followers, leading them 
to a more distant door. 

Table 4: Varying Knowledge About Second Door Without Leaders

Table 5: Varying Knowledge About Second Door With Leaders

Percent 
Know about 
Second Door

Collisions 
Avoided

Collisions 
Occurred

Bottom 
Door 
Evac

Avg Evac 
Time Bottom 
Door

Top Door 
Evac

Avg Evac 
Time Top 
Door

Max 
Panic 
Level

10 16,418 424 427 57.27 73 (14.6%) 44.97 1
25 14,660 223 400 52 100 (20%) 38.39 1
50 11,699 37 350 44.4 150 (30%) 31.9 1
75 8,659 0 292 36.1 208 (41.6%) 28.17 0.8

100 8,672 0 251 32.27 249 (49.8%) 31.19 0.8

Percent 
Know about 
Second Door

Collisions 
Avoided

Collisions 
Occurred

Bottom 
Door 
Evac

Avg Evac 
Time Bottom 
Door

Top Door 
Evac

Avg Evac 
Time Top 
Door

Max 
Panic 
Level

10 10,837 18 410 45.58 90 (18%) 13.02 1
25 9,425 0 385 42.46 115 (23%) 15.03 0.9
50 7,759 0 325 37.14 175 (35%) 20.41 0.9
75 7,010 0 273 30.71 227 (45.4%) 25.44 0.6

100 6,720 0 257 28.72 243 (48.6%) 23.61 0.8
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Effect of Altruism

Runs similar to those in Table 4 and 
Table 5 were made but with the Altru-
ismEffect? set to true. Recall that the 
effect of altruism is such that agents 
with high altruism (two standard devi-
ations or more higher than the mean) 
allow others ahead of themselves, while 

those with low altruism (two standard 
deviations or more less than the mean) 
do not. In fact, those with low altruism 
push onto other agents’ patches. The 
percent that know the second door was 
fixed at 50% for these runs. For the sce-
nario used in these runs, the number 
of agents with High Altruism was three 
and Low Altruism was eighty-four.

Figure 6: Comparison of percent evacuating through Top Door with and without leaders.

Table 6: Effects of Altruism and Leaders

Altruism 
Effect?

Leaders? Collisions 
Avoided

Collisions 
Occurred

Bottom 
Door 
Evac

Avg Evac 
Time Bottom 
Door

Top Door 
Evac

Avg Evac 
Time Top 
Door

Max 
Panic 
Level

False False 11,699 37 350 44.4 150 (30%) 31.9 1
True False 10,389 1080 358 45.19 142 (28.4%) 29.84 1
False True 7,759 0 325 37.14 175 (35%) 20.41 0.9
True True 7,416 789 327 40.87 173 (34.6%) 17.05 0.9

The runs in Table 6 above show 
that as expected when the altruism effect 
is on, there are more collisions (1,080 
and 789 in rows 2 and 4 respectively), 
which can be thought of as injuries. This 
is because of the relatively large number 

of agents with low altruism levels in this 
scenario. Having leaders reduces the 
number of collisions (789), although it 
does not eliminate them. The result of 
more collisions can be seen to increase 
the evacuation time sometimes, bottom 
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door (45.19 versus 44.4 in row 2 versus 
row 1). This is due to the fact that some 
agents who are following the rules get 
blocked as someone else gets into their 
space and cuts them off. This same effect 
can be seen in row 4 versus row 3, where 
the increase in average evacuation time 
for the bottom door (40.87 versus 
37.14) is accompanied by a decrease in 
the average evacuation time for the top 
door (17.05 versus 20.41). 

In the run described in row 2 
of Table 6 above, it was observed that 
the low altruism led to some trampling 
behavior where some agents are trapped 
at the bottom wall near the bottom door 
(see Figure 7 below). This is similar to 
the “turbulent” dynamics described by 
Helbing et al. (2007), an effect that was 
observed to be somewhat ameliorated 
by the presence of leaders in the run 
shown in row 4 of Table 6 above.

Figure 7: Trampling effects due to low altruism.

Another set of runs involved 
using different countries’ data to set 
up different numbers of high and low 
altruism agents. To provide better con-
trol in the simulations, these runs were 
made without the effect of leaders, as 
high extraversion individuals that serve 

as leaders can also vary by country/
population. Table 7 below shows the 
results. It can be seen that higher num-
ber of low altruism agents leads to more 
collisions/injuries which are the cost of 
an overall faster evacuation time, this is 
expected.

Table 7: Different High and Low Altruism Levels without Leaders

High 
Altruism

Low 
Altruism

Number 
of Leaders

Collisions 
Avoided

Collisions 
Occurred

Avg Evac 
Time Bottom 
Door

Avg Evac 
Time Top 
Door

Max 
Panic 
Level

3 84 0 10,389 1,080 45.19 29.84 1
9 9 0 12,749 245 48.49 31.23 1

21 11 0 12,599 261 49.21 28.34 1
16 9 0 11,660 187 47.46 24.36 1
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The runs in Table 7 were 
repeated, but this time with leaders 
allowed. The ameliorative effects of 
leaders in reducing collisions/injuries 

and the panic levels can be seen in the 
lower number of collisions and faster 
evacuation times in Table 8 below.

Table 8: Different High and Low Altruism Levels with Leaders (Random Seed 100)

High 
Altruism

Low 
Altruism

Number 
of Leaders

Collisions 
Avoided

Collisions 
Occurred

Avg Evac 
Time Bottom 
Door

Avg Evac 
Time Top 
Door

Max 
Panic 
Level

3 84 34 7,416 789 40.87 17.05 0.9
9 9 12 8,935 93 41.69 19.08 1

21 11 13 10,506 122 43.11 26.56 1
9 13 16 9,071 87 41.64 19.58 1

5. Conclusions and Next Steps

This paper set out to build and ex-
plore a room evacuation model 
based on the Five Factor Mod-

el (FFM), also known as the “Big 5”. 
This is a first model of its kind. It used 
multi-country survey data, FFM the-
ories and empirical evidence about 
human behavior in panic/disaster situ-
ations to explore their impact on a pe-
destrian evacuation model for a room. 
The FFM survey data from several dif-
ferent countries was used to set up the 
initial scenario that yielded a different 
mix of personalities. Running the mod-
el under different values of parameters 
such as presence/absence of a second 
door, having leaders or not, altruism ef-
fect or not allowed us to assess and ana-
lyze the various impacts.

Hundreds of model runs with 
different random seeds were made 
and analyzed, with a few dozen being 
selected for discussion in this paper. 
These runs showed emergent queueing, 
blocking, and trampling/turbulent be-

haviors which are often also seen in real 
life scenarios. It was found, not unex-
pectedly, that two versus one door and 
larger door size led to decreases in evac-
uation times and collisions. It was also 
found that leadership had a positive im-
pact on reducing collisions/injuries and 
decreasing evacuation times because of 
the calming impact and information 
dissemination by leaders. In addition, 
it was observed that the effect of lead-
ership with respect to evacuation times 
decreased as the knowledge of the exis-
tence of the second door increased. The 
positive effect of leadership in reducing 
collisions/injuries in scenarios with low 
altruism was also seen along with emer-
gent negative effects of leadership in a 
full knowledge environment.

By building this model, we have 
shown that an evacuation model based 
on the FFM and other empirical person-
ality research can be built and can pro-
duce not only the behaviors seen in real 
life scenarios, but also allow exploration 
of the interactions between the differ-
ent personality factors. Our framework 
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could be expanded to include the mod-
eling of different occupational roles 
such as policemen/public-safety offi-
cers, nurses/doctors, fire-fighters, and 
other highly trained/highly-altruistic 
individuals that have been known to 
behave very differently from the general 
public in a disaster situation (Johnson, 
1987). Other expansions to the model 
could include disabling of certain agents 
due to too many collisions, depending 
on their body size/mass which could be 
derived from empirical population dis-
tributions, and adding running as de-
scribed by Moussaïd et al. (2016).

The above described approach 
of modeling personality could also be 
combined with existing and new re-
search on the impact of inheritability 
and environment on personality traits 
such as (Bouchard, 2004), and used to 
forecast various possible future eco-
nomic scenarios and voting trends. Our 
plan is to take this research model and 
apply it to a financial markets scenario, 
where in a manner similar to the evac-
uation model discussed above, person-
ality also guides/constrains behavior 
along with interactions with the mar-
kets and peers.
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Abstract

Federal and state policymakers face a host of challenges, such as 
balancing budgetary constraints, managing risk and uncertainty, 
and anticipating the response of other stakeholders and affected 
populations. In the healthcare domain, stimulating private sector 
investment in biomedical innovation by providing appropriate 
market incentives has been recognized as a promising approach 
to improving health outcomes, if the above challenges can be ade-
quately addressed.

In this paper, we present the PIC (Prediction, Interaction, Compu-
tation) framework and an accompanying methodology for multi-
ple-criteria decision-making. We then demonstrate an application 
to the biomedical innovation domain by prototyping a system that 
we call DATSBI (Decision Analysis Tool for Stimulating Biomed-
ical Innovation). By combining automation with feedback solic-
ited from DATSBI users, the DATSBI system is designed to help 
decision-makers choose a combination of policies and budget al-
locations that best achieves a desired set of outcomes, including 
reduced disease burden, reduced healthcare costs, and increased 
industry net present value. Although the DATSBI system is tailored 
to the context of biomedical innovation, our framework and meth-
odology are more general and could be applied to multiple-criteria 
decision-making in a wide variety of domains.

Keywords: multiple criteria; multi-objective, optimization; model-
ing and simulation; complex systems; medical attention; medical 
attention; politics; biomedical; innovation
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Una metodología predictiva, interactiva y computacional 
para la toma de decisiones de múltiples criterios, con 
aplicación para estimular la innovación biomédica

Resumen

Los formuladores de políticas federales y estatales enfrentan una 
serie de desafíos, como equilibrar las restricciones presupuestarias, 
gestionar el riesgo y la incertidumbre, y anticipar la respuesta de 
otras partes interesadas y poblaciones afectadas. En el ámbito de 
la atención médica, el estímulo de la inversión del sector privado 
en innovación biomédica al proporcionar incentivos de mercado 
apropiados se ha reconocido como un enfoque prometedor para 
mejorar los resultados de salud, si los desafíos anteriores pueden 
abordarse adecuadamente. En este artículo, presentamos el marco 
PIC (Predicción, Interacción, Computación) y una metodología 
que lo acompaña para la toma de decisiones con criterios múltiples. 
Luego demostramos una aplicación al dominio de la innovación 
biomédica mediante la creación de prototipos de un sistema que 
llamamos DATSBI (herramienta de análisis de decisiones para es-
timular la innovación biomédica). Al combinar la automatización 
con la retroalimentación solicitada a los usuarios de DATSBI, el 
sistema DATSBI está diseñado para ayudar a los tomadores de de-
cisiones a elegir una combinación de políticas y asignaciones pre-
supuestarias que mejor logren un conjunto deseado de resultados, 
incluida la reducción de la carga de la enfermedad, la reducción de 
los costos de atención médica y el aumento de la red de la industria. 
valor presente. Aunque el sistema DATSBI se adapta al contexto de 
la innovación biomédica, nuestro marco y metodología son más 
generales y podrían aplicarse a la toma de decisiones de criterios 
múltiples en una amplia variedad de dominios.

Palabras clave: criterios múltiples; multiobjetivo, optimización; 
modelado y simulación; sistemas complejos; atención médica; 
atención médica; política; biomédico; innovación.
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一项针对多准则决策的预测性、互动性、计
算性方法论，并应用于模拟生物医学创新

摘要

联邦决策者与各州决策者面临大量挑战，例如平衡预算限
制、管理风险与不确定性、预测其他利益攸关方及受影响人
口的响应。在医疗卫生领域，通过提供适宜的市场激励刺激
私人部门对生物医学创新进行投资一事已被认为是一项提升
卫生结果的有效方法，如果上述挑战能被充分解决的话。本
文中，我们提出PIC（预测、互动、计算）框架及一项用于
多准则决策的方法。我们随后通过创造一个名为DATSBI（模
拟生物医学创新的决策分析工具）的系统，证明了一项生物
医学创新应用。通过将自动化与DATSBI用户提供的反馈进行
合并，DATSBI系统旨在帮助决策者将政策与预算分配进行合
并选择，以最佳地实现所希望的结果，包括减少疾病压力、
减少医疗成本、增加产业净现值。尽管DATSBI系统以生物医
学创新为背景，但我们提出的框架和方法论却更具一般性，
能被应用于不同领域中的多准则决策。

关键词：多准则，多目标，优化，建模与模拟，复杂系统，
医疗卫生，医疗，政策，生物医学，创新

1. Introduction

1.1. Motivation

Multiple-criteria decision- 
making is essential and in-
herent to the effective oper- 

ation of many organizations. Decision- 
makers often implicitly, if not explicit-
ly, attempt to simultaneously balance 
multiple competing requirements and 
goals, or objectives. Recent reports from 
the International Society for Pharma-
coeconomics and Outcomes Research 
(ISPOR) emphasize the need for more 
rigorous methodologies to support 

healthcare decision-making (Thokala et 
al. 2016; Marsh et al. 2016). According 
to the reports, multiple-criteria deci-
sion analysis “can help increase the con-
sistency, transparency, and legitimacy 
of decisions.”

The biomedical innovation eco-
system—that is, the entities comprising, 
influencing, and influenced by the bio-
medical innovation pipeline, and the 
relationships between them—can be 
considered a complex adaptive system, 
characterized by complex and nonlin-
ear interactions and interdependen-
cies. Biomedical innovation can also be 
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viewed as part of the broader complex 
system of innovation, patents, and tech-
nological change (Fleming & Sorenson, 
2001). Government policies shift with 
new administrations or changes in bud-
get, and policies of different govern-
ment agencies affect one another. For 
example, NIH research funding and the 
FDA approval process may influence 
drug development, which will in turn 
affect disease prevalence and health 
outcomes, which are relevant to HHS, 
as well as healthcare costs, which are 
relevant to CMS. The response of phar-
maceutical companies and private in-
vestors to changes in government fund-
ing and incentives is difficult to predict, 
and the magnitude of their response 
may not be proportional to the mag-
nitude of policy change. This inherent 
uncertainty and unpredictability of the 
outcomes of potential policy decisions 
makes decision-making particularly 
challenging.

Even if the relationships between 
policy decisions and outcomes could 
be determined, identifying an optimal 
solution—that is, a set of policy deci-
sions that results in the best possible 
outcomes—may be computationally 
infeasible because there are too many 
possible policy combinations to consid-
er exhaustively.

To further exacerbate the prob-
lem, the presence of multiple compet-
ing objectives, e.g., representing the 
priorities and perspectives of different 
stakeholders, often makes it impossible 
to find a solution that is optimal for all 
objectives simultaneously. This requires 
decision-makers to make subjective 
trade-off decisions, which presents a 

problem when attempting to automate 
the decision-making process.

To summarize, the task of mul-
tiple-criteria decision-making with re-
gard to the biomedical innovation pipe-
line poses many challenges, including:

•	 Risk and uncertainty: Difficult to 
predict private sector response to 
new policies, the outcome of re-
search or clinical trials for new 
drugs, how widely they will be ad-
opted if successful, the future pres-
ence of competing drugs or tech-
nologies, or the resulting health 
outcomes;

•	 Complexity of domain: Complex 
interactions between entities, inter-
dependencies in their behavior, and 
nonlinear relationships between in-
put parameters and outcomes;

•	 Subjectivity: In multiple-criteria 
decision-making, there is often no 
single solution which is optimal 
with respect to all objectives, thus 
requiring subjective trade-off deci-
sions; and

•	 Computational intractability: The 
decision space is too large to search 
exhaustively.

We present a framework and 
methodology which aim to address 
these challenges.

1.2. Related Work

Herbert Simon (1956) coined the term 
“satisficing” to describe practical deci-
sion-making in which an optimal deci-
sion cannot be determined—for exam-
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ple, due to computational intractability, 
a lack of information, or non-existence 
of a decision that is optimal with re-
spect to all objectives — and therefore a 
decision satisfying at least certain mini-
mum requirements must suffice.

Multiple-criteria decision-mak-
ing is often formalized as a multi-objec-
tive optimization problem, in which the 
goal is to optimize multiple objectives 
simultaneously. A common require-
ment for multi-objective optimization 
is that solutions be Pareto-optimal—
that is, no objective can be improved 
without making at least one other ob-
jective worse—otherwise a different 
solution exists that is at least as good on 
all accounts and better on some, which 
would be strictly preferred over the 
proposed solution.

Hwang and Masud (1979) iden-
tify four classes of multi-objective op-
timization methods: no-preference, 
a priori, a posteriori, and interactive. 
In no-preference methods, a decision 
is made without any human involve-
ment. In a priori methods, a human de-
cision-maker specifies their priorities 
among the objectives, after which an 
automated decision is made. In a poste-
riori methods, a set of possible options 
is computed, after which a human de-
cision-maker chooses between them. 
In interactive methods, an automated 
decision is computed and proposed to 
the decision-maker, the decision-mak-
er provides feedback, and the process is 
repeated, incorporating the feedback, 
until the decision-maker is satisfied or 
no further improvements can be made.

A priori methods often involve 
scalarization, defining a single com-

bined objective as a function of the 
other objectives, sometimes referred to 
as the preference function, which could 
then be optimized using standard opti-
mization techniques. A common exam-
ple is linear scalarization, in which the 
decision-maker assigns weights to the 
objectives, and then single-objective 
optimization is performed over the cor-
responding linear combination of the 
objective functions. However, specify-
ing parameters of a mathematical func-
tion may not be an intuitive task for a 
human decision-maker (Chajewska, 
Koller, & Parr 2000). Zionts and Walle-
nius (1976) suggest a hybrid approach 
in which human interaction is used to 
infer parameters of the preference func-
tion. The decision-maker is presented 
with pairs of possible decisions, and for 
each is asked to indicate which of the 
pair would be their preferred choice, or 
if the two options are equally preferred.

Thapar et al. (2012) propose an 
a posteriori method that uses genet-
ic algorithms to generate a diverse set 
of candidate solutions. Each member 
of the population represents a setting 
of the input parameters, and specific 
mechanisms are employed to ensure di-
versity within the population as succes-
sive generations evolve to better achieve 
the desired objectives.

Nakayama and Sawaragi (1984) 
propose the Satisficing Trade-Off Meth- 
od, an interactive method in which, 
during each iteration, the decision-mak-
er is presented with a proposed solution 
and must indicate whether each objec-
tive should be improved, could be re-
laxed, or is acceptable at its proposed 
value.
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1.3. Contributions and Outline

We propose the PIC (Prediction, In-
teraction, Computation) framework 
and an accompanying methodology 
for multiple-criteria decision-making 
based on satisficing. We then demon-
strate how our methodology could be 
applied to the biomedical innovation 
domain by prototyping a system that 
we call DATSBI (Decision Analysis 
Tool for Stimulating Biomedical Inno-
vation). The result is an interactive sys-
tem designed to help decision-makers 
choose a combination of policies and 
budget allocations that best incentivize 
private sector biomedical innovation 
in order to achieve a desired set of out-
comes, which may include a reduction 
in the national disease burden, reduced 
healthcare costs, increases in indus-
try profit, and improved clinical trial 
quality (Platt et al., 2020). Although 
we describe the system in the context 
of biomedical innovation, our frame-
work and methodology are much more 
general and could be applied to a wide 
variety of domains that call for multi-
ple-criteria decision-making.

The DATSBI system has a unique 
set of features designed to address the 
challenges described in Section 1.1, in-
cluding:

•	 Uses a predictive model of the 
biomedical innovation ecosystem 
to anticipate the impact of policy 
decisions,

•	 Seeks a Pareto-optimal solution 
that achieves at least a satisfactory 
outcome for each objective, and

•	 Uses an interactive and intuitive 
human-computer interface that 
leverages feedback from a human 
decision-maker to learn preferenc-
es and more effectively traverse the 
solution space.

Section  2 presents our frame-
work and methodology. Section  3 de-
scribes an application of our framework 
and methodology to the biomedical in-
novation domain, including: a hybrid 
predictive model that integrates existing 
models of several different aspects of 
the biomedical innovation ecosystem; 
a user interface that provides visual-
izations and solicits user feedback; and 
a collection of algorithms to facilitate 
preference elicitation and multi-objec-
tive optimization. Section  4 concludes 
with discussion about the potential im-
pact of our approach, as well as exten-
sions and directions for future work.

2. Methods

2.1. The PIC Framework

The essence of the PIC framework 
is the interplay between three 
components that aid in the de-

cision-making process: prediction, in-
teraction, and computation. The PIC 
framework is illustrated in Figure 1.

“Prediction” refers to a predic-
tive model that, given the current state 
of the world and a proposed decision, 
returns a projected state of the world or 
distribution over possible states after a 
period of time. For example, this could 
involve agent-based simulation, statisti-
cal models, or a combination of the two.
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“Interaction” refers to a user in-
terface, which allows decision-makers 
to interact with the predictive and com-
putational components of the frame-
work. Users could be prompted to input 
data, objectives, constraints, or prefer-
ences. They could be provided with out-
put such as visual or tabular representa-
tions of recommended decision choices 
or predicted outcomes. They could even 
be prompted for feedback on proposed 
solutions or intermediate results.

“Computation” refers to a collec-
tion of algorithms and computational 
methods to facilitate automation in the 
decision-making process. For example, 
this component may include methods 
of statistical inference, machine learn-
ing, or optimization. These methods 
may support the predictive model or 
interplay directly with user input or 
feedback.

We describe a methodology for 
multiple-criteria decision-making fol-
lowing the PIC framework in detail be-
low, yet first we provide necessary defi-
nitions and notation.

2.2. Definitions and Notation

In multiple-criteria decision-making, a 
decision-maker chooses a strategy from 
a set of possible strategies based on a set 
of criteria. For example, in the context 
of stimulating biomedical innovation, a 
strategy may consist of a collection of 
policy choices and budget allocations. 
Formally, we represent a strategy as a 
vector x = (x1,…, xn) corresponding to 
the values of n strategy variables, each of 
which may be categorical (e.g., one out 
of fixed set of policy options) or con-
tinuous (e.g., the budget allocated for a 
specific program, in dollars). We let Χ 
denote the set of all strategies.

To compare mathematically the 
impact of different strategy choices, we 
seek a quantitative way of describing the 
state of the world under each hypothet-
ical scenario. Formally, we represent 
a state as a vector y = (y1,…,ym) corre-
sponding to the values of m state vari-
ables, each capturing some observable 
quantity of the world (e.g. money spent 
on a particular program, or deaths in a 
given year from a given disease among 
a given sub-population).

Figure 1: The PIC framework.
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One component of the PIC 
framework is a predictive model, which 
may include a set of model parameters 
α=α1,…,αl corresponding to known or 
estimated quantities (e.g., the average 
cost or time to run a Phase II clini-
cal trial, the average rate of spread for 
a particular infectious disease, or the 
duration of time to simulate). Formal-
ly, we represent a predictive model as a 
parameterized function M with param-
eters α that takes as input a strategy and 
produces as output the state y that it 
predicts would result if strategy x were 
implemented. We denote this as Mα(x) 
= y.

In this work, decision-making 
criteria are specified as a set of objective 
functions F1,…,Fk  each measuring the 
degree of success with which a desired 
outcome is achieved for a given strategy 
and its predicted state. For example, an 
objective function could simply return 
the value of a single strategy or state 
variable (e.g., total budget, or net indus-
try profit), or it could be more sophis-
ticated (e.g., the entropy over budget 
allocations across demographic groups, 
indicating how evenly the funding is 
distributed). Formally, each objective 
function Fi takes as input a strategy x 
and a state y and produces as output a 
real-valued number zi. We denote this 
as Fi(x,y) = zi. Without loss of generality, 
we assume that higher values are more 
desirable (otherwise, take the negation).

Collectively, we refer to the 
vector of objective function values z 
= (z1,…, zk) corresponding to a given 
strategy and its predicted state as the 
outcome profile for that strategy. Giv-
en a predictive model Mα and a set of 

objective functions F1,…Fk, we describe 
the outcome profile for strategy  as the 
result of a vector function . For simplic-
ity, we may write F(x) = (F1(x),…,Fk(x)) 
when M and α are clear from context.

For two outcome profiles z and 
zʹ, z is said to dominate zʹ if z is at least 
as good as zʹ on all objective functions, 
and strictly better on at least one of 
them. Given a predictive model Mα for 
two strategies x, xʹ ∈ X, x dominates 
xʹ under Mα if its outcome profile F(x) 
dominates F(xʹ). A strategy x ∈ X is said 
to be Pareto-optimal if there is no other 
strategy xʹ ∈ X such that xʹ dominates x. 
A two-objective example of Pareto-op-
timal strategies is shown in Figure 2.

For each objective, the deci-
sion-maker may have in mind an ob-
jective threshold value that is required 
to minimally satisfy the objective. For-
mally, we represent this as a vector θ = 
(θ1,…, θk), corresponding to the k ob-
jective functions. An outcome profile z 
is said to be satisficing if it satisfies all 
objectives, i.e. (Ɐi) zi = θi. Given a pre-
dictive model Mα, a strategy x ∈ X is said 
to be satisficing under Mα if its outcome 
profile F(x) is satisficing. Let  denote the 
set of all satisficing strategies under Mα, 
a subset of X. For simplicity of notation, 
we may write S instead of when M and 
α are clear from context.

Given a predictive model Mα 
and an objective function Fi, a normal-
ized objective function  maps satisficing 
strategies x ∈ S to values in [0,1], in-
creasing monotonically with Fi(x). We 
refer to the result of the vector function   
as the normalized outcome profile for 
strategy x.
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A preference function Hpref maps 
satisficing strategies x ∈ S to values in 
[0,1], such that x dominates xʹ ⇒ Hpref(x) 
≥ Hpref(xʹ).

2.3. Methodology

We now present a methodology based 
on the PIC framework—that is, in-
cluding predictive, interactive, and 
computational components—for mul-
tiple-criteria decision-making. Our 
methodology consists of a sequence of 
procedures designed to assist a deci-
sion-maker or decision-making team 
(the “user”) in selecting a satisficing 
strategy to a multi-objective optimiza-
tion task in accordance with the user’s 
preferences. We assume for the purpos-
es of this paper that the user represents 
the combined needs and preferences of 
all stakeholders in the decision-making 
process; this situation could, for exam-
ple, be implemented via consensus vot-
ing for each user prompt.

Our methodology has four main 
steps:

1. Objective function normalization: 
Define a normalized objective func-
tion for each objective,

2. Preference elicitation: Define a pref-
erence function over the strategy 
space,

3. Strategy selection: Select a satisfic-
ing strategy based on user prefer-
ences, and

4. Strategy refinement: Allow the 
user to refine the strategy via small 
perturbations.

Key features of our methodology in-
clude:

•	 Incorporates a priori, a posteri-
ori, and interactive methods for 
multi-objective optimization,

•	 Uses interactive algorithms with an 
intuitive human-computer inter-
face to infer user preferences, and

•	 Simultaneously balances multiple 
competing objectives by returning 
a Pareto-optimal strategy while sat- 

Figure 2: A two-objective example of Pareto-optimal strategies. 
None of those strategies are dominated by any other strategy.
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isfying user-specified minimum 
constraints.

The high-level workflow is il-
lustrated in Figure 3. The technical de-

tails are described in greater depth as 
the computational component of our 
methodology (see Section 3.3).

Figure 3: High-level overview of our methodology, indicating which 
components of the PIC framework are represented in each step.

3. Application to 
Biomedical Innovation

We now describe one possi-
ble application of the PIC 
framework and methodol-

ogy to the biomedical innovation do-
main. In particular, we provide a proto-
type for an interactive system, DATSBI 
(Decision Analysis Tool for Stimulat-
ing Biomedical Innovation), designed 
to help policy decision-makers decide 
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on a combination of policies that best 
incentivizes private sector biomedical 
innovation in order to achieve a satis-
factory set of outcomes, which may in-
clude reductions in Disability-Adjusted 
Life Years (DALYs), healthcare cost sav-
ings, increases in industry Net Present 
Value (NPV), and improved clinical tri-
al quality. We address each of the three 
components of the PIC framework be-
low: Prediction, Interaction, and Com-
putation.

3.1. Prediction: The Simulation 
Model

DATSBI takes a hybrid approach for the 
prediction component, using a combi-
nation of stochastic models, discrete 
event simulation, Monte Carlo meth-
ods, and other techniques to predict 
the likely impact of potential policy de-
cisions on the state of the world, cap-
tured by the state variables. The model 
is seeded with a set of model parame-
ters, which represent fixed quantities 
that may either be specified by the user 
or estimated from data.

Our simulation model integrates 
several distinct sub-models, each com-
prised of multiple components: a Policy 
and Budget model, a Private Sector Re-
sponse model, an Innovation Develop-
ment Process model, and a Population 
and Disease model. Each sub-model 
simulates a key aspect of the biomedical 
innovation ecosystem. By taking such 
a modular approach, individual model 
components can be substituted with in-
creasingly complex and accurate mod-
els without reconfiguring or re-imple-
menting the other components. While 

most of the sub-models and compo-
nents are motivated by or borrowed 
from existing literature, our integration 
of the models provides a novel, holis-
tic approach to analyzing the effects of 
policy change on the biomedical inno-
vation ecosystem.

Because there are complex inter-
dependencies between the models and 
within each model, a small change early 
in the simulation could have a dispro-
portionate effect on future outcomes, 
which makes it challenging to extract 
accurate predictions. We address this 
issue by using Monte Carlo methods, in 
which many independent simulations 
are run, each following its own chain of 
dependencies, and then the overall re-
sults are aggregated to yield a distribu-
tion over likely outcomes.

3.1.1. Policy and Budget Model

Since we have defined a strategy as a 
collection of policy decisions and bud-
get allocations, the Policy and Budget 
(P&B) model defines the search space—
the range of possible strategies that are 
being considered. A strategy is speci-
fied as a set of (categorical and/or con-
tinuous) strategy variables that drive 
the behavior of the simulation, which 
may include: NIH budget allocations by 
condition, requirements for clinical tri-
als or other phases of the development 
process, which conditions have priority 
FDA reviews and/or FDA-CMS parallel 
reviews, cost reimbursements and their 
eligibility criteria, and private challenge 
prizes or grants and their eligibility cri-
teria. Model parameters may include: 
the total NIH budget, and limits on how 
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many conditions can receive priority 
and/or parallel reviews.

The total NIH budget and NIH 
budget allocations influence the amount 
of basic and applied research performed 
for a given disease. Higher budget allo-
cations for a specific disease results in 
more research and, consequently, a like-
ly increase in successful innovations en-
tering the market for that disease. Phase 
requirements, such as quality standards 
for clinical trials, affect the money and 
time required to develop biomedical 
innovations, as well as the quantity and 
average effectiveness of innovations 
that progress through the pipeline. Pri-
ority reviews and FDA-CMS parallel 
reviews are specific policies that reduce 
the time required for an innovation to 
pass through the FDA and CMS review 
stages of the development process. Cost 
reimbursements and private challenge 
prizes or grants are policies that can 
help promote innovations for diseases 
that do not typically attract private in-
dustry interest.

3.1.2. Private Sector Response Model

The Private Sector Response (PSR) 
model simulates how the private sec-
tor changes its investment behavior in 
response to policy changes. Although 
private sector investment behavior is 
highly complex, the PSR model can 
approximate it using projections of net 
present value (NPV) to calculate the 
risk for each innovation, adjusted for 
market competition, which are used to 
make go/no-go decisions.

NPV is calculated based on the 
expected profits, potential cash flow 

from cost reimbursements and chal-
lenge prizes or grants, and the costs and 
time required for development. Prof-
its can be adjusted for the presence of 
competition by reducing the potential 
obtainable market share based on the 
number of competitors. The standard 
calculation of NPV is as follows:

Where N denotes the total number of 
time periods, i denotes the discount 
rate, and Rt denotes the cash flow for 
time period t. N is a user-specified pa-
rameter, and i can either be specified by 
the user or inferred from data. Potential 
investments with the highest projected 
NPVs are pursued, and those with low-
er NPVs are discontinued.

3.1.3. Innovation Development 
Process Model

The Innovation Development Process 
(IDP) model simulates the progression 
of biomedical innovations through the 
various stages of the development pro-
cess. While the exact development pro-
cess an innovation undergoes depends 
on the innovation type and targeted 
disease, the development process for 
many innovations can be represented 
or approximated by the following stag-
es: Basic Research, Basic Research Gap, 
Applied/Targeted Research, Applied/
Targeted Research Gap, Preclinical Re-
search, Preclinical Research Gap, Clin-
ical Trial Phase I, Clinical Trial Phase 
I Gap, Clinical Trial Phase II, Clinical 
Trial Phase II Gap, Clinical Trial Phase 
III, Clinical Trial Phase III Gap, FDA 

 

𝑁𝑁𝑃𝑃𝑉𝑉 𝑖𝑖,𝑁𝑁 = 𝑅𝑅𝑡𝑡
 1 + 𝑖𝑖 𝑡𝑡

𝑁𝑁

𝑡𝑡=0
 , 
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Approval, FDA Approval Gap, CMS 
Approval, Post-Market, and Post-Pat-
ent, illustrated in Figure  4. Model pa-
rameters may include: the average or 

distribution of phase costs and dura-
tions, and the probability of success for 
each phase.

Figure 4. A typical innovation development process.

The DATSBI system uses discrete 
event simulation coupled with a Mar-
kov model corresponding to the stages 
listed above to model the development 
of biomedical innovations. New inno-
vations are introduced into the pipeline 
at the Basic Research stage based on the 
budget allocation. Each innovation re-
sides in each stage for some amount of 
time and then either fails or transitions 
to the next stage in the development 
process, with stage residence times and 
transition probabilities derived from 
literature and industry sources such as 
the proprietary Informa/Citeline data-
base (2016), based on innovation type 
and disease.

When an innovation reaches the 
Post-Market stage, it is assigned an in-
novation effectiveness factor for reduc-
ing disease mortality rates, incidence 
rates, and disability weightings. All in-
novations that reach the Post-Market 
stage are passed into the Population and 
Disease model to simulate their effect 
on population health and disease bur-
den. Once an innovation reaches the 
Post-Patent stage, the associated treat-
ment cost is reduced by a user-specified 
multiplier.

3.1.4. Population and Disease Model

The Population and Disease (P&D) 
model forecasts future population dis-
tributions and disease burden based on 
input from other model components 
and data sources describing population 
growth statistics and disease character-
istics. Populations could be categorized 
by disease as well as by demographics 
such as age, sex, race/ethnicity, geo-
graphical region, socioeconomic sta-
tus, and education. The P&D model 
also calculates metrics such as DALYs, 
mortality, prevalence, and treatment 
costs for quantifying the economic and 
health burden for each disease.

The P&D model uses the co-
hort-component method, where a co-
hort is defined as a sub-population that 
shares demographic features and has its 
own set of assumptions and parame-
ters to be used in modeling population 
growth, disease prevalence, and health 
outcomes. This approach allows for 
highly granular analysis, through which 
policymakers can quantitatively assess 
and compare the impact of different 
strategies on health outcomes for spe-
cific populations over time, for exam-
ple, to identify population groups that 
may be high-risk or underserved.
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Parameters for population 
growth typically include natural birth 
rate and natural death (mortality) rate. 
Parameters for disease prevalence may 
include appearance (incidence) rate, 
cure rate, and death rate. Initial pa-
rameters may be inferred from data 
or specified by the user based on val-
ues in the literature. All parameters 
should be specified per cohort and 
could change over time. In particular, 
disease cure rates and death rates may 
change in response to new biomedical 
innovations. In addition, a disability 
weighting parameter for the purpose of 
computing DALYs should be specified 
for each disease. Disability weightings, 
as determined by Subject Matter Ex-
perts (SMEs) and published in studies 
such as the World Health Organization 
Global Health Estimates 2015 (World 
Health Organization (WHO) 2016), 
are available online for many common 
conditions.

Formally, let βc,∅ (t) and δc,∅ (t) 
denote the natural birth and death rates 
for cohort c at time t. Let αc,d (t) denote 
the appearance rate of disease d for co-

hort c at time t; let γc,d(t) denote the cure 
rate for disease d for cohort c at time t; 
and let δc,d (t) denote the death rate due 
to disease d for cohort c at time t. Let 
Pc(t) denote the total population of co-
hort c at time t. Borrowing from the 
infectious disease literature, let Sc,d (t) 
denote the “susceptible” population of 
cohort c with respect to disease d at time 
t (i.e. those without the disease), and let 
Ic,d (t) denote the “infected” population 
of cohort c with respect to disease d at 
time t (i.e. those with the disease). Let 
D denote the set of all diseases, and let 
Ic,Dʹ (t) denote the sub-population of co-
hort c that is “infected” with respect to 
all diseases in Dʹ ⊆ D and “susceptible” 
with respect to all other diseases at time 
t (i.e. those with exactly the diseases 
in Dʹ). Let wc,d (t) denote the disability 
weight for disease d for cohort c.

The system of equations below 
describes how to numerically compute 
the various population sizes at each 
simulation time step based on the pop-
ulation sizes at the previous time step 
and the specified parameters:The system of equations below describes how to numerically compute the various 

population sizes at each simulation time step based on the population sizes at the previous time 
step and the specified parameters: 

 

 

 

 

 

 
where δc,Dʹ (t) = 1 – (1 - δc,∅ (t) ) ∙ ∏d∈Dʹ (1 - δc,d (t)) is the overall death rate for a person with 
exactly the diseases in in Dʹ ⊆ D, including natural death as well as death from any disease in in 
Dʹ. 
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where δc,Dʹ (t) = 1 – (1 - δc,∅ (t) ) ∙ ∏d∈Dʹ 
(1 - δc,d (t)) is the overall death rate for a 
person with exactly the diseases in in Dʹ 
⊆ D, including natural death as well as 
death from any disease in in Dʹ.

For simplicity, we assume that 
disease appearance and death rates are 
independent, yet more sophisticated 
models could capture co-occurrence, 
co-morbidity, or other effects. The 
equations could also easily be adapted 
to model aging, migration patterns, and 
other phenomena.

Furthermore, at each simula-
tion time step, the disease appearance 
rate, cure rate, death rate, and disabil-
ity weighting factor can be adjusted to 
reflect the effects of new biomedical 
innovations entering the market. One 
simple implementation is to apply a 
multiplicative “effectiveness” factor in 
[0,1] to each initial rate or weighting 
that is affected, specific to each new bio-
medical innovation.

3.2. Interaction: The User Interface
The interactive component of the 
DATSBI system allows human deci-
sion-makers to specify parameters and 
objectives, provide feedback, and view 
visualizations to compare and illustrate 
the predicted impact and outcomes of 
policy decisions. It includes eight core 
functionalities: (a) inputting a numer-
ic value, (b) specifying an objective 
function, (c) visualizing a strategy, (d) 
visualizing state over time, (e) visualiz-
ing an outcome profile, (f) visualizing 
a normalized outcome profile, (g) com-
paring two normalized outcome pro-
files, and (h) selecting one of a small set 
of options.

These core functionalities are 
utilized in the following five interfaces:

i. An interface for specifying the pa-
rameters of the simulation model

ii. An interface for defining the ob-
jective functions and minimum ac-
ceptability thresholds

iii. An interface for indicating a pref-
erence or non-preference between 
two strategies

iv. An interface for comparing several 
strategies and selecting one of them

v. An interface for perturbing a strat-
egy by indicating objectives to im-
prove or relax

We now describe the core func-
tionalities and interfaces in greater de-
tail.

3.2.1. Core Functionalities

The eight core functionalities are as fol-
lows:

(a) Inputting a numeric value
The user is provided with a description 
of the parameter or value being sought 
and is prompted to enter a numeric val-
ue.

(b) Specifying an objective function
As described in Section  2.2, an objec-
tive function Fi takes as input a strategy 
x and a state y and produces as output a 
real-valued number zi, denoted . In the 
DATSBI system, the user is given the 
following options in defining objective 
functions:
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•	 Fi(x,y) = ±xj , i.e. set the objective 
function to be equal to +/- one of 
the strategy variables

•	 Fi(x,y) = ±yj , i.e. set the objective 
function to be equal to +/- one of 
the state variables

•	 Fi(x,y) = ±min({x}l ⋃ {y}l) , i.e. set 
the objective function to be equal to 
+/- the minimum over some subset 
of variables

•	 Fi(x,y) = ±max({x}l ⋃ {y}l) , i.e. set 
the objective function to be equal to 
+/- the maximum over some subset 
of variables

•	 Fi(x,y) = ±mean({x}l ⋃ {y}l) , i.e. set 
the objective function to be equal to 
+/- the average over some subset of 
variables

•	 Fi(x,y) = ±stdev({x}l ⋃ {y}l) , i.e. set 
the objective function to be equal 
to +/- the standard deviation over 
some subset of variables

These options keep the objective 
functions simple and understandable, 
yet still provide enough flexibility to 
represent notions such as “maximize 
average welfare,” “maximize the most 
good,” “maximize the least good,” and 
“maximize fairness,” either overall or 
among any subset of the variables. For 
example, a decision-maker may want to 
make sure that no disease gets neglect-
ed in the budget allocations, that posi-
tive health outcomes are shared roughly 
evenly across demographic groups, or 
that there is a breakthrough in Alzhei-
mer’s treatments in the next five years. 
Note that for each objective function, 

the “+” or “-” should be chosen so that 
higher values are more desirable.

(c) Visualizing a strategy
In the DATSBI system, a strategy con-
sists of a collection of policy choices 
and budget allocations. One simple 
representation of a sample strategy fo-
cusing on chronic conditions is shown 
in Figure 5.

(d) Visualizing state over time
The state captures relevant observable 
quantities that may be affected by the 
choice of strategy, such as cumulative 
costs to date, disease prevalence, and 
how many innovations are in each 
phase of the development process. State 
variables over time could be displayed 
using line charts or stacked bar charts, 
for example.

(e) Visualizing an outcome profile
An outcome profile is expressed as a 
vector of objective function values. 
Each objective function could be dis-
played differently, depending on which 
function type was used in (b). For ex-
ample, if the function were one of the 
statistics over a subset of strategy and 
state variables, the values of the vari-
ables could be shown side-by-side, with 
the min, max, mean, and standard devi-
ation highlighted.

(f) Visualizing a normalized outcome 
profile
A normalized outcome profile is a vec-
tor of real values in the range , which 
lends itself well to visualization tools 
such as a spie chart (see Figure  6), a 
variation on a pie chart proposed by 
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Feitelson (2003), where the arclength 
(width) of each sector is proportional 
to the weight of the corresponding ob-
jective in the preference function, and 
the radius of each sector is proportion-
al to the objective function value. Such 
visual representations can help deci-
sion-makers quickly gain an intuition 
for how well an outcome profile satisfies 
their highest-priority objectives.

(g) Comparing two normalized outcome 
profiles
Two normalized outcome profiles could 
also be easily compared by overlaying 
them on the same spie chart. For exam-
ple, if a new strategy were being com-
pared to a baseline strategy (e.g., the sta-
tus quo), the baseline strategy could be 
shown with dashed lines, with the new 
strategy overlaid in color (see Figure 7).

Figure 5. Visualization of a sample strategy focusing on chronic conditions.

Figure 6. Spie chart for a normalized out-
come profile. Sector width indicates the 
preference weighting of each objective, 
while radius indicates its value under the 

current strategy.

Figure 7. Spie chart comparing two nor-
malized outcome profiles. The baseline 
strategy is shown using dashed lines, 
while a proposed new strategy is overlaid 

in color.
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(h) Selecting one of a small set of options
This outcome could be achieved via 
buttons, links, a radio selector, or a 
drop-down menu, for example.

3.2.2. Interfaces

The five interfaces are as follows (note 
that (a)-(h) correspond to the eight core 
functionalities described above):

i. An interface for specifying the param-
eters of the simulation model
Prompts the user to (a) input a numer-
ic value for each model parameter. If 
parameters are being inferred from an 
external data source, that should be car-
ried out as a preprocessing step.

ii. An interface for defining the objective 
functions and minimum acceptability 
thresholds
Prompts the user to (b) specify an ob-
jective function. Then prompts the 
user to (a) input a numeric value corre-
sponding to the minimum acceptability 
threshold for that objective function.

iii. An interface for indicating a pref-
erence or non-preference between two 
outcome profiles
Displays (g) a visualization comparing 
the two normalized outcome profiles, 
and (h) prompts the user to indicate a 
preference or non-preference.

iv. An interface for comparing several 
strategies and selecting one of them
Displays (f) a visualization of the nor-
malized outcome profile for each strat-
egy, and (h) prompts the user to select 
one of them. To avoid information 
overload, only the normalized outcome 

profiles are shown, but the user can tog-
gle to (c) a visualization of the strategy, 
(d) its corresponding projected state 
over time, and (e) its non-normalized 
outcome profile for any strategy before 
making the final selection.

v. An interface for perturbing a strategy 
by indicating objectives to improve or 
relax
Displays (c) a visualization of the strat-
egy, (d) the corresponding projected 
state over time, and (e) its outcome 
profile. Iterates through the objective 
function values, and for each of them, 
(h) prompts the user to indicate wheth-
er the objective should be improved, 
could be relaxed, or should be left as 
is. When the perturbed strategy comes 
back, displays (g) a visualization com-
paring its normalized outcome profile 
to that of the unperturbed strategy and 
(h) prompts the user to indicate wheth-
er the perturbed strategy should be ac-
cepted or rejected.

3.3. Computation: Algorithms and 
Optimization

For the computational component of 
the DATSBI system, we provide the 
technical details for one possible imple-
mentation of our methodology. We de-
scribe each of the four main steps below.

3.3.1. Objective function 
normalization: Define a normalized 
objective function  for each objective i.

As defined in Section 2.2, a normalized 
objective function Fi  maps satisficing 
strategies to values in [0,1], increasing 
monotonically with its corresponding 
objective function Fi, i.e. Fi(x) > Fi(y) if 
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and only if Fi(x) > Fi(y). Because a sat-
isficing strategy must exceed the objec-
tive threshold value θi for every objec-
tive i, it is natural to use θi as the lower 
bound, i.e.,  Fi(x) = 0 if and only if Fi(x) 
= θi. Ideally, we would have  Fi(x) = 1 if 
and only if Fi(x) = Ωi, where Ωi is the 
maximum value achieved by any satis-
ficing strategy. Although the Ωi are not 
known, they can be approximated by 
independently performing single-ob-
jective optimization on each objective, 
with the constraint that solutions must 
correspond to satisficing strategies.

Once the minimum and estimat-
ed maximum values of Fi have been de-
termined for each objective i, we define 
the normalized objective function Fi as 
follows:

That is, is a monotonically increasing 
linear function that normalizes Fi over 
the feasible range [θi, Ωi]. This normal-
ization enables the algorithm to more 
easily compare objectives to one anoth-
er, which is done in the next step.

3.3.2. Preference elicitation: Define a 
preference function Hpref over the space 
of satisficing strategies

Although each satisficing strategy must 
minimally satisfy every objective, a 
decision-maker may have priorities 
among the objectives, leading them to 
prefer some satisficing strategies over 
others. In the DATSBI system, this no-
tion is expressed through a preference 
function Hpref. Since it is assumed that if 
one strategy dominates another, the de-
cision-maker will prefer the dominat-

ing strategy, we require that Hpref respect 
dominating relationships. We consider 
a function of the following form:

with the constraint that Σiγi = 1, where 
the parameters γi ∈ [0,1] provide a rela-
tive weighting among the objectives.

Once the user’s preferences are 
captured in a preference function, the 
preference function can be used as the 
objective function in an automated sin-
gle-objective optimization process, for 
which efficient algorithms are known 
and the quality of solutions are less sub-
jective. However, a decision-maker’s 
preferences are often intuitive, and ask-
ing the user to specify them as a math-
ematical formula may be both daunting 
and confusing, likely leading to a pref-
erence function that does not accurate-
ly express the user’s preferences.

An alternative to asking the user 
to specify a preference function explic-
itly is to infer their preferences based 
on feedback to more intuitive ques-
tions, a task referred to in the literature 
as preference elicitation. We consider a 
mechanism similar to that proposed by 
Zionts and Wallenius (1976), in which 
the user is presented with pairs of out-
come profiles, which may be chosen 
randomly or judiciously (e.g., to max-
imize discriminative power and/or 
based on history of previous candidate 
pairs and responses), and is asked to 
decide whether they prefer the first op-
tion, prefer the second option, or have 
no preference. The outcome profiles 
may yet need not correspond to actual 
strategies, since here the goal is to infer 

i
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the preference function, not to propose 
strategies (which will occur during 
steps 3 and 4). However, the outcome 
profiles must satisfy all objectives, since 
the preference function is only defined 
over satisficing strategies.

Next, we use the feedback to in-
fer the preference function, namely by 

inferring the γi values. In particular, 
for each pair of outcome profiles (x(j), 
y(j)) presented to the user, we derive an 
equation or inequality involving the γi. 
The following derivation of the equa-
tion corresponding to a no-preference 
decision can easily be modified for the 
case of an inequality:

Each equation or inequality de-
fines a plane or half-space, respective-
ly, in the m- dimensional space corre-
sponding to possible γi values. We also 
have the constraint that Σiγi = 1 from 
above, which helps to bound the space.

Finally, the system of equations 
and inequalities is solved for the best-
fit parameters γi. If the system does not 
have a unique solution, the algorithm 
could take a central point in the solu-
tion space (if multiple solutions exist) 
or choose γi values that minimize error 
(if no exact solution exists).

This iterative process may be re-
peated a fixed number of times or un-
til a criterion is met (e.g. information 
gain/discriminative power falls below 
a threshold, or preferences can be pre-
dicted accurately).

3.3.3. Strategy selection: Select a 
Pareto-optimal satisficing strategy 
based on user preferences

Now that the preference function Hpref 
has been defined, we search for high-
ly preferred strategies by performing 
single-objective optimization over the 
space of satisficing strategies, using Hpref 
as the objective function.

Since Hpref only specifies the 
trade-offs between objectives, there 
may be strategies that are substantive-
ly different yet have the same or similar 
preference score. In this case, the user 
may be presented with a representative 
sample of Pareto-optimal satisficing 
strategies and prompted to choose be-
tween them. For example, this could be 
done by running a genetic algorithm 
and presenting a subset of the result-
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ing population with diverse genetic 
makeups, as in the work of Thapar et al. 
(2012).

3.3.4. Strategy refinement: Allow the 
user to refine the strategy via small 
perturbations

Lastly, we provide the user with an op-
portunity to refine the selected strategy. 
We follow the methodology of Nakaya-
ma and Sawaragi (1984), in which the 
user is prompted to indicate wheth-
er each objective should be improved, 
could be relaxed, or is acceptable in its 
current state. The algorithm then at-
tempts to perturb the currently select-
ed strategy in the direction of the user’s 
indications. The best strategy found is 
presented to the user, who either selects 
it as the new current strategy or retains 
the previous strategy. The algorithm 
terminates when the user is satisfied 
with the currently selected strategy, or 
when the space of local perturbations 
has been explored and no improvement 
can be found.

4. Conclusions

With over $1 trillion in gov-
ernment healthcare spend-
ing (Centers for Medicare 

& Medicaid Services (CMS), 2020) and 
tens of millions of disability-adjusted 
life years lost each year (World Health 
Organization (WHO) 2016), any im-
provement has the potential for saving 
billions of dollars and thousands of life 
years. The DATSBI system will allow 
decision-makers and stakeholders to 
collaboratively observe order-of-mag-
nitude changes for key output metrics, 

anticipate the likely impact of potential 
new policies and decisions, and evalu-
ate tradeoffs between competing objec-
tives.

The simulation model described 
in Section 3.1 is provided for purposes 
of illustration and could be improved 
in many ways. As US healthcare costs 
trend away from fee-for-service, poli-
cies such as global payments, bundled 
payments, incentives, and Medicare 
and CHIP Reauthorization Act (MAC-
RA)-related policies of value-based pay-
ments and alternative payment models 
can be added to the cost modeling. The 
population and disease model could be 
expanded to consider co-morbidities. 
Eventually, the National Health Expen-
diture estimates can include the impact 
of technology, including the value of ac-
celerating biomedical innovation.

Inaccurate assumptions or mod-
el parameters can skew the results of an 
otherwise useful model. There are many 
parameters to estimate, some of which 
may vary by stakeholder (e.g., the cost 
of capital for a large pharmaceutical 
company vs. a biotech startup vs. the 
government vs. a research university). 
Gathering data from multiple public 
and private sector sources, maintaining 
transparency by keeping stakeholders 
in the loop, and gauging stakeholders’ 
intended level of cooperation before a 
final decision is made can improve ac-
curacy and reliability, making DATSBI 
a valuable tool for decision-makers. 
Having a consortium gather this type of 
data would be of mutual value for gov-
ernment entities and non-governmen-
tal stakeholders alike.
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4.1. Multiple Stakeholder Use

With multiple stakeholders participat-
ing, tensions may be seen between dif-
fering perspectives and priorities, and 
some policies may present an inherent 
tradeoff. On the other hand, the DATS-
BI system may highlight groups of poli-
cies that collectively could be beneficial 
to multiple stakeholders. In particular, 
“fairness” objectives can help ensure 
that no stakeholder or segment of the 
population is neglected. Additionally, 
the DATSBI system could help deci-
sion-makers plan for long-term success 
by demonstrating when certain short-
term losses would likely pave the way for 
longer-term gains and greater stability.

An alternative approach is to se-
quentially optimize for each individual 
criterion, interact with decision makers 
to assess the relative importance, and 
then progressively relax objectives by a 

fixed percentage (10%, 20%, etc.) to be 
the new minimum value, and searching 
until a satisficing solution is found.

4.2. Other Applications

Our proposed PIC (Prediction, Inter-
action, Computation) framework and 
its accompanying methodology are de-
signed to help decision-makers achieve 
desired outcomes by providing them 
with the tools to make well-informed 
tradeoff decisions between multiple 
competing objectives. Although the 
DATSBI system is described in the 
context of biomedical innovation, our 
framework and methodology are much 
more general and could be applied to 
a wide variety of domains—such as 
healthcare payment models, precision 
medicine initiatives, and infrastructure 
investment planning—that call for mul-
tiple-criteria decision-making.
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“No Child Left Behind” and the Predictable 
Failure of Education Policy1
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Abstract

The 2001 “No Child Left Behind Act” (NCLB) was a signature 
piece of legislation of President George. W. Bush. It focused on us-
ing standardized assessments to hold schools accountable for stu-
dent achievement, with the goal of having all students in all states 
meet grade level targets by 2014. However, by 2014, no state had 
met the goal of having all students at or above grade level. The fail-
ure of this policy arose from a failure to understand schools and 
learning as complex systems and from a resulting unclear under-
standing of how to measure such complex systems. Both learning 
and classrooms are self-organizing systems. Unlike good health, 
however, which can be operationally defined by quantifiable mea-
sures (e.g., blood pressure) and which generally can be attained by 
known means (e.g., lose weight), good learning achievements are 
less easily defined, and the process by which to get there is less well 
understood. Furthermore, learning in schools occurs at the inter-
section of many different, and often competing, systems, making 
the non-complex approach to assessment and reform undertaken 
by the NCLB doomed from the beginning.

Keywords: complex systems; education policy; learning; self-orga-
nization

“Ningún niño se queda atrás” y el fracaso 
previsible de la política educativa 

Resumen 

La “Ley de Que Ningún Niño se Quede Atrás” de 2001 (NCLB) fue 
una firma de legislación del presidente George. W. Bush. Se centró 
en el uso de evaluaciones estandarizadas para responsabilizar a las 
escuelas por el rendimiento de los estudiantes, con el objetivo de 

1 Apologies to Seymour Sarason (1990).
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que todos los estudiantes en todos los estados cumplan con los ob-
jetivos de nivel de grado para 2014. Sin embargo, para 2014, ningún 
estado había cumplido el objetivo de tener a todos los estudiantes 
en grado o superior nivel. El fracaso de esta política surgió de una 
falta de comprensión de las escuelas y el aprendizaje como sistemas 
complejos y de una comprensión resultante poco clara de cómo 
medir tales sistemas complejos. Tanto el aprendizaje como las aulas 
son sistemas autoorganizados. Sin embargo, a diferencia de la bue-
na salud, que puede definirse operacionalmente mediante medidas 
cuantificables (por ejemplo, presión arterial) y que generalmente 
puede lograrse por medios conocidos (por ejemplo, perder peso), 
los buenos logros de aprendizaje se definen con menos facilidad y 
el proceso mediante el cual llegar allí es menos entendido. Además, 
el aprendizaje en las escuelas ocurre en la intersección de muchos 
sistemas diferentes, y a menudo competitivos, lo que hace que el 
enfoque no complejo de evaluación y reforma emprendido por el 
NCLB esté condenado desde el principio. 

Palabras clave: sistemas complejos; política educative; aprendizaje; 
autoorganización

“不让任何一个孩子落伍”与
教育政策的预期失败

抽象

2001年的《不让任何一个孩子落后法案》（NCLB）是乔治总
统的一项代表性立法。布什它的重点是使用标准化评估来使
学校对学生的成绩负责，其目标是到2014年使所有州的所有
学生达到年级目标。但是，到2014年，没有州达到了使所有
年级以上的学生达到目标的目标水平。这项政策的失败是由
于未能将学校和学习理解为复杂的系统，以及对如何衡量这
种复杂的系统产生了不清楚的理解。学习和课堂都是自组织
系统。但是，与良好的健康不同，良好的学习可以通过可量
化的措施（例如血压）来定义，并且通常可以通过已知的手
段来实现（例如，减肥），但是良好的学习成果很难定义，
而通过这种过程可以到达那里鲜为人知。此外，学校学习发
生在许多不同且经常相互竞争的系统的交汇处，这使得NCLB
进行评估和改革的非复杂方法从一开始就注定要失败。

关键字：复杂系统教育政策学习自组织
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Each State shall establish a timeline for adequate yearly progress. 
The timeline shall ensurethat not later than 12 years after the end of 
the 2001–2002 school year, all students in each group described in 
subparagraph (C)(v) will meet or exceed the State’s proficient lev-
el of academic achievement on the State assessments under para-
graph (3).

The No Child Left Behind Act of 2001 (20 USC 6311. §1111 (a)(2)
(F))

The ambitious “No Child Left 
Behind” (NCLB) act is almost 
the archetype of modern fed-

eral government policy in the United 
States of America (U.S.). Simon (1996) 
defined policy as taking action to make 
the system as it ought to be. NCLB very 
clearly took action – the Act layed out 
goals, constrained pathways for the in-
dividual states to take, and tied federal 
funding to those goals and paths—and 
stated very clearly what the system 
ought to achieve: “all students ... will 
meet or exceed ... proficient level” (20 
USC 6311. §1111 (a)(2)(F)).

However, almost 20 years after 
the implementation of NCLB, even a 
cursory glance at the scholarly litera-
ture or the popular press will lead to the 
conclusion that almost no one thinks 
the educational system in the United 
States of America (U.S.) is working well. 
And although there are many different 
critiques of education policy, very few 
of those critiques involve looking at ed-
ucation as a complex system. This fail-

2 They do, however, work in sub-fields such educational psychology and learning (Jacobsen, 2019), 
educational leadership (Marion & Gonzalez, 2013), the politics of education (Biesta & Osberg, 
2010), curriculum (Doll, 1994) and the philosophy of education (Mason, 2008), among others. Bar-
Yam (2004) does address educational policy in two chapters, but does so while presenting a shallow 
understanding of the education system

3 From now on, we will simply state “education system” and mean the U.S. education system. The 

ure to consider education as a complex 
system, however, has important (neg-
ative) consequences for policies, pol-
icy makers, and those subject to those 
policies. This paper will explore those 
consequences, particularly as reflected 
in the “No Child Left Behind” Act, and 
propose pathways forward for educa-
tion policy.

Education: An Overview

Although there are a number of 
complex systems researchers 
who work in education, none 

seem to work in policy.2 Hence, we be-
gin with a brief overview of the U.S. 
education system. Although there are a 
number of good histories of education 
in America for the interested reader 
(Cremin, 1980 & 1988; Spring; 2018; 
Urban, Wagoner & Gaither, 2019), here 
we will focus only on a few important 
aspects of the U.S. education system.3

Size and Scope
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Some facts and figures related to school 
expenditures and funding will help put 
education policy into context.

The education system is one of 
the largest employers in the United 
States. Approximately 1% of the U.S. 
population, (3.2 million people) are 
teachers in grades from kindergar-
ten through 12th grade (K-12). (This is 
approximately 2% of the work force.) 
With an average annual salary in 2018 
of approximately $60k, teacher salaries 
total almost $200 billion dollars annu-
ally. Teacher salaries are the largest sin-
gle expense in the K-12 system, and the 
total annual spending on K-12 school-
ing is over $700 billion dollars (Na-
tional Center for Educational Statistics 
[NCES], 2019c), which is more than 
two-and-a-half times Apple’s annual 
revenue. Clearly, K-12 education is an 
important economic factor in the U.S.

Although per pupil funding for 
education, and the proportion of fund-
ing sources, varies widely from state to 
state, the national average is that school 
funds come approximately 45% from 
local sources, 45% from state sources, 
and slightly less than 10% from feder-
al sources. Because schools are funded 
almost entirely by government-collect-
ed fees and taxes—private foundations 
and bake sales contribute relatively little 
—government policy regarding educa-
tion has a large impact on schools, both 
directly and indirectly.

History

Although there are many important 
events and dynamics in the history of 

systems and policies in other countries have similar but distinct dynamics, policies, and issues.
4 Sometimes, when standard, curricula, or textbooks change, the graduates may finish school some-

U.S. public education, three are import-
ant here. The first is the widespread im-
plementation of compulsory schooling 
for children, which came about during, 
and in response to, the dynamics of the 
Industrial Revolution. In the early 19th 
century, the U.S. was predominantly an 
agrarian society. During the Industrial 
Revolution, and the rapid increase in 
U.S. immigration during that period, 
public schools served multiple purpos-
es: Schools helped to teach children 
something that their parents did not 
know, namely, how to work in an in-
dustrial (i.e., factory) setting. Schools 
also helped to enculturate immigrant 
children.

Early schools took on the form of 
factories, and that form continues into 
the present day. Factory work can be 
characterized by its reliance on order, 
repetition of a task to achieve mastery, 
and uniformity in schedule. Schools 
largely reflect each of these, with stu-
dents typically sitting in one location 
in neat rows, homework focused on re-
petitive practice to gain mastery (e.g., 
completing problems 1-20 at the end 
of a section in the mathematics text-
book), and student time during the day 
being closely controlled by the teacher. 
Even at larger scales, schools reflect the 
nature of a factory: At each grade, the 
teacher adds a specified piece (some-
times known as the “curriculum”) to 
each student before sending the stu-
dent on to the next grade. In the end, 
a school graduates their finished “prod-
uct,” graduates alike in every way except 
for color and a few choices of electives.4 
The influence of the Industrial Revolu-
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tion on U.S. education cannot be over-
estimated.

The second important event in 
U.S. public education for our study was 
the work of Committee of Ten. In 1892, 
this working group, which was largely 
composed of administrators from high-
er education and administrators from 
college preparatory schools from the 
Northeast U.S., put forth its curricular 
recommendations; those recommenda-
tions have greatly influenced K-12 cur-
ricula since that time. For example, the 
recommendations for college-bound 
high school students is that they should 
study a modern language, four years of 
English, algebra and geometry, and bi-
ology, earth science, and physics (which 
included chemistry). The Committee 
recommended more in-depth study of 
fewer subjects in order to develop better 
thinking skills. Business skills (e.g., typ-
ing) were recommended for non-col-
lege bound students. High school stu-
dents today would readily recognize 
those recommendations in their own 
curricula.

Although each of the recommen-
dations can be debated, the mathemat-
ics requirements can serve to highlight 
the difficulties of the ongoing influence 
of the Committee of Ten. Relatively few 
students, even today, go into engineer-
ing or the physical sciences. However, 
the entirety of the mathematics cur-
riculum in middle and high school is 
geared toward preparing students to 
take courses in calculus and beyond. 
(Ironically, the mathematics curricu-
lum only introduces students to a very 

thing like Johnny Cash’s Cadillac in One Piece At A Time.

small slice of the field of mathematics.) 
Although recent work such as the Com-
mon Core State Standards – Mathemat-
ics (CCSS-M) has started to include 
more work in probability and statistics, 
which are arguably more important 
to democratic citizenry and to further 
study in the social and life sciences and 
business (which are the fields that most 
college students pursue), the CCSS-M 
have merely added these topics rather 
than re-envisioning mathematics cur-
riculum. The irrelevance of most school 
mathematics to students’ lives contrib-
utes to both a disdain for mathematics 
and a lack of numeracy in the general 
population (Paulos, 2001).

The third important movement 
in U.S. public education was the passage 
of the federal Elementary and Second-
ary Education Act (ESEA) in 1965. This 
landmark legislation was a major part 
of President Lyndon Johnson’s war on 
poverty and has been called the most far 
reaching piece of legislation ever passed 
by Congress (Wikipedia, 2019). The 
ESEA was intended to reduce the gaps 
between various groups of students and 
was largely responsible for the growth 
of special education services in public 
education. Additionally, the ESEA in-
cludes several well-known programs, 
perhaps most notably Title IX, which 
focuses on reducing gender based ed-
ucational disparities. NCLB was part 
of the reauthorization of the ESEA; the 
most recent reauthorization was the 
Every Student Succeeds Act, which was 
signed into law in 2015 and took effect 
during the 2017-18 school year. All of 
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these efforts have in common the idea 
that all students will become proficient; 
of particular interest for almost all of 
them is the reduction in achievement 
between different groups of students 
(e.g., ethnic or racial minority students 
and what students, students from high 
income families and students from low 
income families, etc.).

Inequality in Education

Clearly, policy makers are convinced 
of the existence of inequalities in the 
U.S. education system. However, there 
is evidence that policy makers do not 
fully understand the magnitude of the 
problems; certainly, there is evidence 
that educational policies as they stand 
should not be expected to address those 
problems. Kozol (1991) studied a range 
of schools, and among his other find-
ings was one regarding inequalities in 
school funding. At that time, the differ-
ence in funding between a high school 
in Chicago, North Lawndale, and a 
high school in Winnetka, IL, New Trier, 
about 20 miles north of there, was ap-
proximately $17,000 per pupil, which 
meant that New Trier spent almost 
four times as much per pupil as North 
Lawndale. Although that difference is 
one of the most extreme in Illinois, it 
provides some guidance for examining 
school funding inequalities. Suppose 
that the average difference is half of 
the extreme. Given the approximately 
3 million school children in Illinois at 
that time, the amount of funding nec-
essary to alleviate the funding issues 
at that time would have been approxi-

5 High school graduation rates are the number of entering 9th graders who graduate within 5 years.

mately $2 billion; this is an amount that 
was more than half of the state school 
budget at that time.

Solving funding inequalities, 
however, while likely to be a neces-
sary condition to address educational 
inequalities, is probably not sufficient. 
Currently, the Rochester (NY) City 
School District (RCSD) has a budget 
that is slightly less than $30,000 per stu-
dent (NCES, 2019b). While the RCSD 
has made great strides in recent years, 
its graduation rate5 is still only 60%. 
Less than 10% of the district’s graduates 
attend post-secondary education (as 
opposed to more than 60% nationally). 
Pittsford, NY, a suburb of Rochester has 
two high schools in the Pittsford Cen-
tral School District; both of those high 
schools are regularly ranked by vari-
ous organizations in the top 200 high 
schools in the nation. 

Pittsford’s per pupil spending 
is more than $20,000 per student, or 
one-quarter less than RCSD’s (NCES, 
2019a).

These examples are rather typical 
of education nationally. Local inequali-
ties in funding still exist, although they 
generally have been reduced somewhat 
from the examples Kozol (1991) noted. 
However, even where funding inequali-
ties are not an issue, inequalities in out-
comes persist.
Inequalities: A Closer Look

Marder & Bansal (2009) explored out-
come inequalities in Texas, using a vari-
ety of sources, mostly test scores. Using 
rather innovative analyses approaches 
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(e.g., modeling student test scores from 
1st through 12th grade via Fokker-Planck 
equations) they came to the conclusion 
that approximately 30% of the outcome 
differences between schools is due to 
in-school factors. Hence, the majority 
of the outcome inequalities are due to 
out-of-school factors. Other analyses 
more sophisticated than that presented 
by Kozol find similar results: The ma-
jority of the outcome inequalities are 
due to out of school factors.

The Purpose of Education

One other factor, the purpose of edu-
cation, must be considered before ad-
dressing educational policy. Earlier, the 
purposes of compulsory schools in the 
first half of the 19th century, training fac-
tory workers and enculturating immi-
grants, was noted. However, although 
job preparation and enculturation are 
still important purposes, they are not 
the only purposes. Dewey (1916) saw 
education as important preparation 
for being a citizen in a democracy, 
and so enculturation includes not only 
the social and linguistic aspects, but 
also a political one. In addition to job 
preparation, there is the development 
of thinking skills (as recommended by 
the Committee of Ten). Each of these 
aspects of education have taken prece-
dence at various times.

The lack of a clear goal for educa-
tion makes the assessment of education 
more difficult than, say, the assessment 
of health and healthcare. In the health-
care world, the key metrics (e.g., blood 
pressure) are relatively undebated, and 
the goal of health – a long life with high 

quality is agreed upon by most. Hence, 
we can speak of “needing to lower blood 
pressure” with some idea as to why that 
would be a good idea and that the idea 
is good for everyone with “high” blood 
pressure. 

In contrast, assessing algebra is 
much more difficult. What does one 
gain by knowing more algebra? In the 
case of engineers, it may be obvious, but 
for the more than 95% of the adult pop-
ulation who are not engineers of physi-
cal scientists, what then? On a personal 
note, my mother has not done algebra 
in at least 40 years, and probably not for 
the 20 years before that. Despite that (or 
because of that?) she has had a full, rich 
life, and has been a successful special 
education teacher, real estate agent, and 
accounts receivable manager.

Hence, one additional problem 
with education is that not only do we 
not know what how to measure out-
comes, we are not even certain what 
those outcomes should be. Policies 
such as NCLB arbitrarily call for mea-
surement of certain outcomes, but it 
is unclear why those outcomes may be 
important, or indeed, even if they are 
important.

Education as a Complex System

The failure to consider education 
as a complex system is not lim-
ited to policy makers. Complex 

systems researchers have given very lit-
tle thought to education, and even less 
to education policy as a policy about 
complex systems. Bar-Yam (1997), in 
his Figure 0.1.1 (a), starts to make the 
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case for choosing complex systems as 
an approach to the study of many differ-
ent fields; all of the fields he considers 
in his 1997 text are included in the fig-
ure, reproduced here as Figure 1. More 
recently researchers in complex systems 
generally fall into the categories laid out 
by Bar-Yam.

Although the figure is broadly 
encompassing, it should be noted that 
education is nowhere to be found. While 
the reasons for that omission may serve 
as an interesting topic of discussion, 
the important point here is that this 
omission is common among complex 
systems researchers. There are some 
authors that pursue a complex systems 
approach to education (many of which 
have had, or have, a connection to the 
Complexity in Education Special Inter-
est Group of the American Educational 
Research Association); however, many 
of those, as Byrne & Callaghan (2013) 
point out, are philosophical (largely ad-

dressing the purpose of education) rath-
er than methodological or empirical.

Although it may seem obvious 
to many that education is a complex 
system, in order to understand the ed-
ucational policy, it is important to un-
derstand the nature of complexity in 
the educational system. For the purpos-
es of looking at policy, there are three 
important aspects of complexity in the 
educational system: the complexity 
embodied in the classroom, the inter-
twined complex systems that impinge 
on education, and the very nature of 
education system as a change agent.

Bar-Yam (2004) rightly notes 
that “the highest complexity task in 
the education system is the education-
al relationship between the individual 
teacher and each individual student” 
(p. 179). The complex relationship of 
teachers and students is at the center 
of learning. For example, the primary 

Figure 1: Fields commonly considered by complex systems research.
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place that teachers have in the educa-
tion system is quickly revealed in dis-
cussions with almost any adult about 
their success: In such discussions, peo-
ple routinely acknowledge the impor-
tance of a teacher (or teachers) in their 
own success. (Here, “teacher” may refer 
to someone in or out of the formal ed-
ucation system.) Although people may 
remember a school fondly, it is almost 
always the case that the relationship 
with a teacher, not the school, is at the 
forefront of their memories. Gtazek 
and Sarason (2007), discuss three films 
that “abundantly illustrate features that 
commonly characterize context of pro-
ductive learning independently of the 
disciplines: mathematics, rocket sci-
ence, and dance. The dominant aspect 
is a relationship between a teacher and 
a student.” The student-teacher rela-
tionship is important and complex.

Although many people conceive 
of teaching as the passing of informa-
tion from teacher to student, any ex-
amination of learning will indicate that 
the acquisition of information is only a 
very small—and low level (Bloom et al., 
1956)—part of learning. More sophisti-
cated understandings of learning (e.g., 
Reynolds, 2004) recognize that students 
take in and process—“metabolize” is an 
appropriate term here—the information 
and stimuli in their environment rather 
than merely absorb a copy of the exter-
nal world. In doing so, what a learner 
takes away from any new situation (such 
as a school lesson) is contingent upon 
what that learner already knows and the 
learner’s belief in the importance of the 
new situation. Hence, when exposed to 
the same lesson, all learners will take 

different things away from it.
Analyzing, or intervening in, the 

learning process is difficult. Learners 
and teachers together are the compo-
nents from which a classroom emerges, 
while simultaneously learning emerges 
from the classroom and teachers be-
ing metabolized by the students. As 
in many complex systems, the locus 
of causality is not external to the sys-
tem, but is within the system (Juarrero, 
2002). Part of the failure of educational 
policy is the failure to recognize the al-
most autopoietic nature of learning and 
of classrooms.

Teaching would be difficult 
enough if only learners and teachers 
were involved. However, every class-
room, and the people within the class-
room, are at the nexus of many other sys-
tems: schools, communities, cultures, 
etc. Hence, each actor in the classroom 
must metabolize stimuli from each of 
these other systems. Although each 
other system demands that the individ-
uals adapt to the system’s context, none 
of the other systems are about learning 
in the sense in which it is practiced in 
most classrooms. School systems, when 
one examines the relationships closely, 
are about holding teachers (or schools) 
accountable and for providing basic ser-
vices (e.g., school lunches, busses, etc.) 
Although we all learn much from our 
family interactions, that learning is not 
usually about the same topics or ideals 
as those in education (even though the 
purposes of education are not entirely 
clear). Students, especially in minority 
communities, adapt to the differences 
between their own community or cul-
ture and the educational community, 
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by spending part of their lives inhabit-
ing one persona and part of their lives 
inhabiting a different persona. The 
work of organizations such as the Posse 
Foundation (Posse Foundation, 2020) 
testify to the conflict involved in this 
enforced split personality.

Teachers also feel this split, feel-
ing the need to be responsible to their 
students, to the canon they teach, and 
to the school structure that expects 
the results necessary to continue the 
smooth functioning of the graduate as-
sembly line. Bateson et al. (1956) pro-
posed the double bind theory to explain 
symptoms of schizophrenia: repeated 
exposure to conflicting social require-
ments, without the possibility to escape 
or ignore them, results in schizophrenic 
behavior. Teachers (and students!) often 
feel a type of double bind in their daily 
work, being responsible for uniformly 
high standards of achievement while 
simultaneously needing to put the stu-
dents’ (often non-academic) needs first.

Policy is often about producing 
change; certainly, NCLB set change as 
a goal. However, changing educational 
outcomes (the goal) requires changing 
the components of the education sys-
tem. Although some of those chang-
es may be imposed from outside the 
system, most of the required compo-
nent changes in the education system 
require (further) education. That is, 
teachers must attend to professional de-
velopment led by someone who can fa-
cilitate teacher change, in other words, 

6 Kindergarten, and even Pre-Kindergarten, are common now days. However, as the author was a 
Kindergarten drop-out, 12 years rather than 13 or 14 will be used here. This can be considered a 
lower bound if desired.

7 In fact, most research on teacher professional development indicates that approximately 2 years are 

a classroom must be used to change 
classrooms. Jonathan Swift’s (1733) On 
Poetry: A Rapsody comes to mind:

So, Nat’ralists observe, a Flea
Hath smaller Fleas that on him prey.
And these have smaller yet to bite ‘em,
And so proceed ad infinitum (para. 19).

Change in education requires educa-
tion to change before that can happen.

 It is not only that education re-
quires education to change, however. 
The time scale of change longer than 
the usual time span of policy. Bar-Yam 
(2004) notes that “with the education 
system there is a much longer period of 
time before feedback is received. Chil-
dren have to grow up and become part 
of society before we can really evaluate 
whether we have done a good job rais-
ing them” (p. 178). We can quantify just 
how long this period of time is. Students 
spend 12 years in the K-12 system,6 and 
another 4 years in college, which means 
that, at a minimum, 16 years of being 
in transition are necessary before one 
can expect educational changes to be 
self-sustaining.7

The Failure of “No Child  
Left Behind”

NCLB did fail. Exactly none of 
the states achieved NCLB’s 
goal by the time ESSA was 

passed (which was one year later than 
the NCLB deadline anyway). 
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 In one sense, NCLB failed be-
cause it is the nature of things to fall 
short of lofty goals. However, under-
standing the dynamics of failure may 
make it possible for the next policy 
to come closer to success, and in that 
sense, NCLB failed precisely because it 
failed to recognize education as a com-
plex system. Four particular dynamics 
contributed to the failure of NCLB:

1. NCLB failed to take into account the 
self-organizing nature of learning.

2. NCLB did not fully consider the 
emergent, self-organizing proper-
ties of classrooms.

3. NCLB placed its consequences at 
the state and district level; neither 
of these entities has much influence 
on learning.

4. NCLB did not recognize the inter-
twined, and often contradictory, 
nature of school, community, and 
culture, and the impact that these 
have on learning.

Additionally, NCLB did not con-
sider the magnitude, either in terms of 
time or funding, that is required for the 
educational change that was sought. 
However, these magnitudes, as they do 
not require understanding of education 
as a complex system, will not be further 
examined here.

Self-Organizing Learning

All students (and people!) make sense of 
their environment, and in the end, have 

necessary to change the teachers, so 18 years is probably a more appropriate time frame; we must 
change existing teachers before we can change the experiences of their students.

different understandings of any situa-
tion. This is a reflection of the self-or-
ganizing nature of learning. Uniformity 
of understanding, therefore, will not 
occur. NCLB, however, did not actual-
ly expect uniformity of understanding, 
but only a certain level of achievement. 
Even that less prescriptive requirement 
is at odds with complex systems think-
ing, though.

West & Grigolini (2011) present 
data from college entrance exams in 
Brazil; their results seem to be rough-
ly reflective of most learning situations. 
The humanities (e.g., language, histo-
ry, etc.) achievement data are roughly 
normally distributed. The math/science 
achievement data, however, tell a much 
different story: They are relatively well 
fit by a power law distribution. This re-
flects the general differences between 
the teaching of history and the teaching 
of mathematics, for instance. History is 
divided into roughly independent units, 
and failure at one unit is likely to have 
little impact on achievement in another 
unit. In mathematics, the units are rath-
er sequential, and poor performance in 
one unit is likely to have a negative im-
pact on performance in future units. 

Given that the level of achieve-
ment pre-NCLB was considered de-
ficient, one can imagine a desired 
threshold being placed on each of the 
distributions. The problem then be-
comes how to move the distributions to 
exceed that threshold. Only approach-
es that result in different distributions 
will be able to do that; both a normal 
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distribution and a power law distribu-
tion will always have parts of their pop-
ulations below any positive threshold. 
Hence, the distributions, which are the 
result of the complex nature of learn-
ing, would have to be changed. In other 
words, the dynamics of learning would 
have to change for NCLB’s goals to be 
met. 

Teachers, Students, and Classrooms

Related to the almost autopoietic nature 
of learning, the emergent, self-organiz-
ing, and internally causal dynamics of 
the classroom were not addressed in 
setting the goals of NCLB. In one sense, 
this is not unusual; policy generally sets 
goals, but does not always set methods. 
However, given that the NCLB goal was 
so at odds with the dynamics of the sit-
uation, failure to address classrooms 
directly almost certainly ensured the 
failure of NCLB.

Misplaced Consequences

NCLB forced consequences onto states, 
who had to legislate individual schools, 
which were not the unit that direct-
ly impacted learning. Hence, almost 
all states adopted a stance where an-
nual teacher evaluations were tied to 
student achievement. Because schools 
typically did not have much control 
over classrooms, there was general-
ly no good proscriptive approach to 
helping classrooms, and the usual rem-
edy—that teachers who fail to meet 

achievement goals were to be removed 
or reassigned—was seen as overly pu-
nitive. (The author believes that this 
also placed students into an additional 
double bind situation: they were told to 
obey teachers by the same adults who 
appeared to not trust the teachers to 
teach!)

Intertwined Complex Systems

Lastly, and perhaps most importantly, 
NCLB severed the relationship between 
the school and the community in which 
the school resided. The original ESEA, 
recall, was considered a weapon in 
President Johnson’s “war on poverty,” as 
schools were seen as a way out of pov-
erty. By placing the burden of achieve-
ment solely on schools, and failing to 
address the community issues that con-
tribute more than 2/3 of the variance 
in achievement, NCLB almost guaran-
teed that the opposite of the intended 
effect would occur: Instead of closing 
achievement gaps between high and 
low achieving students, there is some 
evidence that such gaps have persisted 
and even increased.

Conclusion

As a case study of educational 
policy, the failure of NCLB as 
seen from a complex systems 

perspective provides a number of in-
sights into educational policy, and in 
particular it can help identify some of 
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the necessary elements of policies that may allow future policies to result in better 
outcomes.
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For publishing this book, Ber-
nadette Wright and Steven E. 
Wallis joined forces to foster the 

strengths of their own work through 
employing the complementarity of their 
personal missions and their knowledge. 
Bernadette Wright has a personal mis-
sion to strengthen the self-evaluation 
capacity of organizations; among oth-
ers in health, human services, educa-
tion, and housing. Steven Wallis has a 
personal mission to contribute to the 
advancement of social theory across 
research fields, in particular by improv-
ing the research capabilities in various 
disciplines including among others 
philosophy, ethics, and organizational 
learning, etc.; by identifying the basic 
conditions of a good and robust theo-
ry, which is applicable across all fields 
of theory, and the consequences, which 
arise from that insight. Readers are 

promised to quickly become more ef-
fective researchers through clear, direct, 
and concise instructions in the book. 

The book is organized in 7 chap-
ters. Each chapter is initially presented 
as a system of three main sets of vari-
ables or tasks, which are concatenated 
with each other, i.e. always two sets of 
factors influence the third factor. 

As a major challenge for any re-
searcher the authors initially raise the 
question: 
Who manages meanings, interpreta-
tions, and understandings in research 
projects? 
They answer that within each research 
project many stakeholders may have an 
interest in the topic. Each stakeholder 
group has its own interest in the topic 
and, thus, different “understanding” to 
support these interests, which are pre-

https://us.sagepub.com/en-us/nam/practical-mapping-for-applied-research-and-program-evaluation/book261152
https://us.sagepub.com/en-us/nam/practical-mapping-for-applied-research-and-program-evaluation/book261152
https://practicalmapping.com/
mailto:gerhard.fink@wu.ac.at
https://us.sagepub.com/en-us/nam/practical-map
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sented as different perceptions, knowl-
edge, and theory, leading to different 
propositions and concepts.

Consequently, management of 
meaning is only one core issue of any 
research. The authors urgently estab-
lish that knowledge cannot arise from 
the management of meaning alone. On 
the one hand, knowledge connects the 
meaning with data and logic. Thus, in 
chapter 2 the authors discuss Mean-
ing, in chapter 3 Data, and chapter 4 
Logic. And, on the other hand, useful 
knowledge can only emerge from the 
attention of research ethics, which in-
cludes among other factors: avoiding 
harm from research, informed consent, 
cultural responsiveness, confidentiality, 
privacy, honesty, and good decisions 
based on the right data.

The importance of the book lies 
in the fact that in each chapter the au-
thors address how research problems 
can be resolved with mapping strate-
gies, and finally turned into practical 
action.

Chapter 2: Collaborative Mapping to 
find “joint meaning”.
Chapter 3: Mapping from related re-
search and materials for enlarging 
data sets.
Chapter 4: Critical evaluation of own 
research through measuring con-
cepts and connections on the own 
map.
Chapter 5: Evaluating the structure 
of maps, e.g. by going through prob-
lem statements, methods and sam-
ples, results and insights, and identi-
fying limitations.

Chapter 6: Collaborating with oth-
er researchers: finding peoples and 
their mappings.
Chapter 7: Creating maps and turn-
ing mappings into action.

Three appendices complement the 7 
chapters:

A) Advanced strategies for making 
maps more useful
B) Creating a sample report
C) Research methods for building 
better maps. 

Each chapter is complement-
ed with a) a set of highlighted “defini-
tions”, which explain the key concepts; 
b) with recommendations to “stop” at 
this point for reflection and discussion, 
and; c) with “travel tips” explaining 
some specifics of the process of emerg-
ing thought. 

Beyond that with repetition of 
“key points”, lists of “frequently asked 
questions”, and suggestions for “further 
exploration”.

The book has the capacity to 
guide all scholars, young or experi-
enced, who wish to leave research nich-
es and to enlarge their perspectives on 
particular research fields through the 
integration of fragmented theories into 
one broader and deeper theory, which 
should be more robust and has more 
substantiate meanings than the inde-
pendent and separated fragments.

This is of importance because 
solutions of past and future problems 
are only feasible when based on robust 
theory and excellent data, which permit 
the emergence of consistent meanings 
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across larger numbers of interested and 
affected individuals. 

This is of importance for all so-
cieties and interest groups within soci-

eties, and it means for our future that 
there might be some chance to resolve 
some of the numerous urgent problems 
across all societies around the Globe. 

Para publicar este libro, Bernadette 
Wright y Steven E. Wallis unieron 
fuerzas para fomentar las forta-

lezas de su propio trabajo mediante el 
empleo de la complementariedad de 
sus misiones personales y sus conoci-
mientos. Bernadette Wright tiene una 
misión personal para fortalecer la capa-
cidad de autoevaluación de las organi-
zaciones; entre otros en salud, servicios 
humanos, educación y vivienda. Steven 
Wallis tiene la misión personal de con-
tribuir al avance de la teoría social en 
los campos de investigación, en parti-
cular mediante la mejora de las capaci-
dades de investigación en diversas dis-
ciplinas, incluida la filosofía, la ética y el 
aprendizaje organizacional, etc. identi-
ficando las condiciones básicas de una 
teoría buena y robusta, que es aplicable 
en todos los campos de la teoría, y las 
consecuencias, que surgen de esa idea. 
Se promete a los lectores convertirse rá-
pidamente en investigadores más efec-
tivos a través de instrucciones claras, 
directas y concisas en el libro.

El libro está organizado en 7 capí-
tulos. Cada capítulo se presenta inicial-
mente como un sistema de tres conjun-
tos principales de variables o tareas, que 
se concatenan entre sí, es decir, siempre 
dos conjuntos de factores influyen en el 
tercer factor.

Como un desafío importante para 
cualquier investigador, los autores plan-
tean inicialmente la pregunta:

¿Quién maneja significados, interpre-
taciones y entendimientos en proyec-
tos de investigación?

Responden que dentro de cada 
proyecto de investigación, muchas par-
tes interesadas pueden tener interés en 
el tema. Cada grupo de partes interesa-
das tiene su propio interés en el tema y, 
por lo tanto, diferente “comprensión” 
para apoyar estos intereses, que se pre-
sentan como diferentes percepciones, 
conocimientos y teorías, lo que lleva a 
diferentes proposiciones y conceptos.

En consecuencia, la gestión del 
significado es solo un tema central de 
cualquier investigación. Los autores es-
tablecen urgentemente que el conoci-
miento no puede surgir de la gestión del 
significado solo. Por un lado, el cono-
cimiento conecta el significado con los 
datos y la lógica. Por lo tanto, en el capí-
tulo 2, los autores discuten el significa-
do, en el capítulo 3 Datos y el capítulo 4 
Lógica. Y, por otro lado, el conocimien-
to útil solo puede surgir de la atención 
de la ética de la investigación, que in-
cluye entre otros factores: evitar el daño 
de la investigación, el consentimiento 
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informado, la capacidad de respuesta 
cultural, la confidencialidad, la privaci-
dad, la honestidad y las buenas decisio-
nes basadas en los datos correctos .

La importancia del libro radica 
en el hecho de que en cada capítulo los 
autores abordan cómo los problemas 
de investigación pueden resolverse con 
estrategias de mapeo y, finalmente, con-
vertirse en una acción práctica. Capítu-
lo 2: Mapeo colaborativo para encon-
trar “significado conjunto”. Capítulo 3: 
Mapeo de investigaciones y materiales 
relacionados para ampliar conjuntos 
de datos. Capítulo 4: Evaluación crítica 
de la propia investigación a través de la 
medición de conceptos y conexiones en 
el propio mapa. Capítulo 5: Evaluación 
de la estructura de los mapas, p. revi-
sando enunciados de problemas, mé-
todos y muestras, resultados e ideas e 
identificando limitaciones. Capítulo 6: 
Colaboración con otros investigado-
res: encontrar personas y sus mapeos. 
Capítulo 7: Crear mapas y convertir las 
asignaciones en acción. Tres apéndices 
complementan los 7 capítulos: A) Es-
trategias avanzadas para hacer que los 
mapas sean más útiles. B) Crear un in-
forme de muestra C) Métodos de inves-
tigación para construir mejores mapas. 
Cada capítulo se complementa con a) 
un conjunto de “definiciones” resalta-

das, que explican los conceptos clave; 
b) con recomendaciones para “detener-
se” en este punto para reflexión y dis-
cusión, y; c) con “consejos de viaje” que 
explican algunos detalles del proceso 
de pensamiento emergente. Más allá de 
eso con la repetición de “puntos clave”, 
listas de “preguntas frecuentes” y suge-
rencias para “exploración adicional”. El 
libro tiene la capacidad de guiar a todos 
los académicos, jóvenes o experimen-
tados, que deseen abandonar nichos de 
investigación y ampliar sus perspectivas 
sobre campos de investigación particu-
lares a través de la integración de teorías 
fragmentadas en una teoría más amplia 
y profunda, que debería ser más sólida 
y tener más significados sustanciales 
que los fragmentos independientes y 
separados. Esto es importante porque 
las soluciones de problemas pasados   
y futuros solo son factibles cuando se 
basan en una teoría sólida y datos ex-
celentes, que permiten la aparición de 
significados consistentes en un mayor 
número de personas interesadas y afec-
tadas. Esto es importante para todas las 
sociedades y grupos de interés dentro 
de las sociedades, y significa para nues-
tro futuro que podría haber alguna po-
sibilidad de resolver algunos de los nu-
merosos problemas urgentes en todas 
las sociedades de todo el mundo.

为了出版这本书，Bernadette Wright和Steven E. Wallis通过运用个人任

务和知识的互补性，共同努力增强自己的工作实力。 Bernadette Wright

的个人使命是增强组织的自我评估能力。其中包括卫生，公共服务，教育

和住房。史蒂文·沃利斯（Steven Wallis）的个人使命是，通过提高包
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括哲学，伦理学和组织学习等在内的各个学科的研究能力，为整个研究领
域的社会理论发展做出贡献。通过确定适用于所有理论领域的良好而健壮
的理论的基本条件，以及从该见解中得出的后果。希望读者能通过书中清
楚，直接和简洁的说明迅速成为更有效的研究人员。

本书分为7章。最初，每一章都是由三个主要的变量或任务集组成的系
统，这三个变量集或任务是相互连接的，即，始终有两组因素影响第三因
素。

对于任何研究人员来说，主要挑战都是作者最初提出的问题：

谁管理研究项目中的含义，解释和理解？

他们回答说，在每个研究项目中，许多利益相关者可能对该主题感兴趣。
每个利益相关者群体对该主题都有自己的兴趣，因此，为了支持这些兴趣
而有不同的“理解”，这些“理解”以不同的看法，知识和理论表示，从
而导致不同的主张和概念。

因此，意义管理只是任何研究的核心问题之一。作者紧急确定知识不能仅
凭意义的管理而产生。一方面，知识将意义与数据和逻辑联系起来。因
此，在第2章中，作者在第3章“数据”和第4章“逻辑”中讨论“意义”
。而且，另一方面，有用的知识只能从研究伦理的关注中浮现出来，其中
包括以下因素：避免研究的伤害，知情同意，文化响应能力，保密性，隐
私，诚实和基于正确数据的良好决策。

本书的重要性在于，在每一章中，作者都  论述了如何通过制图策略解决研
究问题，并最终将其转化为实际行动。

第2章：协作映射以查找“联合含义”。

第3章：相关研究和资料的映射，以扩大数据集。

第4章：通过在自己的地图上测量概念和联系对自己的研究进行批判性评
估。

第5章：评估地图的结构，例如通过研究问题陈述，方法和样本，结果和
见解，并确定局限性。

第6章：与其他研究人员合作：查找人及其映射。

第7章：创建映射并将映射变为行动。

三个附录对7章进行了补充：

A）使地图更有用的高级策略
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B）创建样本报告

C）建立更好的地图的研究方法。

 
每章都有以下补充：a）一组突出的“定义”，解释了关键概念； b）提出
建议“在此刻停止”以进行反思和讨论，并且； c）通过“旅行技巧”解
释新兴思想过程的一些细节。 除此之外，重复“要点”，“常见问题”清
单和“进一步探索”的建议。 该书有能力指导所有希望离开研究领域的学
者，无论年轻还是有经验的，并通过将零散的理论整合到一个更广泛，更
深入的理论中来扩大他们对特定研究领域的观点，这些理论应该更强大，
更强大。比独立和分开的片段更具有实质意义。 这很重要，因为只有在
基于可靠的理论和出色的数据的情况下，解决过去和将来问题的方法才可
行，这可以使大量感兴趣和受影响的个体中出现一致的含义。 这对于社
会中的所有社会和利益集团都很重要，这对于我们的未来意味着可能有机
会解决全球所有社会中众多紧急问题中的一些问题。
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