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Executive summary

This  deliverable  reviews  discussions  and  highlights  of  project  NESS 
concerning state of the art in the field and success stories of non-equilibrium 
approaches to economics and society. It is split in three parts. In the first part,  
we present brief  views on three different events which were either directly 
organised  by  NESS or  where  NESS partners  actively  participated.  In  the 
second  part,  we  present  selected  brief  statements  of  participants  of  the 
workshop  on  Grand  Challenges  in  Non-Equilibrium  Science  which  was 
organised by  NESS in  Brussels  in  March 2012.  In  this  meeting,  four  key 
themes for non-equilibrium social science were eventually identified:

• Agent Behaviour and Networks,

• Systems, Evolution, Resilience, 

• Big Data, Predictability,

• Fit for Purpose (or possibly Fitness for Purpose).
They will represent the focus of NESS activities in the future.

In the third part of this deliverable, we document two books by NESS partners 
that have been made available in the previous year. The first book, Positive 
linking by Paul Ormerod, has been already published and received positive 
acclaims in the press. The author argues in the book that the mechanistic 
viewpoint of conventional economics is drastically limited –  because it cannot 
comprehend the vital nature of networks. As our societies become ever more 
dynamic  and  intertwined,  network  effects  on  every  level  are  increasingly 
profound. To grapple successfully with the current financial crisis, businesses 
and politicians need to grasp the perils and possibilities of Positive Linking.  
Our  social  and  economic  worlds  have  been  revolutionised  by  a  massive 
increase in our awareness of the choices, decisions, behaviours and opinions 
of other people. Network effects – the fact that a person can and often does 
decide to change his or her behaviour simply on the basis of copying what 
others do – pervade the modern world. As Ormerod shows, network effects 
make conventional approaches to policy, whether in the public or corporate 
sectors, prone to failures. But they open up the possibility of truly 'Positive 
Linking'  –  of  more  subtle,  effective  and  successful  policies,  ones  which 
harness our knowledge of network effects and how they work in practice.

The second book, The structure of information economy by Yi-Cheng Zhang, 
is  not  completely  finished  yet  but  some  of  its  chapters  have  been  made 
already  available  online  for  reading  and  discussion  at  www.nessbook.org. 
Inspired by Soros's Reflexivity Theory,  Zhang first extended his early work of 
“marginally  efficient  markets”  to  have  a  general  framework  of  a  non-
equilibrium finance theory.  After  realizing that what  works for finance must 
work also for consumers, the originally limited scope of the new framework 
expanded  to  cover  various  areas  ranging  from  psychology,  history,  and 
philosophy to information technologies.
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Introduction

This deliverable reviews discussions and highlights of project NESS in its first year. It is split  
in three parts. In the first part, we present brief views on three different events which were 
either  directly  organised  by  NESS or  where  NESS partners  actively  participated.  In  the 
second part, we present selected brief statements of participants of the workshop on Grand 
Challenges in Non-Equilibrium Science which was organised by NESS in Brussels in March 
2012. In the third part,  we document two books by NESS partners that  have been made 
available in the previous year. The first book, Positive linking by Paul Ormerod, has been 
already  published  (Faber  and  Faber,  July  2012).  It  is  represented  here  by  an  extended 
description  written  directly  by  the  book's  author.  The  second  book,  The  structure  of 
information economy by Yi-Cheng Zhang, is now in the final stages of its editing. The first 
six  chapters  have  been  already  made  available  by  the  author  for  free  reading  online  at 
www.nessbook.org.  Here  we  show  a  shortened  version  of  its  third  chapter  on  the 
informational selection.
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Part 1 – Notes and views from meetings

1.1 Notes From the Meeting with Joseph Stiglitz (Matúš Medo)
Joseph Stiglitz is an American economist and a professor at Columbia University. He is a 
recipient of the Nobel Memorial Prize in Economic Sciences (2001). He is known for his 
critical  view of  the  management  of  globalization,  and of  free-market  economists.  Joseph 
Stiglitz is an associated partner of NESS. The one meeting started with a brief introduction of 
NESS and its  vision by Yi-Cheng Zhang the discussion turned the problems that  Joseph 
Stiglitz views as the current most important challenges in economics. Here follows a brief 
and condensed transcript of his main points.

We need to understand why the current methods of risk management and distribution worked 
so poorly in the 2007 crisis. Sub-prime mortgages represented only a tiny fraction of the total 
capital, yet they brought havoc to the world of finance. What kind of better models do we 
need?  To  answer  that,  we  need  to  study  positive  feedback  mechanisms,  multipliers  and 
accelerators, in the economy (e.g., unemployment increase lowers the overall purchase power 
and thus creates pressure on the remaining jobs in the economy). In particular, there are many 
actions that stabilize the situation in the short term yet they destabilize the system in the long 
run. For example, storing grain in silos by US farmers in 1930s first helped to stop the grain 
price decline but when the storage capacities were exhausted, it further amplified it. Much 
more recently,  we have seen how central banks tried to help the economy by cutting the 
interest rates. However, this made investment capital very cheap which in turn led to massive 
investments of companies in machines and robots that can replace low-skilled workers. A 
short-term boost by central banks can thus create long-term unemployment of workers and 
put the whole recovery and social stability in danger.

Risk sharing agreements among agents are  designed to help agents sustain small  shocks. 
However, when a big shock comes, risk sharing allows it to propagate from the affected agent 
to the others, possibly affecting the whole system. In some sense,risk sharing puts all the risk 
into the tail: most of time (when small shocks come), things are fine and the system appears 
to  be  very  robust.  Vulnerability  of  the  system unveils  only  when  a  large  enough shock 
appears.  This  shift  of  risk  is  problematic  also  because  in  economics,  data  samples  are 
inherently small and it is very difficult to find sufficient statistics for low-probability events. 
Further, behavioral economics teaches us that we are very bad in handling low-probability 
events: a few good years easily get interpreted as a sign of a perpetual growth. Risk sharing 
may  even  act  as  a  legal  Ponzi  scheme,  attracting  many  participants  in  good  times  and 
catching them by surprise later.

As a final remark, to have some impact, NESS has to be built on the standard way how 
people think about economics. Utility maximization by perfectly rational agents is mostly a 
poor model of real life but there are many other basic assumptions in economics that can be 
kept untouched. Our ultimate goal could be to focus on crises that represent the greatest 
challenge in the current economics and try contribute to their understanding, modeling, and 
preventing.
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1.2 Reflections on the Conference on teaching of economics at universities 
(Bridget Rosewell)
At the Conference on teaching of economics at universities, there was probably a consensus 
that micro economics had made more progress than macro in recent years and that students 
should be taught more economic history (and possibly the history of economic thought), but 
beyond this there was perhaps insufficient willingness to engage in setting out the principles 
of the subject.

Andy Haldane of the Bank of England drew attention to the importance of networks in many 
markets  and how standard  economics  made  no  allowance  for  the  impact  of  one  market 
participant on another. But the group did not really focus on these approaches, and I think 
largely  prefers  to  consider  how adjustments  can  be  made  to  the  existing  approaches  to 
maintain as much as possible of the canon – even though it is not true!

Of  course  there  are  circumstances  in  which  the  standard  model  of  independent  market 
participants, able on average to build a good model of the market, in a rational way, will be a 
sensible approach. But there are many circumstances when these conditions will not hold. It 
was noteworthy that innovation, growth, and disruption got little coverage at the conference. 
What is the model for considering large scale investment which will change connectivity 
between  markets  for  example?  What  about  technical  innovation  which  disrupts  markets. 
These are the sorts of changes which have been a distinguishing feature of capitalism and 
which have made possible the standard of living, health and longevity we now enjoy. We 
didn't discuss these non-equilibrium phenomena and we must.
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1.3 Report On The NESS Workshop in Ancona 2012: Micro-Foundations 
And Systemic Impact (Ermanno Catullo and Sven Banisch)
In the inspiring landscape of the Conero Mountains near Ancona, for three days, researchers 
from different disciplines participated in discussions focused on the analysis of the concept of 
micro-foundations  in  economics.  Conceiving  economy  as  a  complex  and  evolving  non-
equilibrium social systems leads to the necessity of overcoming crucial neoclassical model 
assumptions, in particular the use of the maximizing representative agent as an instrument to 
aggregate  micro  behaviors  to  macro  patterns.  Thus,  most  of  the  presentations  aimed  at 
redefining in both theoretical and operational dimensions the characteristics of agents and 
their interactions to allow a better understanding of micro and macro economic phenomena.

In effect, micro-foundations can be defined and operationalized in the light of the aggregation 
problem.  According  to  Alan  Kirman,  socio-economic  phenomena  are  the  result  of  the 
interaction of heterogeneous agents in complex adaptive out of equilibria systems. As in that 
complex adaptive systems macro results can not be inferred directly from agents behaviors, 
micro-foundations to grasp macro results have to take into consideration crucial aspects of 
the  socio-economic  environment  as  the  cognitive  limits  of  agents  following  simple 
procedures to explore their possibilities, the effects of direct interactions among them through 
networks and the presence of micro and macro thresholds.

Paul Ormerod emphasizes the importance of defining realistic micro-foundation in consumers 
behavior.  Ormerod  gave  various  examples  showing  that  it  is  becoming  more  and  more 
difficult  to  rationally  evaluate  a  growing  number  of  alternatives  with  increasingly 
indistinguishable characteristics. In fact, the utilitarian approach to the analysis of consumer 
behaviors  is  limited  by  the  continuous  interaction  between  tastes  and  product  evolution. 
Moreover,  tastes  and  preferences  Paul  Ormeare  settled  dynamically  in  the  search  and 
consumption processes. Consumption is a social phenomena: consumers' preferences emerge 
from the unceasing mutual influence of agents, especially in markets with many competing 
product varieties with a set of different and hardly distinguishable characteristics.

A central role in the evolution of preferences and in the dynamics of transactions is played by 
information.  According  to  Yi-Cheng  Zhang,  information  diffusion  and elaboration  in  the 
flows of knowledge through social network reshapes continuously both the economic system 
and the individual agents behaviors, assuming a strategic role in agents interactions.

The evolving nature of choice as an interacting process reduces the possibility  of basing 
macro models on stable individual decision making parameters (deep parameters). In fact, 
according to  1,  the  distance  between micro  and macro  dimensions  of  analysis  allow the 
possibility of studying macro phenomena through aggregate structural macro models, that can 
be founded on agent based simulations which consider macro patterns as emerging properties 
of micro behaviors.  According to John Rosser,the micro and macro levels gap should be 
analyzed  in  the  light  of  the  dialectics  between  selection  and  emergent  self-
organizations:political economic systems evolve through competition but at the same time 
there are moments of discontinuity in which higher level structures emerge.

Considering  that  nowadays  firms  operate  in  a  system of  markets  in  which  they  mainly 
produce  transactions,  Peter  Howitt  emphasizes  the  importance  of  market  institutions  in 
determining the emerging patterns of a self-organizing economy. In fact, the Clower-Howitt 
simulation model is based on simple transactor and consuming agents, which lead through 
their interaction to the evolution of markets and macro patterns.
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The functioning of  market  has  been explored  also by Maria  Augusta  Miceli  in  a  micro-
economic  basic  setting  with  heterogeneous  agents.  Simulations  of  the  functioning  of  an 
abstract exchange market underline the welfare limits of exchange in the absence of a perfect 
auctioneer.

Agent  heterogeneity  assumes  also  a  crucial  role  in  the  modeling  of  DSGE to  deal  with 
financial  crisis,  in  particular  the  alternation  of  period  of  great  stability  (`the  great 
moderation')  with  tremendous  volatile  ones.  According  to  Patrizio  Tirelli,  a  pragmatic 
approach  to  study  business  fluctuations  and  financial  crisis  could  be  to  consider  two 
typologies  of  consumers:  rule  of  thumb  ones,  which  consume  all  their  income,  and 
maximizing ones, which are also able to save.

Domenico Delli Gatti underlines the importance of following pragmatic approaches to micro-
foundations which permit to combine DSGE analysis with agent based simulation models. In 
effect, allowing agent heterogeneity and assuming that production capacity is bounded by 
financial resource access, it is possible to analyze business fluctuation and financial crisis 
according to the Minskyan approach to systemic financial fragility.

Heterogeneity in a spatial setting is at the center of the matching mechanism in the agent 
based  model  presented  by  Herbert  Dawid  on  labor  market  frictions  and  economic 
convergence in EU. The micro-foundations of the model, in particular the ones regarding 
firms and workers behavioral rules are based on empirical evidences, drawn by management 
and consumer literature.

Giovanni  Dosi  also  underlines  the  importance  of  micro-foundations  based  on  empirical 
evidences,  refusing  atomistic  and  optimizing  behaviors  of  mainstream economics,  while 
agent based simulation is  conceived an appropriate  tool to model interacting agents with 
bounded rationality in an out of equilibria setting. In particular, agent based simulation can 
combine in  a  coherent  framework Schumpeterian  innovative  mechanisms with a  demand 
driven economy, considering also the importance of redistributive policies on the dynamic of 
the business cycle.

Following  Simone  Landini,  heterogeneity,  interaction  and  the  stochasticity  of  agents' 
behaviors constitute the micro-foundations of the analysis of economy as a complex system. 
This  is  developed in  the  context  of  analytically  solvable  heterogeneous  interacting  agent 
based models (ASHIA), which perform data generating process of aggregate quantity through 
a  master  equation  or  the  mean  field  approach,  giving  also  the  possibility  of  introducing 
network analysis,  system hierarchization and learning capabilities.  Analytical  approach to 
link between the micro and the macro level is proposed also by Sven Banisch, through the 
analysis  of  aggregate  level  Markov  chains.  Under  a  set  of  restricting  assumptions 
(lumpability) macro models can account for micro behaviors, but the gap between micro and 
macro increases with the heterogeneity at the micro level.

One of the contributions of the Ancona workshop was clearly that researchers working with 
agent-based  models,  DSGE  tools,  and  aggregate  macroeconomic  models  were  brought 
together and discussed their views on a new generation of micro-foundations. The definition 
of  new  micro-foundations  is  strictly  linked  with  the  conceptualization  of  the  shifting 
relationships  between  micro  and  macro  levels.  Thus,  the  non  equilibrium social  science 
research program may represent an attempt of analyzing socio-economic system evolution as 
the dynamics of micro-founded multilevel systems.
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Part 2 – Statements by the participants of the Grand 
Challenges meeting

2.1 - Alex Bentley (University of Bristol)
Non-equilibrium social science (NESS) means that human societies are in flux, that they are 
always becoming something different. From birth, people learn their behaviours from each 
other,  but  with  a  degree  of  noise,  or  random actions,  that  keep  new behaviours  fluxing 
through  society.  With  these  elements  –  flux,  social  interaction  and  randomness  –  under 
selection, many of the dynamics we see in real social systems are possible.

Flux means that human societies are never the same from one day to the next, new babies are  
born, people die, and new technologies exist every day that change the way we interact. In 
the extreme view, every new day has infinite possibility, which we ourselves constrain due to 
habit of previous actions. Yesterday I went to work, today I will go to work. Occupations and 
forms of parenting are passed down through multiple  generations.  The Little Red Riding 
Hood folktale is many thousands of years old, and Europeans have had nuclear families and 
lived  in  square  houses  since  the  Neolithic.  Among  our  ancient  hominin  ancestors,  the 
technique for knapping the Ascheulian hand axe, a versatile stone tool, changed little as it 
was  taught  from one generation  to  the  next  for  a  million  years,  or  about  fifty  thousand 
generations.

This resilience of human behaviour over the generations reflects our remarkably sophisticated

ability to learn from one another. Noam Chomsky famously reasoned that young children are 
hard-wired to learn language from birth; an entire language is re-created in the first years of 
every  person's  life.  In  this  way,  knowledge becomes  viewed as  an  emergent  property  of 
interconnected human minds, connected through time as well as space.

Change  nonetheless  happens,  because  randomness  is  introduced  through  creativity,  non-
conformity to mere accidents. Local innovations can get amplified as generations learn from 
generations, a process which maintains heterogeneity in the cultural landscape. For example, 
in the same parts of North Cameroon and Chad, the Moussey, Massa and Toupouri have a 
common  genealogical  origin,  the  same  technology  and  they  intermarry,  yet  they  grow 
different crops, gather different wild foods and fish and raise livestock in different ways, and 
each sneers at the food habits of the others. Similarly, a diversity of ideas is bound persist in 
the Internet age, despite the 'globalised' connectivity.

Of course, there is only limited space for success in the world, as Darwin famously realized.  
The results of all these processes are trimmed by selection. Even 'rational' human behaviour 
is something that evolved by natural selection over hundreds of thousands of years.

These elements -- flux, learning, selection and random events -- can yield very powerful yet 
parsimonious quantitative models of NESS. Many of the classic 'emergent'  phenomena in 
real-world data can be replicated, including right-skewed distributions, spatial heterogeneity, 
and turnover in the cultural repertoire. Population size, invention rate, interaction network 
and time span become the key parameters. In this way, NESS changes our view of what to 
measure and what can and cannot be predicted in human societies.
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2.2 Jean-Philippe Bouchaud (CFM & Ecole Polytechnique)
Financial  markets,  the  economy,  other  social  phenomena  exhibit  crises,  ruptures,  sudden 
discontinuities that resemble far-from-equilibrium phenomena more than equilibrium ones 
Interactions  between  agents  can  be  good:  trust  &  collaborations  are  needed  for  many 
collective achievements and are good for the economy, trust is needed to create fiat money, to 
levy  taxes.  A common  culture  often  leads  to  more  trust  and  efficient  interactions.  But 
interactions  can  be  bad:  unstable  feedback  loops  (panic,  crashes,  evaporation  of  trust, 
collective madness of crowds) or blocked situations very far from optimality.

Understanding these effects quantitatively requires faithful decision making/choice models:

• Utility  maximisation:  often  discards  interactions.  When  these  are  included,  new 
effects are found, for example many equilibria – but the problem soon becomes NP 
hard so the utility maximisation premise itself is inconsistent.

• Stochastic evolution in the space of choices. Many possible rules apriori. A popular 
one – because it leads to a Gibbs equilibrium – is to postulate a detailed balance rule 
(for example: classical choice theory assumes a logistic rule). In the “low noise” limit, 
this recovers utility maximisation.

• Interactions  and  heterogeneities  lead  to  many  interesting  effects,  in  particular 
hysteresis, slow dynamics and the impossibility to reach equilibrium in a reasonable 
time – cf. the “dynamical” tragedy of the commons.

• From a theoretical point of view: the dynamical theory of such models has made a lot 
of progress recently (mean-field, dynamical cavity, ..).

Many missing or inadequate features of classical choice theory:

• “Utility” can be space dependent and reveal the existence of a cultural field, with an 
interesting dynamics of its own – see our recent results on election turnout with Ch. 
Borghesi.

• “Utility” can be time dependent to model habit formation and the fear of the unknown 
– this can lead to strong “self-trapping” effects.

• The stochastic dynamical rule should – generically – violate detailed balance

Choice theory lacks micro-foundations and is mostly axiomatic:

• Are we happy with the cartoon models we already have?

• What  type  of  experiments/data/arguments  would  help  finding  the  right  class  of 
models?

• What  are  the  generic  properties  of  non detailed-balance  models?  This  is   a  huge 
question, that goes far beyond social science.
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2.3 Mark Buchanan (freelance writer)
Since the late 19th century, mathematical economics has mostly been equilibrium economics; 
it views markets and economies as reflecting a balance achieved as agents seek their own 
ends while constrained by various factors.  In the 1950s, celebrated theorems proved in a 
general abstract market model that an equilibrium really does exist, and that it has certain 
"optimal" properties. Naturally, economists at the time immediately sought to understand the 
stability of this equilibrium, as its practical relevance would rest entirely on that property.

Yet when studies found negative results -- the general competitive equilibrium is not stable – 
theorists  for  the  most  part  simply  ignored  this  inconvenient  fact  and went  on  as  before. 
American economist  Milton Friedman set  the tone:  "the study of the stability  of general 
equilibrium is unimportant... because it is obvious that the economy is stable...."

Compare this with the history of efforts to understand the general circulation of the Earth's 
atmosphere. In 1735, George Hadley suggested that warmer air near the equator should rise 
skyward, flow toward the poles in the upper atmosphere, and then descend and cool near the 
poles, afterwards flowing back toward the equator at the surface. A stable looping flow in a 
balanced equilibrium. Hadley's balance explained the trade winds that navigators had written 
about and depended upon for centuries.

Hadley's explanation was so tidy and satisfying that it took about a century for scientists to 
notice that it is mostly wrong, as the looping flow only stretches from the equator out to about 
30 degrees latitude.  Beyond, in the mid latitudes,  there's no stable balance,  but ceaseless 
change, storms and weather fronts, meandering cyclones and anti-cyclones – turbulence.

What most of us call the weather was only understood in a basic conceptual way beginning in 
the 1940s. The key insight is that no steady equilibrium-like flow can account for the ever-
shifting patterns of air  flows,  which arise  instead from perpetual  instability.  The primary 
culprit  is  the  “baroclinic  instability”  –  created  by  any  misalignment  between  the  local 
gradients of pressure and density – which naturally generates swirling vortices of air. This 
instability  routinely  creates  large  eddies  that  drift  through the  mid  latitudes,  causing  our 
unpredictable weather.

Conclusion:  storms  and  weather  fronts  aren't  insignificant,  accidental  "details"  of  the 
atmospheric flow, but absolutely central to the way the Sun's energy flows about the planet.

The primary Grand Challenge for economics in to achieve the same conceptual liberation that 
atmospheric scientists did back then -- to accept that equilibrium thinking is fundamentally 
limited, and that natural elements of instability and turbulence drive important macroscopic 
economic outcomes. The notion of equilibrium isn't useless; even in atmospheric physics the 
idea  explains  many  things.  But  it  represents  a  conceptual  straitjacket  for  the  natural 
understanding of economic weather.

In pursuing this grand challenge, progress will come mostly through efforts to tackle specific 
problems, such as understanding the natural feedback processes driving asset bubbles, credit 
and leverage cycles, stress propagation in banking networks, as well as novel phenomena in 
new areas such as high frequency trading.
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2.4  Kristin  Glass (New  Mexico  Institute  of  Mining  and  Technology, 
Socorro,  NM  USA),  Rich  Colbaugh  (Sandia  National  Laboratories, 
Albuquerque, NM USA)
It is widely recognized that the availability of Web data, such as blog content, conversation 
threads  among  forum  participants,  and  relationships  in  social  networking  sites,  has  the 
potential to revolutionize the way social  science research is conducted.  For instance, vast 
amounts of information are generated each day by social media content producers worldwide, 
thereby providing an essentially real-time view of the activities and trends of individuals and 
groups across the globe. These data are particularly valuable for research in Non-Equilibrium 
Social Science, as they offer the high-resolution time series traces of human activity which 
appear to be essential to understanding dynamical social phenomena. Of course, the task of 
making sense of these massive volumes of information – often referred to as the ‘big data’ 
problem (BDP) – is extremely challenging.

We propose that, in addition to being consumers of information extracted from the Web and 
other large data sources, NESS can contribute in crucial ways to the Grand Challenge of 
gathering and analyzing ‘big data’. While disciplines such as statistics, network theory, and 
computer  science  are  central  to  most  approaches  to  the  BDP,  the  social  sciences  have 
remained  on  the  periphery.  Recent  research  suggests  that  this  lack  of  participation  is  a 
reflection of artificial domain boundaries rather than an absence of applicability or relevance. 
A review of some of this work is provided in [Glass/Colbaugh 2012], and here we offer a 
brief summary of one way to leverage NESS for BDP analysis.

There  is  significant  interest  in  developing  methods  for  predicting  human  behavior,  for 
instance to enable forecasting the outcomes of unfolding events or inferring the nature of 
ongoing but “hidden” activities. A promising approach to obtaining such predictions is to 
identify  and  collect  empirical  data  which  appropriately  characterize  the  phenomenon  of 
interest and then to analyze these data using machine learning (ML) methods. Existing ML 
techniques, however, face at least two challenges. First, the prediction accuracy obtainable 
even with state-of-the-art algorithms is sometimes insufficient for the task at hand, such as 
when the predictions are to be used to inform high-consequence decisions. Second, applying 
ML techniques typically requires that significant quantities of data be collected and “labeled”, 
which is an expensive and time-consuming undertaking.

We propose that these challenges can be overcome by incorporating NESS models into the 
development and implementation of ML data analysis techniques, and offer three ways this 
can  be  accomplished.  First,  consider  the  problem  of  predicting  whether  nascent  social 
diffusion events will ultimately propagate widely or will instead quickly dissipate. We have 
shown  that  “complex  contagion”  models  from  sociology  can  be  used  to  identify  novel 
features of the diffusion phenomenon which are predictive of the diffusion’s fate, and that 
these features can be used in ML algorithms to generate the desired forecasts. Second, we 
have found that simple game-theoretic models from economics can be combined with ML to 
enable future actions of opponents in adversarial settings to anticipated and countered. Third, 
we  have  demonstrated  that  the  social  psychological  theory  of  structural  balance  can  be 
exploited to enhance ML solutions to the problem of inferring the (unobserved) nature of 
relationships in social networks. In all cases the sociologically-grounded learning algorithms 
are shown to outperform existing “gold-standard” methods in empirical tests.
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2.5 Robert Nield (Universty of Cambridge)
Human beings have a capacity for language and writing that permits them to generate ideas 
and pass them cumulatively from generation to generation. We keep inventing new products 
and processes, and also new forms of organisation and new types of contract to facilitate 
production and exchange.

These  innovations  evolve  like  new  biological  species.  In  nature,  random  mutations  and 
recombinations of genes give rise to new species of which few survive. In economics, human 
ingenuity  gives  rise  to  new products  and practices  of  which a  fraction  are commercially 
successful.1 In each case competition selects, and the future is unpredictable.

Innovation has been accelerating explosively as education has spread. In 2007 there were in 
the world 7.2 million scientists and engineers engaged in research and development. China 
had 1.4 million, 600 thousand more than in 2002.2

Equilibrium  economics  is  static.  And  it  rests  on  two  propositions  derived  from  the 
observation of Britain two hundred years ago: Bentham’s assertion in 1789 that ‘Nature has 
placed mankind under the governance of two sovereign masters, pain and pleasure’, which 
gave rise to the juxtaposition of work with leisure in the utilitarian calculus; and the law of 
diminishing returns derived from Ricardo’s analysis of agriculture.3 Both were reasonable 
descriptions of conditions around 1800 when workers’ lives were harsh, and the invention of 
industrial techniques, then by amateurs, was in its infancy. They are manifestly unrealistic 
now.

Evolutionary theory and psychology have been used by students of behaviour and students of 
innovation to show how different  things  are  now and why.  But  their  findings  have been 
treated  only  as  exceptions  to  the  equilibrium  model,  which  has  been  elaborated 
mathematically into the skies although its basic assumptions have been eroded by evolution.

To  regain  realism,  economists,  and  I  believe  other  social  scientists,  need  to  adopt  an 
evolutionary  approach.  They  need  to  look  at  society,  past  and  present,  with  the  aim  of 
identifying innovations of all kinds and analysing their implications. Descriptive history must 
be  the  starting point;  words  and numbers  the  prime tools  and means of  communication; 
algebra in the background. The approach is value-free,  unlike equilibrium economics and 
Marxism. By exposing the potential consequences of new innovations it invites the making of 
ethical judgements as to their merits and whether any regulation is needed. Had evolutionary 
analysis  been  applied  to  financial  markets,  the  present  economic  crisis  might  have  been 
avoided.

The application of the evolutionary approach should be eclectic.  As an example from an 
adjacent field, I attach an appendix on Garry Runciman’s evolutionary theory of sociology.

Never forget: evolution rules the world we observe; it should rule economics.

1 Paul Ormerod, Why Most Things Fail, London, 2005.
2 World Science Report 2007, UNESCO.
3 Jeremy Bentham, An introduction to the principles of morals and legislation, London, 1789.
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Appendix: Runciman’s Evolutionary Theory of Sociology

I  have  been  much  influenced  by  my  friend  Garry  Runciman’s  evolutionary  theory  of 
sociology and by conversations with him.4 He argues that:

1. Society is shaped by the pursuit of power, defined as the ability to influence or dictate the 
behaviour of other people in one’s favour.

2.  Power  comes  in  three  forms:  economic  power  (which  Marx  dogmatically  said  was 
predominant); persuasive power (from the pulpit to modern media); and coercive power (the 
threat or use of force).

3. As technology and human ideas evolve, these three types of power change in a manner 
analogous to the genetic evolution of species: new machines, new weapons, new means of 
communication and new means of organising society keep changing the way each type of 
power may be exercised and its strength.

This theory does not mean that there are no exceptional people who are not driven by a 
greedy pursuit of power. Nor does it mean that there is no free will or anything like that.

What  it  implies  is  that  you cannot  predict  how society  is  going to  evolve  because  new 
technological  ideas  and  social  ideas  evolve  as  unpredictably  as  new  mutations  and 
recombinations of genes in nature. Just as a biologist may be able to explain after the event, 
but not before, why a new species found a niche and prospered, so we may be able to say 
after the event why a new species of power was successful in changing a society. Moreover it 
may be possible to make intelligent short-run predictions when you see that a new species of 
power is emerging.

I  find  this  a  wonderfully  rational,  unmoralistic  and  coherent  approach  to  understanding 
society. Under its umbrella, evolutionary economics might be regarded as the study of the 
pursuit  of  economic  power.  But  the  temptation  to  squeeze  evolutionary  economics  and 
evolutionary sociology into one theoretical box should be resisted. In each realm, and in joint 
studies,  evidence is what must guide theory.  The pursuit  of tidy uniformity of theory too 
easily distorts one’s interpretation of reality.

4 W.G.  Runciman,  A Treatise  on  Social  Theory:  Volume  II,  Substantive  Social  Theory, 
Cambridge, 1989.
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2.6 Andy Ross (Deputy Director Government Economic Service, GES)
Crisis is bad for the economy but good for progress in economics. It raises awareness of 
alternative, competing and ‘other’ complementary approaches and paradigms. 

GES members are civil servants with an economics background and a busy day job: They 
often  have  limited  time  to  keep  up  with  theoretical  advances.  Hence,  they  rely  on  the 
economics profession to guide them to good economics. Their exposure to non-mainstream 
economics  is  limited  but  what  they  read  shapes  their  perceptions.  Most  policy  adviser 
economists are not strong believers in any particular model. They are pragmatic and sceptical 
about the reliability of ‘high theory’.

Some ‘freshwater economists’ have sought impose their own selective definitions of rigour 
on the discipline. While they provide valuable insights such as the Lucas Critique and the 
importance of  Lincoln’s  Maxim,  they  largely  ignore reasonable challenges.  For  example: 
correspondence with empirics; using construction assumptions which are seldom dropped e.g. 
representative agents; and theoretical challenges to the rigour of their own microeconomic 
foundations, such as the Sonnenschein-Mantel-Debreu results and the Cambridge critiques.

Hitherto, network and non-equilibrium approaches have not made much impact among policy 
advisers, even though no economy remotely ‘looks like’ equilibrium. Now is a good time to 
raise their profile and to show why these approaches are promising. They offer new insights 
but their influence will depend on engaging with practitioners in government and getting into 
the textbooks.

The GES believes that rigour is important, but then so is the need to join-up with the rigour  
from different  disciplines.  What  is wrong  and  unscientific  is  to  defend  one’s  own  field 
relentlessly and with hostility to others.

It is far too early to reject any of the major paradigms. We need a toolkit, but one that we use 
with scepticism. We need to learn from other disciplines, not just try to take them over! 

For economists to be good employees for the GES they need to be pragmatic, challenging, 
pluralistic and eclectic. Teaching economics as received wisdom does not prepare economists 
for this employment.

A lot of discussion about degree courses focuses on preparing students to enter academia, but 
the reality is that most students are looking for jobs outside academia e.g. the media is full of 
economists, so is the civil service, entrepreneurs etc. We need to provide for this.

The requirements  outside  academia are different.  All  economists  should exhibit  humility, 
given the provisional and tentative nature of economics, but the economist who can only say 
that ‘things are difficult and complex’ will not be invited back by a CEO or a Minister. We do 
need to teach economists how to come to a reasoned judgment and how to brief others.
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2.7  J.  Barkley  Rosser,  Jr.  (Professor  of  Economics,  James  Madison 
University)
In the spirit of seeking four main outcomes of the workshop I shall focus on four main ideas, 
some of which have already been suggested by other participants in one form or another. I 
shall also provide a bit of a bibliography.

Complex emergence and non-equilibrium dynamics

Many  non-equilibrium  dynamical  systems  are  nonlinear  and  thus  subject  to  dynamic 
complexities of a variety of sorts. Is the emergence of higher-order structures or patterns out 
of lower order ones, a deep idea of complexity that sees wholes emerging from parts that are 
qualitatively distinct from the parts, not a mere summation of them (Schelling, 1978). This is 
relevant across many social sciences from new political orders such as the European Union, a 
social grouping can emerge from initial individual ones such as a new religion, or aggregate 
dynamics  in  economics  out  of  microfoundations  of  one  sort  or  another  (Kirman,  2010; 
Rosser, 2012).

Complex evolutionary processes as fundamental to non-equilibrium dynamics

There is a non-trivial relationship between this theme and the previous one as some of the 
most dramatic elements of evolutionary processes involve emergence of higher order forms 
from lower order ones, such as multi-cellular organisms from single-celled ones, and so forth. 
In social sciences, the evolutionary trinity of reproduction, variation, and natural selection 
drives many dynamical social processes in a way that is constantly disrupting or changing 
any equilibria that may arise for however long. It is a constant process of change, with the 
most  important  ones  being larger  scale  and unpredictable  (Hodgson and Knudsen,  2006; 
Mirowski, 2006; Rosser, 2012 chaps 6-7).

Non-equilibrium ordering structures

That so many important dynamical processes in social systems are not driven by equilibrium 
dynamics does not mean that they fail to reflect ordering processes. As Point II was arguably 
implied by Point II, so this may be implied by both of these. A major form these orderings of 
structures  may take may be statistical,  able  to  be  understood by reference to  ideas  from 
physics such as, particularly statistical mechanics (Bouchaud and Potters, 2003; Yakovenko 
and  Rosser,  2009;  Lux,  2010),  as  well  as  from  biology  as  with  evolutionary  processes 
(Rosser, 2010a).

Resilience versus stability as a profound problem of non-equilibrium systems

Much of equilibrium economics emphasizes ideas of the supposed efficiency of equilibria, 
with arguments for many policies and approaches justified as contributing to the stability of 
such supposedly stable equilibria. However, a deep argument from ecology (Holling, 1973) 
suggests that this may be an illusionary approach, and that efforts to increase efficiency and 
stability may in fact reduce the resilience of systems of many sorts. Within social systems this 
can  include  political-economic  systems  such  as  the  efforts  of  centrally  planned  socialist 
economies  to  completely  eliminate  macroeconomic  fluctuations  that  led  to  the  ultimate 
collapse of the system, or the idea that introducing more instruments into a financial system 
will make it function more efficiently that may in fact undermine the system making it more 
susceptible  to  complete  collapse  (Brock  et  al,  2009).  The  problem of  enhancing  system 
resilience may be the most important able to be understood by non-equilibrium dynamics and 
is again related to the earlier points about complex emergence, evolutionary processes, and 
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the tendency of some of these to be ordered by higher level statistical structures.
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Part 3 – Books by NESS partners

3.1 Positive linking (Paul Ormerod)
Modern economic theory was first set out on a formal basis in the late nineteenth century.  
There have certainly been developments since then, but at heart the basic view in economics 
of  how the  world  operates  remains  the  same.  Economics  is  essentially  a  theory  of  how 
decisions are made by individuals, of what information is gathered and how it is used by the 
decision maker. All scientific theories, even quantum physics, are approximations to reality. 
Theories involve making assumptions, simplifications, to enable us to understand problems 
better. A key feature of a good theory is that its assumptions are a reasonable description of 
the real world.

In the early twenty-first century, just as it did in the late nineteenth, economics in general 
makes  the  assumption  that  individuals  operate  autonomously,  isolated  from  the  direct 
influences  of  others.  A person has  a  fixed  set  of  tastes  and preferences.  When choosing 
amongst  a  set  of alternatives,  he or she compares the attributes of these alternatives and 
selects the one which most closely corresponds to his or her preferences. At first sight, this  
may seem quite reasonable,  indeed even ‘rational’,  as economists choose to describe this 
theory of  behaviour.  But there is  a  serious problem with the assumption that  individuals 
operate in isolation from each other, that their preferences are not affected directly by the 
decisions of others.

The social and economic worlds of the twenty-first century are simply not like this at all. We 
are far more aware than ever before of the choices, decisions, behaviours and opinions of 
other people. In 1900, not much more than 10 per cent of the world’s population lived in 
cities. Now, for the first time in human history,more than half of us live in cities, in close, 
everyday proximity to large numbers of other people. In the last decade or so, the internet has 
revolutionised  communications  in  a  manner  not  experienced  since  the  invention  of  the 
printing press in the mid-fifteenth century.

The assumption that people make choices in isolation, that they do not adopt different tastes 
or  opinion  simply  because  other  people  have  them,  is  no  longer  sustainable.  Perhaps  – 
perhaps, and it is a big ‘perhaps’ – over a hundred years ago this might not have been a bad 
assumption to make. But no longer.

The choices  people make,  their  attitudes,  their  opinions,  are  influenced directly  by other 
people. The medium via which this influence spreads is the social  network. Often, social 
networks are thought of as purely a web-based phenomenon: sites such as Facebook. These 
can indeed influence behaviour. But it is real-life social networks – family, friends, colleagues 
– that are even more important in helping us shape our preferences and beliefs, what we like 
and what we do not like.

Network  effects,  the  fact  that  a  person  can  and  often  does  decide  to  change  his  or  her 
preferences simply on the basis of what others do,pervade the modern world. Throughout 
history, a crucial feature of human behaviour has been our propensity to copy or imitate the 
behaviours, choices, opinions of others. We can see it in the fashions in pottery in the Middle 
Eastern Hittite Empire of three and a half  millennia ago. And we can see it  today in the 
behaviour of traders on financial markets, where the propensity to follow the herd can lead all 
too easily to the booms and crashes we have lately experienced. Scientists such as Robin 
Dunbar have argued that our anomalously large brain (compared to other mammals) evolved 
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precisely because, from an evolutionary perspective, copying is a very successful strategy to 
follow.

This concept is just as crucial for companies and markets as it is for people. In September 
2008  Lehman  Brothers  went  bankrupt,  precipitating  a  crisis  which  almost  led  to  a  total 
collapse of  the  world economy and repeat  of  the  Great  Depression of  the  1930s.  It  was 
precisely because Lehman was connected via a network to other banks that made the situation 
so serious. Lehman’s failure could easily have led to a cascade of bankruptcies across the 
world  financial  network,  first  in  those  institutions  to  which  Lehman  owed  money,  then 
spreading  wider  and  wider  from these  across  the  entire  network.  Incredibly,  neither  the 
systems  of  financial  regulations  which  were  in  place,  nor  the  thinking  of  mainstream 
economics which influenced policy so strongly, took any account of the possibility of such a 
network effect.

A world in which network effects are a driving force of behaviour is completely different 
from the world of conventional economics, in which isolated individuals carefully weigh up 
the costs and benefits of any particular course of action.

A world in which network effects are important is a much more realistic description of the 
human  social  and  economic  realities  which  exist  in  the  twenty-first  century.  It  is  the 
implications of this world which I explore in this book.

Incentives have not disappeared as a driver of human behaviour. It is still the case that if, say, 
Pepsi raises its price compared to Coke, more Coke and less Pepsi will be sold. This is the 
world which economic theory describes. It is not wrong. But it is often misleading, for it 
offers only a very partial account of how decisions are made in reality. Network effects can 
be far more powerful than incentives, and we will see many examples in which network 
effects have completely swamped the impact of incentives, leading to outcomes completely 
different from those intended by policy makers.

Network effects require policy makers, whether in the public or corporate spheres, to change 
radically their view of how the world operates. In part, they make policy much harder to 
implement successfully, and they help explain many of the failures of policies based on the 
assumption that incentives and not network effects are the key drivers of behaviour. But they 
open up the possibility of much more effective and successful policies, ones which harness 
our knowledge of network effects and how they work in practice. Hence the main title of this  
book: Positive Linking.
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3.2 From natural to informational selection (Yi-Cheng Zhang)
It is often suggested that economy is similar to biology in many aspects1. Charles Darwin 
benefited  from the  insight  of  classical  economists  Adam Smith  and Thomas  Malthus2 in 
formulating his evolution theory. In this chapter we shall examine the selection mechanism in 
the economy as compared to that of Nature. Giant mammoths once roamed Siberia, but near 
the end of the last Ice Age natural elements wiped them out; gazelles on the Serengeti Plateau 
not running fast enough will soon be eaten; and Robinson Crusoe on the desert island, no 
appearance  of  finding  food  and  shelter  can  substitute  for  the  real  thing.  In  our  modern 
economy agents do not face the same harsh selection pressure; Merits and rewards are not 
tightly correlated and the motto “survival of the fittest” is less true in social economic affairs 
than in Nature3.

Unlike  the  Robinson  Crusoe  economy,  we  don’t  make  our  living  directly  from  Nature 
exclusively. Most people work inside the vast transaction zone between the production front 
of crop fields or mine shafts and end consumers. We rarely make our own cloth, grow our 
own food,  or  build  our  own dwelling.  We trade  our  can-do  skills  for  our  wants  in  the 
economy.  Since  our  performance—like  quality  of  products  and  services—is  judged  by 
fallible human agents; hence the selection strength is weaker than that of Nature4.

To highlight the difference from Darwinian Natural Selection we shall call it “informational 
selection”. What we have discussed regarding inadequate infocap in the consumer sector can 
be readily extended to other sectors along supply chains spanning from primary producers to 
end consumers. Any economic decision is chosen among multiple alternatives5; what appears 
as an inevitable sequence of events is often just one of innumerous possible scenarios that 
happen to be selected. Informational selection is ubiquitous in our economy: in the bazaar 
economy  Geertz  observed  how  informational  selection  operated;  the  book6 edited  by 
Granovetter and Swedberg is full of cases of informational selection between suppliers and 
purchase managers, employees and executives, and among firms; Michael Lewis’ bestseller 
Liar’s Poker gives an insider rendering of informational selection in financial markets. Other 
examples  can  be  company  board  members  hunting  for  executives,  managers  evaluating 
employees’  competence,  investors  sifting  through  many  info  tidbits  for  better  deals, 
government  agencies  like  US FDA choosing  experts  who  in  turn  evaluating  new drugs, 
school principals recruiting teachers, parents choosing schools, and every now and then the 
electorate electing politicians—all can be regarded as instances of informational selection.

Informational selection (infosel for short) and infocap are closely related but not the same 
thing,  similarly  to  battles  and  weapons  or  Natural  Selection  and  fitness.  The  bazaaris 
described by Geertz may be stronger in infocap than consumers in developed economies, yet 
infosel in the Northern African Bazaar market is weaker than that in the modern markets 
which are regulated by sophisticated institutions. In the simplest  case infosel and infocap 
happen to be the same when a buyer deals with a seller one on one. As soon as there are two 
buyers and they start talking to each other, infosel is no longer simply their individual infocap
—depending on whether they exchange shopping experience or not. Improving infocap leads 
to stronger infosel7 but the most significant boost comes from designing better institutions 
like info matchmakers we discussed in Chapter II.

While Natural Selection works tirelessly day and night, informational selection is sometimes 
on  and often  off.  Humans are  on  both  sides  of  selection  and limited  infocap allows  the 
selected side to come up with elaborate strategies to game the selecting side. For a predator in 
a tropical jungle the task is simple—refining its hunting skills. For a firm, on the other hand, 
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it is not enough to have good products; it must care about how the outside world finds and 
understands its products and how to stand out from the competition. Economic agents must 
split  their  resources  between  substance  and  appearance8,  and  firms  are  obliged  to  play 
unproductive  games  like  marketing  gambits9.  Natural  Selection  can  pick  up  the  slightest 
advantageous variations but infosel may ignore many superior choices10. How many startup 
projects  get  a  fair  hearing  from venture  capitalists,  or  movie  proposals  from Hollywood 
brokers? As many inventors know, it  is  not sufficient to  have the best idea11—they must 
reckon with human selectors who are limited and biased as compared to almighty Nature. 
With informational selection often being inadequate, rewards don’t faithfully represent true 
merit; often it is just the canniest, luckiest who get ahead. Informational selection faces two 
additional hurdles—the selector is weaker and the selected is cannier—both features degrade 
the selection results. The selected side can deploy ingenious deceptive tactics, be it quality of 
a product, as we have discussed in Chapter I, or the performance of an employee, a company 
CEO or the competence of a public servant.  The weaker the selection strength,  the more 
tempting gaming will be. That sometimes the good can be ignored and the mediocre may get 
a pass is part of our daily experience. Degrading further infosel heightens the risk that the bad 
may drive out the good12. Weaker infosel pressure will let mediocre products to have a higher 
chance to pass for the good ones, and the overall pie will be smaller, to the detriment of both 
consumers and the business—as we discussed in Chapter I; stronger infosel is more willingly 
embraced by firms that have an edge over the competition.

Human  agents  often  game informational  selection  and  can  get  away  with  it  while  giant 
mammoths couldn’t fool Natural Selection; the invisible hand a la Adam Smith works better 
in Nature than in the economy. Informational selection is not limited to economic activity; it 
operates wherever human actors deal with each other.  Different disciplines are subject to 
infosel  of  different  strengths.  Chicago University  psychologist  Mihaly  Csíkszentmihályi’s 
book13 Creativity, discusses quality criteria of social and natural sciences. He notes that it is 
easier to judge the merits of a proposition in hard sciences14 than in his own discipline of 
psychology where it may take many years to appreciate what is truly good. Alain Sokal, a 
mathematical physicist, provoked a scandal when he published an article in Social Text, a 
social science journal, and then revealed that he wrote a hoax by piling a lot of fancy words 
in a frivolous way. By this prank he intended to expose what he believed to be the lax criteria 
for quality in social sciences. My conclusion is however different from that of Sokal, not that 
some sciences are superior or inferior, social disciplines are more complex and quality is not 
as  easy  to  ascertain.  Informational  selection  simply  faces  a  much  harder  job  for  social 
sciences.  Indeed,  the  strength  of  informational  selection  varies  greatly  across  different 
professions: it is far easier to evaluate a chef’s dish than a philosopher’s new theory, or a 
stock trader performance than a physicist’s.

Among economic activities, informational selection that traders face on financial markets is 
probably the harshest and closest to the merciless Natural-Selection. The trader’s motto “you 
are only as good as your last trade” tells it. Plausible high theory has little glamour on the 
trading floor than in the academe. Even the head of an investment bank feels less selection 
pressure than his traders—the leadership style and speech eloquence may help keep his job or 
boost his standing even if the bank’s results are mediocre. Informational selection in finance 
is still far from being perfect; people took several years to understand the internet bubble’s 
true state, and still longer to grasp the reasons and extent of the 2008 Subprime crisis. On the 
other hand high theories in economics and their proponents can enjoy academic esteem for a 
lifetime; even with the evidence to the contrary15.
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Different selection criteria can lead to clashes of disciplines.  Economist Steve Levitt  and 
geophysicist Raymond Pierrehumbert are both Chicago university professors of high acclaim 
in their respective professions. In the book Super Freaknomics there is a chapter on global 
cooling Levitt and co-author Dubner claim that solar panels actually make global warming 
worse. In an open letter  to his  economics colleague,  Pierrehumbert did a quick,  back-of-
envelop calculation, to show why Levitt’s claim is baseless. When you discuss why sumo 
player and teacher cheating, or how abortion lead to crime reduction, as in their previous 
bestseller Freaknomics, even when these may turn out to be wrong, there is plenty hiding 
room, but venturing out  of  the murky zone (of benefit  of doubt)  your  credibility  can be 
devastated16.

That informational selection is weaker can also be a blessing. We do not perish when we are 
not at our best, and we have often second chances that are unheard of for Natural Selection. 
US presidents are elected for a term of four years; they will not be evicted from the White 
House when polls dip to a disappointing low or after a single blunder. A CEO will not be 
automatically fired when he misses a quarter. Multiple factors can be responsible for a bad 
result  and complex circumstances  make evaluation  difficult,  hence  second chances  make 
sense. When informational selection is particularly weak, for examples choosing teachers, 
doctors,  or philosophers as compared to cooks or traders,  the performance measurements 
should be less rigid and more circumspective. Given our capabilities to determine quality is 
particularly inadequate for some professions, more precise and quantitative criteria will get us 
worse results than a milder approach17. Stronger selection pressure acts on the business than 
on consumers (can-do vs. wants asymmetry in Chapter I); however, even though 80% of 
restaurants fail in their first two years of existence, it doesn’t lead to fatal hardship for the 
owners, employees and investors. Failed companies can recycle themselves to try out other 
businesses whereas creatures in Nature fail by death only. Our economy leaves a catacomb of 
failed ideas, projects, and companies but not littered with bodies.

References
1   After Avandia: Does the FDA Have a Drug Problem?
By MASSIMO CALABRESI Thursday, Aug 12, 2010
From Time Magazine Healthy

2   The Age of Mega Content Sites - Answers.com and Demand Media
By RICHARD MACMANUS, NOVEMBER 4TH, 2009
From Readwriteweb

3   Five Key Reasons Why Newspapers Are Failing, pt. 2
By Bill Wyman, Aug 13, 2009
From Splice Today

4   LUNCH WITH THE CHAIRMAN
By Seymour M. Hersh March 13, 2007
From The New Yorker

5   We're All Machiavellians
By FRANS B.M. DE WAAL, Sep 26, 2005
From The Chronicle of Higher Education, 5.9.25

19



NESS Deliverable D7.3: State of the Art and Success Stories in NESS

6   Overdose
By SHANNON BROWNLEE, December 2007
From Atlantic Magazine

7   Customer Reviews:Free: The Future of a Radical Price
By Chris Anderson, July 7, 2009
From Amazion

8   At the Harvard School of Dental Medicine, One Professor’s Flouride Scandal Stinks
By A. HAVEN Thompson, CRIMSON STAFF WRITER,Wednesday, September 27, 2006
From The Harvard Crimson

9   Stop Taking Pharma Gifts
By P. A. Pizzo and K. Johnson
From BusinessWeek, March 2008

10  Medical confessions
By Robert Hudson, Monday 4 February 2008
From The Guardian

11  Many Docs Bend Ethics Beliefs:Gap Is Wide Between Professional Standards, Behavior
By Todd Zwillich, Dec 3, 2007
From WebMD Health News

12  Scandal brews over China tea-for-urine samples
From Reuters, Mar 21, 2007

13  PERFORMANCE-PAY PERPLEXES
By James Surowiecki, November 12,2 007
From The New Yorker

14  Michael Specter
By Michael Specter (http://www.michaelspecter.com/ny/2001/2001_02_05_gonzalez.html)

15  Alternative Medicine Saved Our Lives
By Megan Irwin, 15 Sep, 2010
From Prevention (www.prevention.com)

16  Questions and Answers About the Gonzalez Regimen
From National Cancer Insititute, 05/24/2012

17  Would I Lie to You? Five Cons Still Kicking
From BusinessWeek, 16 Apr, 2006

20


