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Alle Menschen werden Bruder wo dein sanfter Flugel weilt.
[All people become brothers under your tender wing.]

—Friedrich SchillerLied an die Freud¢Ode to Joy] (1785)

“I think that there is a small experiment which we may try tomow, Watson, in order to
throw some light on the matter.”

—Sir Arthur Conan DoyleThe Adventure of the Shoscombe Old PIE&27)

Sherlock Holmes‘Have you ever read of Jonathan Wild? He was a master crimaima
he lived last century, 1750 thereabouts.”

Inspector MacDonald:Then he is no use to me. I'm a practical man.”

Sherlock Holmes'Mr. Mac, the most practical thing that you ever did in yoife lwould
be to shut yourself up for three months and read twelve hoday at the annals of crime.
The old wheel turns and the same spoke comes up. It has alldoeenbefore and will
happen again.”

—Sir Arthur Conan DoyleThe Valley of Feaf1915)






Interaction maximization as an evolution principle for sodal systems

Bertrand M. Roehner
Email: roehner@Ipthe.jussieu.fr Homepage: http://www.pthe.jussieu.fr/~roehner

Lectures given at Beijing Normal University in Sep-Oct 2008

Version of 20 Oct 2012, comments are welcome.

TABLE OF CONTENTS

Preface
1 The viewpoint of systems science
2 Effects of increased interaction
3 A global view of complexification processes
4 Methods for measuring interaction strength
5 Experiments for measuring interaction strength
6 Toward a scientific approach in historical analysis
7 Was there a phase transition in the United States arourts?197
8 Media interactions
9 Questions, challenges and prospects
10 References

Please, if you happen to know people who have a working istenethis kind of
exploration do not hesitate to send them a copy of the presafit A related website
on this topic has been set up at the following address:
http://www.eshia2009.org/interaction

The front page of this website is reproduced at the end of itbiape.

Acknowledgments| would like to express my deep gratitude to all my colleagues
who provided encouragement, help, advice and stimulatisgudsions, and in par-
ticular to: Yuji Aruka (Chuo University), Olivier Babeloripiversity of Paris 6),
Zengru Di (Beijing Normal University), Susumu Egashira (ldmsity of Otaru, Hok-
kaido), Zhangang Han (Beijing Normal University), Taiseaikoji (International
Christian University), Menghui Li (Beijing Normal Univatg), Xueqin Mei (Bei-
jing Normal University), Makoto Nishibe (University of H&rido), Tetsuhiko Takai
(University of Hokkaido), Yougui Wang (Beijing Normal Uravsity), Tomomichi
Yoshikawa (Waseda University), Jiang Zhang (Beijing Ndrbhaiversity).



6

Many thanks also to the students (graduates as well as madeajes) who attended
my lectures and offered comments and questions.



Preface

In physics it took more than a century to explore and gaugegactions at the level
of molecules, atoms and nucleons but this knowledge nowddha basis of our
understanding of microscopic as well as macroscopic phenam The following
figure provides a broad panorama of binding energies.

The physical cases are well documented; on the contraryhéoliving systems the
required measurements have not been made so far.

The main motivation for the present lectures is that if welwits understand social
phenomena in a non-anthropomorphic way the investigatfagooial interactions
Is an essential step. Needless to say, this is a broad andruiag project which
can only be carried out by a community of researchers. Thahiswe hope that
these notes will enable us to get in touch with other reseasciThis is an essential
condition for the success of this project.

Naturally there are many kinds of social links. That is whgithnvestigation can
provide a unified framework in which our knowledge of socidtems can be col-
lected and stored in a orderly and cumulative way.

In the following chapters we will try to make two importantipts.

¢ In any society there have been substantial changes in taesity and range of
social interactions in the course of history.

e These changes have had noticeable effects on the “socialeatfy” of the
societies under consideration to the point of leading todisparition of the most
segmented societies or to their temporary subordinatiaondce efficient and less
fragmented societies.

As an illustration the Indian caste system immediately comoemind. This rigid
social stratification certainly reduced interaction in @amson with more open so-
cieties. Nevertheless, it remained in force for centurresrmade India an easy prey
for foreign invaders. Similarly, the conquest of Mexico bgr@z was made possible
only because he was able to enrol into his army a large fordessidents. One could
mention many other examples of the same kind. However, simlesare capable of
estimating the level of interactions in a given society sagamples will lack real
guantitative justification.

From quarks to living organisms there is a long ladder whectlk to systems of ever
greater complexity. The mechanism is always the same. Badnting blocks (let
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Fig.1 Binding energy as a function of sizeThe distances on the horizontal scale are given in picometer
(1pm=10—'2 m), the energies on the vertical axis are given in 1000 jopéganole. The 5 points for physical
systems are in red. They display three different forcesieauncelectrostatic (for atoms, molecules, micelles)
and gravitational forces. As is well known, the orders of niagle of the strength of these forces are widely
different. Micelles are aggregates of long molecules (ofodecular weight of several hundreds) which on one
end have an O-H part (or similar) that is attracted towardewaiolecules. The heat release (or absorption
depending upon conditions) for micelles is documented indebet al. (2005). The colloid figures refer to an
experiment involving polystyrene latex balls of an averdigeneter of 360 nm. (Jodar-Reyes et al. 2001). The
points for living organisms are in magenta. An interrogatioark has been added because the binding energy
of such systems have not been measured yet. The equatioa igression lineisn £ = alnd + b, a =
—1.7+0.09, b = 12 £ 1; the error bars refer to a confidence level of 0.86urce: The data for the nuclei are
for a reaction involving the fusion of lithium and deuterivmaclei. The data for atoms and molecules follow
standard orders of magnitude of the binding energy for a muwkeof water and for the hydrogen bond between
different water molecules. The gravitation point corresg® to two masses of 1 kg whose distance is reduced
from infinity to a distance of 1 meter (for the sake of simpljcilt can be noted that for objects of macroscopic
size (starting with the latex ball colloids) the notion oflmbas no longer any meaning. The data for colloids
and micelles are fromabar-Reyes et al. (2001) and Garidel et al. (2005) respebtiv

us call them order 1 units) aggregate to form larger systemge( 2 units) which
themselves serve as new building blocks for order 3 unitssandn and so forth.
Thus, atoms form molecules which themselves form cells wiihemselves form



living organisms.

This observation has beeen made by several scientists. dlberpologist Pierre
Teilhard de Chardin called it a process of complexificatiibie; botanist Jean-Marie
Pelt (2011) identified what he calls a “principle of assaoi@tat work in the evolu-
tion of plants. In other words, the fact that attractive émplay an important role in
the evolution of physical and biological systems is wellbguized.

In the present study, we intend to show that a similar asgonigrinciple is at work
In human societies. A possible formalization of this predsgo say that, whenever
permitted by exogenous and endogenous constraints, syseech toward states of
greater and broader interaction. That, in essence, is theiple of interaction max-
imization referred to in the title.

In the next sections we describe two cases in which strongoamal interactions
bring about creative episodes which lead to the apparitiemits of higher order (in
the sense used above).

Formation of cities and centralized states

In the early universe there were molecular clouds compoSlesvalensity hydrogen

and helium gas. According to current conceptions of stan&tion, regions where
density was high enough (as a result of random fluctuatioesdfine gravitationally
unstable and began to collapse. The gravitational collapleased a lot of heat
and energy in the same way as a stretched spring releasegeatgipl energy as it
resumes its equilibrium length. Part of the energy was tadiaut the remainder
increased the temperature of the core until fusion ignitiocurred. This marked the
birth of a new star. If its mass was greater than five solar esas$ad a fairly short

life time. After several million years its core began to ¢act and as it shrank it
grew hotter; this triggered a new series of nuclear reastieading to the formation
of heavier elements up to iron. Eventually, through a meidmanvhich is not yet

clearly understood the star exploded. It is admitted thetthehts heavier than iron
were formed during this supernova explosion. Through gswkgration all elements
contained in the star were released into space to serve avaavial for new stars,
planets and living creatures.

It is admitted that before the neolithic revolution thereravéow density popula-
tions living a largely nomadic life based on hunting and gatiy. For some reason,
higher than average density of population developed in solaes therefore lim-
iting the territory available to nomadism. Gradually pen®aat or semi-permanent
settlements appeared, gathering techniques became nensive eventually lead-
Ing to crop cultivation. As the improved techniques couldtain more important
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population densities, population concentration conthlegading to the formation
of towns and cities and to the emergence of techniques wieigtesent important
landmarks in the evolution of mankind: storing grains, magkpottery, developing

written languages, introducing political and religiousmis of social organization.
The first cities may have lasted a couple of centuries buttaady wars, diseases
or internal factors made them crumble and collapse. Whiteesof the newly de-

veloped techniques may have been lost, it seems reasopadsume that most of
them were disseminated and recycled in new settlements.

From a network perspective, the two previous scenarios aemphe following
steps.
(1) Contraction brings about more interactions
(2) Greater interactions leads to the formation of more dementities.
(3) Disintegration eventually produces a spatial dissation of the new entities
(4) These new entities are reused as building blocks in sulese processes.

A similar mechanism was at work in the creation of quantumimaeacs.

Creation of qguantum mechanics

In the three decades 1890-1920 a wealth of experimentdisegas produced which
had received no consistent and comprehensive explana@o® can mention for
instance the discovery of radioactivity, the emission sjaeof atoms, the emis-
sion of a-particles by nuclei, the absorption coefficients of X-raiyge extraction

of electrons from a metal by an electric field and so on. Inespfta number of

scattered phenomenological attempts there was still ngoeimensive theory in the
early 1920s. Then, within a few years, not one but severahdvaorks were pro-
posed which eventually proved to be equivalent and becanag iwmow known as
guantum mechanics

One may wonder what was the role of social networks in thislceion.

As the group of physicists engaged in the exploration of tieenec world was a
fairly small community they often met and knew one anothethyfavell; thus there
were links between Niels Bohr, Albert Einstein, Max Planck=onest Rutherford
just to mention a few of them. This community had a cruciaktion as a scientific
filter in the sense that new theories were discussed, tegtaadsh evidence from new
experiments, and (most often) were found wanting. This wé&sd of potential
barrier which prevented the adoption of unsatisfactorkeshift theories. That was
the normal mode of operation of the system, but between 1883828 it worked
with much greater speed and efficiency. Berlin, Cambridggebhagen, Gitingen,
Leiden, Munich had for years been magnets attracting yoaleqts; after 1925 it
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seems that Gttingen became the center of this network. Is it not remgalhat in
1926-1927 Arthur Compton, Paul Dirac, Linus Pauling, Jobn Meuman, Robert
Oppenheimer, Edward Teller, Eugene Wigner, none of whom®exsnan, visited
Gottingen staying there for several weeks or months and ngeetie another (Rival
1995)? They were young and were not the main actors in thidutwon but they took
part in it. The new ideas were actively discussed during mafoymal gatherings
either at Max Born’s home or at one of the inviting inns thatldobe found in
the countryside surroundingd@ingen. In 1928, when the supernova exploded, the
Gottingen researchers were scattered far and wide. In subsggears, they would
apply the new theoretical tools they had mastered to vafielgss from chemistry to
nuclear physics to astrophysics and several other fields.

Interaction strength and efficiency

The previous examples are what can be called macro-higt@mases. As often hap-
pens with events or data at macro level it is not easy to askaalclear connection
between causes and effects. That is why we now describe texm+sociological
examples.

Story of the sidewalk poles in Paris

During the years 1998-2006, some 200,000 metallic poles wkanted in the side-
walks of Paris. Their claimed purpose was to keep footwaysettestrians by pre-
venting cars from parking there. However such pylons gyibldcame a hindrance
for walkers, joggers or roller skaters because they wereasiticted to the edges of
the sidewalks but were also planted in their middle in ang@Mhere there was a
garage exit. Even more worrying, within a few years, manyhete pickets became
defectious either through rust or because they were hit bpuwapers. Clearly, the
municipality did not wish to spend the big money that wouldenbeen required to
keep them in good order.

In coming years the situation will deteriorate further hessamore and more of these
poles will be sheared, shortened or trimmed and what willaienof them will be-
come safety hazards for all sidewalk users.

Why is this story an illustration of the calamitous effecfsadack of interaction?
Firstly, it is revealing that these poles were put in placthait any concertatidn
Secondly, in spite of the fact that they altered dramatdhke urban landscape, these
poles never became a matter of debate in newspapers or wisitale At the very
moment when so many homeless people were living in the stoédRaris without

10ne may wonder how the decision was taken. In such matterslifficult to know the truth. The fact that there was
a change of mayor in 2001 did not make any difference in impleimg this policy. Perhaps it was a lucrative long-term
contract for some company.
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receiving any help from the municipality nobody questionleel rationale of such
expenses and whether this money could have been used atherwi

In short, because of a blatant lack of interaction, it wassiids to take an absurd
decision.

Following this example which was at the level of a city we gasimilar one at the
level of a building.

lll-conceived building design

Recently my laboratory moved to a new building located onldngest French sci-
entific campus. Built by a major French building company (ebnBouyghes), the
building was supposed to be state-of-the-art. Yet, we wikugorised to see how
many defects there were which showed that a complete divirteeen designers
and users.

e A key was needed to enter and leave the elevators. What abowisitors?
Will they have to take the ugly staircase? Of course, in ading in which visitors
are greeted by a receptionist, this would not be a problenmubiversity research
centers rarely have receptionists and in France this islegsrikely than anywhere
else.

e The lights would turn off when nobody was moving. While thiaynbe fine in a
lobby, we were surprised to see that it was the same in ouesffisfter 10 minutes
the light would turn dark. It took us some time to figure out ¥wivere had to be
disconnected to keep light &n

How does this story illustrate the calamitous effects ofck laf interaction? On
paper there had been a concertation betwen the builder andnikiersity. As a
matter of fact, an organization had been set up especialthi®purpose. However,
for some reason, there was real communication, even for features which would
have been obvious to everybody.

So, once again, because of a blatant lack of interactionstpeasible to take absurd
decisions.

The two previous examples were fairly qualitative. The vesalkg of interactions at
Boeing Corporation which we describe in the next sectionaease for which one
can get semi-quantitative evidence.

Weakened interactions at Boeing Corporation

Globalization and outsourcing to subsidiaries operatmgarious countries has be-
come a common trend in many industries in the 1980s and 1@flmpanies such

2These problems were only two examples among many otherrdsigres.
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as Coca-Cola, MacDonald's or Starbuck have developed lyjolih great success.
Standardization of design allowed important economiegaliesand cost reduction.

The real question is: can this model be transposed to thgmesicomplex and
technically advanced products such as aircraft? Our puewveaamples suggest that
innovation requires strong interaction. Is this conjeetaupported by the recent
history of Boeing?
One of the incentives for outsourcing is to improve “RetunriNet Assets” (RONA).
However there are two ways to improve RONA: it can be enhabgegither increas-
ing the numerator or by decreasing the denominator (HarthS2001). It seems that
Boeing followed the first of these routes in the 1950s and $9B0t switched to the
second in the decades after 1985.

¢ Inthe decades following World War Il Boeing took advantafjgsoexperience
in designing and selling military aircraft. Many of its amkrs were derived from
similar military aircraft. The Boeing 377 (Stratocruis&4l’) was a civilian version
of the C-97 (1944); the 707 (Boeing’s first jetliner, 1957)swaacivilian version of
the B-47 (1947) and KC-135.

Military versions: B-47 (1947)Airliner version: Boeing 707
KC-135 (1957)

This period ended with the 747 (1969) which was derived frbm €-5 Galaxy
aircraft manufactured by Lookheed but for which Boeing aartdd design research.
By relying on military orders, Boeing was able to increaséhhits return and its
assets; in addition risks and technical uncertainties wexteced.

e With the 777 (which entered service in 1995) began the gipdi@dn trend.
International contributors included Mitsubishi and Kaakigfuselage panels), Fuji
(center wing section), Hawker de Havilland (elevatorsyl Aerospace Technologies
of Australia (rudder). But to accommodate production of Zfi&, Boeing also dou-
bled the size of the Everett factory near Seattle, the histoaddle of the company.

After the 777 there was a lull of several years without angprcf@oject (there were
the aborted 747X and Sonic Cruiser projects). The 787 projacked the first highly
innovative project after the 747 thirty years earlier anglas also the first which was
not, at least to some extent, preceded by a military ver$hith the start of the 787
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project there was not only an acceleration in outsourcirigalso a will to reduce
labor costs. This took two forms.

e Part of the production within the United States was attadub a new (union-
free) plant in South Carolina.

e Moreover, even in the Everett plant more and more employese working
for subcontractors rather than for Boeing.

Perhaps for the first time international outsourcing aéidatot only production but
also design. A large part of the conception work was carrigdad the “Boeing
Research and Technology Center” in Moscow which had beablesied in 1993

One could of course argue that in the time of design by connjamig communication
by Internet the notion of geographical proximity becomeslavant. However, the
previous policy options also reveal that an organizaticseldaon cost reduction and
sales imperatives had replaced an organization whose rbguotive was to design
good airliners. Cost reduction and sales promotion becamesvant when it cannot
rely on a good product. The inherent difficulty in maximaziR@NA through a
reduction of domestic assets is the need to retaindawklopthe technical skills
required for the design and productionr@wproducts. This can hardly be done if
the most innovative production techniques are outsourced.

Aeronautical engineers face difficult challenges. Theyushoot be treated in the
same way as managers at companies such as MacDonald’s lon&tavhere tech-
nical innovation has a marginal role and is completely selgbby cost reduction and
sales promotion strategies. The environment in which thakwust provide under-
standing, sympathy and recognition. An illustration of thet that Boeing’s policy
was (and still is) lead by its sales department was provigeithd rollout ceremony
of the 787 on 8 July 2007. It was broadcast worldwide in 9 laggs and 50,000
people attended at Everett. Nobody told them that the plaseimfact unable to fly.
Although it was a nice public relation operation it made @oly some employees
and engineers uneasy because they knew that the plane waiully antil several
months. As a matter of fact the maiden flight occurred 18 nlater.

Weak interaction between Boeing and the various comparteswiook part in the
project resulted in numerous problems. For instance, théragpused for the fas-
teners of the tanks located in the wings was found to be inaateq In spite of the
fact that the problem was detected in 2009, faulty wingsioaet to arrive from
Mitsubishi until April 2011. As a result, some 20 planes hadé modified after
being assembleti. There were similar coordination problems with Alenia’giho

3Subsequently other “Boeing Research and Technology G&ntere established in Madrid (9 July 2002), Bengaluru,
India (31 March 2009), Beijing (21 November 2010).
4Source: Fight Global website, 27 April 2011. Article ersitl “Boeing ensures sparks will not fly on 787s”.
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zontal stabilizer or Fuji Heavy Industries’ center wing ke, the component that
connects the wings to the fuselage). Coordination probleeteeen French and
German engineers also resulted in delay in the productidmeofirbus 380.

At the time of writing (April 2011) it is too early to say how stessful the project
will be eventually. Not long ago some Boeing executives na@garations to the
point that outsourcing had gone too far for the 787. Of cquisereal answer will
come from the airlines that will fly the plane over the nextatde If it turns out to
be a good aircraft the present approach will be validatdtsratise there may indeed
be a shift in strategy for Boeing’s next major project.

Through these examples we hope that readers will becoménoaathat there is in-
deed a connection between interaction strength and efizi&de add a last example
taken from biology.

Swarm of bees

When a swarm of bees is searching a new nesting location, 201we50 scout bees
are sent out out to find a suitable new nest. An individual sceturning to the

cluster promotes the location she found through a dancéesitoithe waggle dance
(i.e. the same dance as used in order to indicate the loaaitmnew source of food.

I g s

fa

Fig. Bee swarm.In the process of colony splitting a queen leaves the coloitly mundreds (or even thou-
sands) of workers. At first the swarm takes shelter near theiqurs colony before settling for a new lo-
cation. This picture was taken in Victoria, Australia in Fedry 2008.Source: Wikipedia, entry “swarm”

(Firo002/Flagstaffotos)

After several hours and sometimes days, slowly a favoritatlon emerges from
this decision making process. When most scouts agree onl doftaéion the whole
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cluster takes off and flies to it. This collective decisiorking process is remarkably
successful in identifying the most suitable new nest sité leeping the swarm in-
tact. In short, this is the exact opposite of the processridextabove through which
absurd decisions are taken in isolation which turn out to denfful for the whole
population.

Maximization of interaction

The title of this study contains the expression “evolutiomgple”. The term “prin-
ciple” is used here with the same meaning as it has in physasgely a rule based
on observation. For instance the principle of the consemaif energy is a pillar of
physics but it is so only because it proved correct in mangoiagions. At this point
we do not know whether interaction maximization holds in & wéich is as broad
and general as conservation of energy.

The empirical justification of interaction maximizationredated to the fact that, in
the course of evolution, elementary units tend aggregadef@m larger systems.
Protons and neutrons tend to form bigger nuclei; atoms aréaules tend to aggre-
gate and form larger compounds; cells tend to aggregaterno frger organisms;
people tend to aggregate to form larger cities, and sv.on

In some of the cases mentioned above the elementary uméstaihe another. Such

is the case for molecules. For instance, a molecule of watdtracted by a molecule

of ethanol. This attraction provides a fairly clear expkamaof the reason for inter-
action maximization; indeed, when the distances betwedarwaolecules and al-
cohol molecules decrease their interactions do indeedaser. However, it must be
emphasized that the tendency to form larger (stable) agtgednolds even for ele-
mentary units who daotattract one another. For instance protons do not attract one
another (except at short range) but they nevertheless reao&grm aggegates when
they are thrown in close contact by energetic collisionstduggh temperature.

If the tendency to form aggregates is so conspicuous in tigeterm evlution of the
universe how does it come that it is not really obvious in haristory? There are
two different answers to this question.

e First of all, it should be observed that in some respectikeén fact a trend to-
ward aggregation. This can be seen at the level of citiesrmpenies which become
ever larger in the course of time.

e The second answer is that in many cases there are structungtraints which
prevent the growth of interactions. If groups are kept apadifferent areas or in

SThis “complexification” process was a key notion in the phdphical conceptions of the French Jesuit Teilhard de
Chardin; see for instance some of his books such as “The hptmamomenon” or “The divine milieu”.
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different segments of a society they will not be able to mb¢even though such an
interaction would benefit the whole society.

As a matter of fact, the same difficulty also arises in physgstems. Because com-
bustion of carbon leads to a lower state of energy, diamomalslg in principle burn
spontaneously. Obviously, they do not. This is because af@alled “activation
barrier” which must be overcome before the combustion can. ssimilarly, differ-
ent social groups may be isolated by barriers with the réisattthe system does not
reach its “natural” state of highest interaction.

During revolutionary episodes (e.g. during the French Re\m) such barriers may
be removed with the result that the whole society becomes tabinove toward a
state in which it is more integrated and hence more efficient.

An illustration of this discussion is provided by many IndiBollywood movies in
which two lovers from different castes must overcome altssof obstacles before
being eventually able to get married. Such stories illasteth the attraction be-
tween people from different groups and the structural segaten which prevent
such interactions.

Needless to say, to make the previous descriptions morditpiave (and therefore
more scientific) one must be able to measure the strengthesbictions. This is the
central topic of the present book.

How to measure interactions

Any statement about the conservation of energy in physogres as a precondition
that one is able toneasuresnergy in its different forms: mechanical energy, ther-
mal energy (heat), electromagnetic energy (light or otbeng of radiative energy).
Each of these forms of energy requires specific tools andadstbf measurement.
Similarly, before one can check whether or not there is adtteward greater in-
teraction a necessary precondition is to be able to measures{imate) levels of
interaction.

Apart from specific techniques that will be considered insaguent chapters one
can mention three qualitative characterizations of imtt&oa.

Frequency and range of interaction

Every time the means through which an interaction takeseae clearly identified
one can use the frequency and range criteria. Frequencysnieatnwe will count
the number of contacts per day or per month. Range means ¢haflixcount the

60ne must be aware that fairly often interactions occur ifirgad ways. For instance, in a given area parents are in
contact through their children when the latter are in theesaamool. Similarly, households are affected by houselersak
who operate in the vicinity even though their own house wagineurgled.
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number of neighbors with which every unit is directly in cacit

For instance, people who belong to the same family wouldttalbtne another, may
be, half an hour a day while neighbors would have, may be, tnortutes discus-
sions in a week.

In a gas the molecules interact during less than 1/1000 aftihes. This ratio cor-
responds approximatively to the rate of 10 minutes per whakwe assumed for
neighbors. On the contrary, in a solid, the molecules ictggarmanently with their
nearest neighbors.

In order to illustrate the notion of range it is perhaps bestdnsider two extreme
cases.

e As was just said, molecules in a solid interaction with timeiarest and perhaps
second nearest neigbors. This represents at most 20 medecul

e On the contrary, in the human brain individual neurons areatly connected
to thousands or even hundreds of thousands other neurons . réssilt the level of
complexity of the brain is much higher than the level of coaxgly of a solid.

Collective attributes due to interaction

What visible consequences does this difference in contyldatween solid and
brain have? In a general way for a system of interaction aeisitbe global system
Is “more” than the sum of its parts. It is not obvious to see fima sentence should
be understood.

One possible meaning is that the system has propertiesnitigtdual elements do
not have. For instance, a solid is characterized by a cent@idness. Hardness is
clearly an effect of interaction. The “hardness” of a gasegesal million times
smaller than the hardness of a sélid

A brain has many abilities that an individual neuron doeshaste. For instance, it
has the ability to deliver the signals which enable a pers@péeak, sing, read, write
or play music. Clearly, the collective abilities of a brane anuch broader than those
of a solid. However, such a comparison remains very much athtative level. In
the next section we consider more closely the hardnesbua#ti

Mixing criterion
All gases are miscible in any proportion. On the contrary sebds are almost not
at all miscible. With liquids we are in an intermdiate sitoat

All liquids are miscible insomeproportion but for some liquids this proportion is
so small that in common language they are called immisciblat is for instance

’On the contrary, color is an attributeiofividualatoms. The fact that gold vapor looks less yellow than satid ¢
only due to the fact that its density is smaller.
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the case of oil and water. Basically, two liquids are imnbsewhen because of the
structure of their molecules they are not able to estabtrsimg interactions.

At the other end of the spectrum there are liquids (such asrvaaid ethanol) which
are miscible in all proportion. The molecules of water armbhbl are able to estabish
strong interactions.

Many liquid mixtures fall between these two extremes. Twuills are "partially
miscible” if shaking equal volumes of the liquids togethesults in a meniscus vis-
ible between two layers of liquid, but the volumes of the Iayare not identical to
the volumes of the liquids originally mixed.

This may seem a fairly crude criterion. What nevertheledsasn& useful is the fact
that it can be used very easily to broadly estimate the Ihiateraction. Let us give
some examples.

e Two galaxies are miscible as shown by photographs of coljigjalaxies.

e Ant populations of same species but from different nestguseally) immisci-
ble: they will fight one another.

e In some conditions ant populations of different speciemasgible. This hap-
pens for instance when the eggs of specilewere brought back into the nest of
speciesB8.

8For more details see: Dictionnaire universel d’histoireunglle, Paris 1844, entry: fourmi [ant]. This is similartte
institution of the Janissary soldiers in the Ottoman Emipihie sense that the Janissaries were Christian childvesdle
in conquered countries and brough up in Turkey. Between 5001800 they provided the elite troops of the Ottoman
army.
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Genesis of this project

Determining the interaction strength
between molecules, atoms or nucleons was a

MEASUREMENTS: major task for physicists during the 20th
KNOWN century. They used various experimental
METHODS techniques and introduced different concepts
o Measurements to define such interactions, such as the
of interactions Pinding or dissociation energies, bond length
in physics and so on. The section entitled = "Measurement
o Interaction of interactions in physics" (in the menu
between entitled " "Interaction measurements: known
species (using ~ Mmethods") provides a summary of experimental
C14) technics used in physics.
° %ggwtion In the early 2000s econophysicists began to
between study many different systems from the

countries as
measured by

perspective of network science. It soon became
apparent that in order to provide a realistic
description these networks had to be

E}:d—%P WEIGHTED networks. Indeed, except for

o Political systems in which the interaction is of a binary
interaction type (0: no link; 1: existence of a link) as for
between instance between an author and the

countries as
measured by
the number of
official visits of

references that he gives in a paper, the vast
majority of interactions differ in strength. In
an unweighted network representation, the

earth would experience the same attraction

from the stars of the Andromeda galaxy as

olitical
{)eaders to from the Sun and similarly a vegetable retailer
foreign in Beijing would be as connected as closely to
countries farmers in California as to those in the vicinity
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This website was set up in mid-October 2008 in collaboratidthh Prof. Jiang Zhang at the Department of
Systems Science, Beijing Normal University. Its purpose $hare and spread the results obtained by various
researchers in the measurement of the strength of socetaations.



Lecture 1
The viewpoint of systems science

Lecture given at Beijing Normal University, Department gt&ms Science on 24
September 2008, and at Chuo University, Tokyo on 29 Nove2@io&®.

| welcome all of you to this series of lectures on systemswaelt is really a priv-

ilege for me to be able to give these lectures. Perhaps | dhlmmgin by explaining
why. According to my experience, this department is one efféw in the world

where systems science is studied in a cross-disciplinargppetive. Why is this
s0? In order to understand this point, one must recall thexmgaf the expression
“systems science”.

Systems science

Well, this expression can be defined in different ways, b ohits most basic
meanings is that it is an attempt to provide a unified view afrmimena which at
first sight appear to be different. As this is a key point let ithestrate it by an
example.

Consider the phenomenon of economic speculation.

e There can be speculation in stocks.

e There can be real estate speculation in houses or apartments

e There can be speculation in commodities such as oil, whetgrcor gold.

e There can even be speculation in more exotic items such astamnps, that is
to say stamps collected by collectors.

For all these items, there are what can be called “specalptice peaks” by which
| mean a period of time, usually lasting several years, duwihich prices go up,
which is followed by a period also of several years duringohitprices go down. The
Important point is that by studying such price peaks forlstphouses, commodities
one finds out that they are basically similar. In other wotlde,mechanism which
is at work in these different phenomena seems to be the same priecisely the
purpose of systems science to establish a link between tifeeent phenomena

9The text is a blend of the two lectures. While the beginningnigareflects the lecture given in Beijing, several
historical illustrations which were only given in the Toklgzture have also been included.
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and to provide a unified description.

Has systems science something to do with physics?

You may ask: “Has systems science something to do with p&ysic
The answer is “Yes, absolutely”.

When physicists (or chemists) study a new phenomenon theyhaesunifying ap-
proach of systems science even if they do not explicitly heespression “systems
science”. As an example | will consider the phenomenon & fadl. It may occur
in several forms.

(1) the fall of an apple

(2) the fall of a feather

(3) the “fall” of the moon on the earth

(4) the “fall” of the earth on the Sun.

We now know that all these phenomena are ruled by the sameamisaln namely
the force of gravitation and the resistance of the air, bhatilas not always obvious.
It was Newton who showed that the astronomical phenomenal 3l ame ruled by
the same laws as the fall of objects such as 1 and 2. This wagoa Ioneakthrough.
In short, when Newton established a link between these phena he was using the
approach of systems science.

Hyper-specialization versus systems science

Let me now come back to the question of why there are so fewrttepats across
the world who are using this approach. The reason is verylsinipis because of
the high degree of specialization which currently prevailscientific research.

e The economists who study stocks are not the same as thosetwhohouse
prices.

e The economists who study house prices are not the same asthosstudy the
prices of oil or cotton.

e The economists who study the price of oil are not the samem® tWwho study
the price of rare stamps.

If in addition these different kinds of economists have mw bpportunities to in-
teract one with another, there is absolutely no chance llegtnay ever realize the
existence of a common mechanism behind the phenomena thaath studying
separately. In short, narrow specialization is a big olstaxthe development of
systems science. This explains why econophysics was, ingimjom, an important
step forward and also why | am fortunate to be able to giveetlestures in your
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department.

You may ask:

“Why is systems science more developed in China than in Wesleuntries?” |
must confess that | have no real answer to this question. ythrage something to
do with the philosophy of life that prevails in China. As farlaunderstand it is more
global and more open to analogies than the way of thinking estern countries.
Perhaps it may also have something to do with the Chinese#mey Many Chinese
characters represent concepts; for instance the chafgoieg” represents the idea
of working together for a common goal. This can be at the leval village, or of
an industrial company or at the level of the whole nation. timeo words, “gong”
represents a basic mechanism in the sense in which it is defireystems science.
Needless to say, you will certainly be more able than mysefirnd the reasons
why Chinese researchers are more inclined toward systasrecedhan are western
researchers. Whatever the reasons, it is a fact that in yisi@ms science is a
recognized field as attested by the existence of the InstafiSystems Science at
the Chinese Academy of Science. Of course, | do hope thatmngpyears systems
science will thrive and develop in China and will not be swaywty by the trend
toward greater specializatith

How can one measure interaction strength?

You may say:

“Econophysics appeared in 1995. During these past 13 yadsconophysicists
develop the approach of systems science?”

To some extent yes, but progress was slow. Why was progreslsvs@ There is a

major difficulty which | will explain now. Any system consssbf units which interact

In some way. For instance the system corresponding to adadipple consists of
three units: the apple, the earth and the air which surrotivedspple; the interactions
are expressed by forces between these units. The most amporformation is not

that one unit is an apple because we have seen that the pheownsebasically

the same if the apple is replaced by a feather; the most impiortformation is the

fact that it is the gravitational interaction which is at worn other words, in the

definition of a system the most important information is thigiaction between the
units which compose the system.

The big problem is that for most social systems we do not krii@se interactions.
For instance, | see the people who compose this audienceyuo$e, | know that

there are interactions between them, but these interactienot visible and so far,

101t can be noted that Japan also played a prominent role inebelapment of econophysics, albeit in a different (more
institutional) way than China. The approach of systemsweidad been popular in the United States in the 1960s but in
the following decades it was progressively eclipsed evenuittidisciplinary institutions like the Santa Fee Inst#u
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we have no method for measuring them. In physics, the inierecare not visible
either. We do not see gravitational or magnetic fields buspsyhas developed ex-
perimental means for measuring these interactions. We dwudte same for social
systems that is to say we must develop experimental metloodsdasuring interac-
tion strength in social systems. This is a key point. Twouezs in this series will
be devoted to this question.

Physical systems versus biological systems

In the upcoming lectures, | will often establish parallatsl anake comparisons be-
tween physical systems and systems composed of livingemnsitich as biological
or social systems.

You may say:

“Well, such comparisons cannot really make sense becaese itha fundamental
difference between physical and living entities. Livingitas have a finite lifetime
whereas non-living entities never die.”

There is a simple answer to this objection: in fact, physedities also have a
limited lifetime. | will give you two examples.

e The first example is based on an effect called metal fatigubeMa piece of
metal is bent up and down several times, it becomes fragdesgantually it breaks.
This phenomenon is of great importance for airplanes. Iteademonstrated in an
experiment in which a thin piece of metal is bent several $infeturns out to break
after being bent between 10 and 20 times (the phenomenomsduat stochastic).

e For the second example consider light bulbs. As we all knght bulbs have
a limited lifetime. There is a mechanism by which they beconoge fragile as they
become older. For some light bulbs such as halogen lighshikre is even a self-
healing mechanism through which light bulbs can (to somergxtepair themselves.

After this fairly long introduction | come to the second paftmy talk in which |
wish to present some empirical observations. These oligmrgasuggest that the
strength of interaction is a crucial parameter in the evatuof all systems whether
they are physical or social systems.

“Creative” systems are systems with strong interactions

Observation of our universe shows that systems in whicletisea high degree of
interaction are places where the most important creationgsses take place. The
following slide summarizes two such cases.

e The first view shows a star. As you know, stars are the placesenthe atoms
which compose the earth were produced. The atoms (carbgmenx calcium,
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potassium and so on) which compose my body as well as youebadire produced
in stars a few billion years ago. Why can we say that starstaeacterized by strong
interactions? The interaction is generated by gravitaliattraction. During the for-

mation of a star as the hydrogen atoms are brought closedttegthe temperature
increases until eventually nuclear reactions begin whicdpce the new elements.
At the end of their life, the stars explode, their atoms aspelised and eventually
form solar systems as the one in which we live.

Fig.1.1 The Sun.In the Sun, as in all stars, there is an ongoing creation peoéheavy atoms up to the
atomic weight of iron. All the atoms that compose the Eantigjuding those which compose the bodies of

living beings have been created in stars, mostly in big dtarause their lifetime is much shorter than the
lifetime of small stars.

e The second picture represents a city. Cities are placesawdemple who were
previously dispersed on a broad area are living closelythege History suggests
that some five thousand years ago the first cities were placghich the structure
of modern states emerged. This structure comprised sewgyahizations such as
tribunals, tax collection, water distribution, on so on @fhgave more cohesion to
human societiés.

e As a third example of a system in which a high degree of intemadrings
about a major creation process, one can mention the advér dfeory of quantum
mechanics in the mid-1920s. In the previous three decadey maw phenomena

HHowever, it must have taken some time for such benefits toganén terms of food supply the new structure was less
efficient than a uniformly distributed population becaussertransportation work was required to collect commoslitie

and carry them to the cities. Apart from greater protectifforded by the city’s wall it is not clear what other benefit
could be expected in the short run.
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Fig.1.2 The City of Strasbourg in the East of France.The area around the cathedral is closely packed
with houses which suggests a high population density wisithé main characteristic of cities. With this high
density comes also a high level of interaction. Note thatHibedral does not have the two-pillar structure that
it shows nowadays, probably because its construction wasomapleted. The word Argentina probably stands
for Argentoratum, the name of the city in Roman time.

had been discovered experimentally for which there was meinoing and unified

explanation in the framework of classical physics. One camtion for instance

radioactivity, the photoelectric effect, the extractidretectrons from a metal by an
electric field, the Wien-Planck law which describes therdistion of power emitted

by a black body as a function of temperature and wavelengthpaany other effects.
Some basic ideas of a “new” physics had been already put fdrasund 1900,

e.g. Planck’s assumption of energy quantization and Biristgphoton hypothesis.
However, no comprehensive theory had emerged.

This occurred within a few years between 1925 and 1928 in agswhich, in

terms of interaction, resembles the increase in densityir@edaction which leads
to the formation of a star. During these years, many renovpigdicists gathered
and worked together in a few German universities and edpeiasottingen. For

instance Arthur Compton, Paul Dirac, Linus Pauling, John Meumann, Robert
Oppenheimer, Edward Teller, Eugene Wigner, (none of whosi@erman) visited
Gottingen, staying there for several weeks or months. Theg yweung and were not
the main actors in this revolution but they took an active pathe discussions. The
new ideas were actively discussed during many informalegatfs either at Max
Borne’s home or at the inviting inns that can be found in thentyside surrounding
Gottingen.

In 1928 when the “supernova” exploded, these researchienmesl to their respec-
tive fields and countries. In subsequent years they wouldyapp new ideas of
guantum mechanics to various subjects from chemistry, tbeau physics, astro-
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physics and many other topics. Through their interactiaha@ailective contribution
a completely new physics would emerge within a few decades.

These examples suggest a question:
“How can one increase the interaction in a system?”

There are basically three ways.

(1) The first method is simply to bring the elements of theaystloser together
that is to say to reduce the spatial distance between thegthis process which we
have seen at work in the formation of stars and cities.

(2) The second method is to remove barriers between diffgremps of agents
which prevent them from interacting. The French Revolutdri 789 provides an
illustration of this method.

(3) The third method is to change the type of interaction leetwthe elements
of the system. For instance, antagonistic relationshipsbeareplaced by friendly
relationships. | will give an illustration in a moment.

The French Revolution seen as a jump in social interaction

Before the Revolution of 1789 the French society was segederithis observation
also applies to the societies of other European countrigspraissibly the exception
of Britain. There were three separate groups between whate twas little interac-
tion.

(1) The clergy, that is to say priests, monks, and other ¢hpecsonnel

(2) The nobility which represented about 5% of the poputatio

(3) The common people which represented 90% of the populatio

The rules about this division into groups were fairly stri€or example, to claim
nobility status a person had to prove that his parents antblgoarents already be-
longed to the nobility; also only persons from the nobiliutd become army or
navy officers; but on the other hand, persons from the nglmittld not open a shop
and become traders. The clergy was also a separate groulp whschated by farm-
ers because it owned about 15% of the land and collectedapaxes. Moreover,
the church had total control over education. The French Rewa abolished these
separations and by so doing greatly increased the interdotitween French people.

Almost overnight common people were able to become armyenfficThis was not
only theoretical. Quite a few common people became not offlgens but even
generals: Lazare Hoche who came from a poor family was calpbthe age of 21
and became general at 25. As to Napoleon Bonaparte with wioanmgay be more
familiar, he became a lieutenant at the age of 16 and a geatelad age of 24 (as his
family had a low nobility status, he would never have beee édbbbecome a general
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Fig. 1.3 Increasing interaction by removing barriers The increase in interaction may happen in two ways:
(i) Removal of the social barrier between unchanged bluegradn populations (diagrams in first line); for
instance before the French Revolution there was a rigiddsaretween the nobility and the common people
(referred to as the Third Estate).

(i) Removal of social barriers and in addition relocatidntloe blue and green populations in a way which
brings them closer to one another; an illustration is pregity the arrival of German immigrants in the United
States after they have crossed the Atlantic. The removaladbarriers consists in the fact that the immigrants
learn English and get used to American customs.

The example of the US Army versus the US Navy refers to the tfaadt prior to World War Il these two
organizations were largely independent. The combinedatipes of the Second World War compelled them
to work closely together. As chief military adviser to PoEsit Roosevelt and Chief of Staff of the US Army it
was the duty of General George Marshall to enable them toatcstitcessfully.

before the revolution).

Why is it important to increase interaction between people?

| will answer this question by describing 3 case-studies.

e The first case was suggested to me in recent days by the mildgrguvoblem
in China. Imagine a farmer who sells his milk to the peopleisifilage. Would he
be tempted to add melamine in order to increase the prot@itent? Certainly not
because he knows the children who are going to drink the miik.the contrary, a
farmer who sells his milk to a dairy company does not know whbdaink the milk.
In addition his milk will be mixed with the milk of many otheafmers which weak-
ens even more the link between farmers and consumers. Inwdnds, interaction
with consumers brings a kind of social self-control. If #né& no interaction, farmers
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will just seek their best interest. To prevent problems saagthe melamine problem
the authorities must issue regulation and perform contils it is always possible
to get around rules and regulation. Social self-controligimmore efficient.

e As a second example consider the process of outsourcindghdsabeen used
by many organizations in recent decades to reduce labas.cdake for instance a
university like this one. For the personnel who cleans sredassrooms, offices
there are two possibilities. They can be employed by theeausity or by a private
company which is payed by the university. Observation shitvasin the first case,
provided they are employed in good conditions, employeesldp a kind of loyalty
to the university; as a result they are likely to carry outithveork with personal
motivation. In the second case the employees have no itianaaith the university;
unless their work is closely monitored by a supervisor, they likely to do it as
quickly as possible. The same argument also applies to othganizations such as
subways, airports and so on. Once again we see that intaraetn replace controls
in a more effective way.

e The third example will illustrate what happens when the reatii the interaction
changes. We will consider the case of Enron Corporation. &dsmay remember
Enron was a big American company which declared bankrupt®ecember 2001.
The turning point in fact occurred 5 years earlier in late@.9Before that date the
president of Enron was Rich Kinder and in 1996 he was replageteff Skilling.
The two men had completely different conceptions. My infation on this question
comes from a very interesting book written by Robert Bryc&@92. Here are
some observations extracted from this book. Under KindempiEwas a relationship
business which means that loyalty, trust and personaloaktiips among employees
were very important. On the contrary, under Skilling relaghips counted for zero.
Reportedly, he once declared:

“Trust doesn’t matter, all that matters is money. You buyalby with money,
don't ever forget that. Traders are mercenaries, theirgadb kill.”

In order to implement his policy, Skilling hired a great nuenbf bright traders from
Harvard, the University of Chicago, West Point and from testtAmerican business
schools. As soon as they were hired they began to competeghicbhie another.
For instance, instead of cooperating with his colleagugspgect developer would
refuse to share with them the details of the project becaasgduld fear that the
colleagues might steal his project and get the financial &dimat would reward its
successful completion. In the book that | mentioned sew@hrar episodes are de-
scribed which suggest that the shift from cooperation tomettion had detrimental
effects in many respects. Of course, at this point it is insgale to provethat this
change of interaction played a key-role in the failure of¢cbenpany. To prove that,
one would have to study other similar cases in order to makgeonsons.
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In the third lecture | will explain how it is possible to basdm@ad explanation of
historical cycles on the conclusion reached in the presdéintiamely that improved
efficiency goes hand in hand with increased interaction.

e The fourth example is the change which occurred in laboticgla at Boeing
Corporation. It can be illustrated by the following commemade in the Seattle
Times on 30 July 2004.

| recently worked for Boeing as a contractor on the 747-8 oBethat | was in
the IAM as a assembly mechanic on the 747 for 10 years startitg79. In
between, | worked for many Boeing suppliers. When hired bgiBg back in
'79, | was fully trained by experienced senior mechanic®ieebeing allowed
to work on my own. When | recently returned to Boeing as a @mttmfg
engineer, | was shocked by how much this great company hadjeldaover the
last 2 decades. Gone where the experienced people. Fomgyactors were
everywhere.No one was communicatingnd contractors hired to temporarily
helpwere shunned by the SPEA direct workeFaere is something very wrong
at Boeing. Things have changed. In the 80’s, Boeing was aatigtcited as
one of the best managed companies in America. No one is sdyatgow.
Boeing workers hate their management and management hasidsol of the
workforce. Working at Boeing was a horrible experience aladtithem.

Once again we have a case of lack of interaction both amongendrand be-
tween employees and management. Hiring temporary workénme presumably
earn smaller wages than permanent workers) is a form ofd@hsutsourcing. It
may be cost effective but it is also a sure recipe for bringibgut bad working rela-
tions. It is probably because the adverse impact of worgdaimor relations cannot
be easily assessed that management was lured into thirflahg tvould be a good
solution.

At the time of writing (8 August 2009) and in spite of the facat the Dreamliner
was not scheduled to make its maiden fly until 2010, Boeing plasning to es-

tablish a second production line in South Carolina. The firsduction line is in

Everett in the state of Washington which is the historicatdie of Boeing. For the
management the main advantage of this project would beithebntrast to the one
in Everett, the second production plant would be union free.

12This comment contains several acronyms; here are possibEnimgs: IAM=Integrated Area Management,
mfg=major functional group, SPEA=Service Platform Engiing Associates.



Lecture 2
Effects of increased interaction

Lecture given at Beijing Normal University, Department g6t&ms Science, on 8
October 2008, 14:00. and at Chuo University on 10 Decemb8B8207:00

This lecture heavily relies on a parallel with physical pberena3. At first sight

such a parallel could seem weird. Although it can also beifjest by technical

arguments, its ultimate rationale is that physics is theydigld which provides a
clear understanding of interactions. As a guide the physicald may perhaps not
be perfect, but I think it is not misleading and it is probabbtter than to have no
guide at all. Anyway, it is through its fruits that this apph will eventually get
justified.

Main conclusions of the first lecture

| welcome all of you to this second lecture in systems science
In the first lecture | gave a number of general ideas abouésystcience.

¢ | noted that research in systems science seems to be moiepkyén China
than in western countries.

e | gave some evidence which suggests that the stronger thations in a
system the more efficient and “creative” it seems to be.

e | mentioned two ways by which interaction can be increasge8ringing the
elements of the system closer together (ii) Abolishing theibrs which separate
different subgroups within the same system.

e As anillustration of the first way, | gave the examples ofstard cities, two sys-
tems characterized by strong interactions because tteneglts are drawn closely
together.

e As an illustration of the second way, | gave the example offftemnch Revo-
lution of 1789 which abolished the barriers between theliighihe clergy and the
rest of the population. A similar effect probably occurredihina in the wake of the

131t should be emphasized that the parallel is not with physfeeories or with mathematical methods of theoretical
physics but with what we know about the physical world itself
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Revolution of 1949. As my knowledge of Chinese history islydimited, | prefer
to leave this point to your discussion.

e | also gave the counter-example of Enron Corporation whera@mosphere of
exacerbated competition prevented employees from compgi@e with another.

| also briefly discussed the recent powder milk problem. knrieanwhile | gave
this question a closer look. If you wish to discuss it furtfrem the perspective of
systems science, please do not hesitate to visit me in medafiany time.

What can we learn from physics?

This lecture more than any other relies on a parallel withspdsy At first sight such
a parallel could seem weird. One can try to justify it by tachharguments but
the most fundamental In my first talk | emphasized that thetrsesous difficulty
that we face in the field of systems science is the fact tharsat least, we cannot
measure the strength of social interactions. This prewestsom building weighted
networks in a realistic way and it makes it very difficult temdify the effects of
stronger (or weaker) interactions. Fortunately, for pbgkssystems we know how
to measure the strength of interaction. For such systerssthierefore possible to
identify and study the effects of stronger interactions.ugha natural route is to
study a number of physical systems from the perspective siEgys science that is
to say by focusing on general rules that may possibly be p@sed to social and
biological systems.

To illustrate that approach I will in this talk consider a sifie physical phenomenon,
namely the mixing of two liquids. You may ask, why liquidshat than gases or
solids? Well, the response is very simple. We know that betwsocial agents
there arepermaneninteractions. Yet, in gases there are only short-lived kboc
For instance for hydrogen in standard conditions of pressmd temperature the
duration of a collision is 1/1000 of the mean time betweercklp0.1 picosecond
as compared to 100 picoseconds. A similar situation in $adi@ractions would
mean that people would talk with their family and friendsyoohe day every 1,000
days that is to say one day in 2.7 years! Naturally, in solidsd are permanent
interactions as in liquids.

Mixing of two liquids: qualitative experiments

Here | have three liquids: a liquid which is water on the one hand and on the other
hand a liquidB which is either soya sauce or a red liquid which is used in ocapk
as a food coloring substance.

If I add the liquidsB to the water, do they mix? From the observation of a drop of
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liquid falling into water it is not immediately clear thatehwo liquids are able to
mix. However, if | stir the liquids which is what | will do in aeparate container,
then it becomes clear that the liquids mix. We will say thatliquids are miscible.
They form a new liquid C which is different fro andB: A+ B — C

If | try to repeat the same experiment with water and oil, wetbat a drop of water
falls in oil by forming a small sphere which goes to the bottohthe container
without mixing. If | stir the liquids they first seem to mix btdirly quickly they
separate into two layers. We say that the two liquids are Buibie.

The fact that oil is not soluble in water seems a fairly tiialbservation, but in fact it
Is not. First of all, it is not really true: oik soluble in water but in small proportion.
This effect becomes more obvious if we increase the temyrerand pressure: at a
temperature of 300 degree Celsius and a pressure of 20 ateresgwhich ensures
that water is still liquid) water and oil are completely mide. This observation
clearly suggests that the phenomenon is not as trivial aaytseem at first sight.

At this point you may say that as stirring seems to play a atuole, perhaps we did
not stir the oil and water vigorously enough. By putting ttve fiquids in a bottle |
will be able to stir them more. Yet, after about half a mindteyt begin to separate
(though the complete separation may take several hours).

Interpretation of the phenomenon of mixing

From the perspective of our inquiry, two questions are ofipalar interest: (i) How
can one explain the phenomenon of miscibility in terms ofeunalar interactions?
(i) What parallels can one draw with social systems?

Regarding the first question, | will just say that the strarthe interaction between
the moleculesi and B as compared with the interactiods- A andB — B the better
the two liquids will mix (more explanations are given late) oln short if we denote
the interaction strength biyone has the following rufé:

I(A,B) < Max[I(A, A),I(B,B)|: no mixing
I(A,B) > Max[I(A,A),I(B,B)]: mixing
I will now illustrate this rule by examples taken from socigy.

“Gedanken” experiments about the mixing of groups

Gedankens a German word which means “by thought and imagination’e €k-
pression “Gedanken experiment” is used by physicists ini&m@gnd French (and

“This is a rather approximate rule because there are otheaatRéstics which also play a role, for instance, the size
or shape of the molecules, temperature, etc. At this pomettact expression to be used in the right hand-side is not
really important. We considered the Max of the two inter@tsibut other writers use the average of the two interactions
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probably in other languages as well) to refer to an experimémse outcome can
be predicted through plausibility arguments but which hatsactually been carried
out. Such examples can be useful for strengthening exjtarsabut of course they
cannot replace real experiments.

e Consider what can be called an ancient style family with drparents, parents
and children. Between these family members there is a stfFGAgA) interaction.
Thus, it will not be possible for somebody from outside to beegpted in the family
unless that persoB is able to develop &(A, B) interaction which is stronger than
I(A, A) (in this casd/ (B, B) plays no role because B consists of only one unit). The
standard way for generating such an interaction is to mamey af the persons of
the family: the strong interaction between husband and willeallow B to become
integrated.

e Consider a club of chess players. The interaction betweadn rriembers is
largely based on playing chess. Any good chess player wilkadily accepted.
Playing chess with somebody else does not seem to creatg strarg link between
these persons. How then can we understand that clubs of plagess are relatively
stable®?

One can think of two reasons. (i) Playing chess during anirgemnce in a week
IS an occupation which is easily compatible with other Sashigies such as working
obligations or family life. In other words there is no realnflact or competition
with other activities®. (i) Intuitively one would say that the cohesion of a grogmc
be maintained all the more easily if it is fairly homogeneouW¢hat makes a chess
club homogeneous is that only one facet of the members playe anamely their
ability to play chess. For instance the fact that the memimeng belong to different
political parties would cause a serious problem in a unidndatompletely irrelevant
in a chess club. Thus, one can understand that even the wieaiaton resulting
from playing chess together will be sufficient to maintaia tohesion of the club.

To discuss a case of mixing we must consider a situation wihiatives two clubs.
So, suppose that the chess club of citynakes an arrangement with the chess club
of city B to spend a week in the same vacation resort. One would notrpasad

to see the players of playing with those of3. In terms of interactions, one would
expect that:

[(A, A) ~ I(B, B) ~ I(A, B)

5n fact, unless we can find data about the evolution in chegsmlembership, we do not know how stable such clubs
are. How often does the marriage of a member or the birth ofld ichhis family result in his resignation from the club?
One would expect the fluctuations in the number of married besito be larger than those of non-married members.

8Actually, this argument is perhaps not really necessarps@@r a club in which the members play not once a week
but every day. Obviously, this will make them very good play&ith the result that playing chess will become more
important for them. Thus, the interaction will be stronged & spite of the fact that attendance is more demanding the
cohesion of the club may nevertheless be maintained.
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What makes this situation of particular interest is the thet the actual level of
interaction can be estimated quantitatively by countirggrttimber of games of each
kind, thus ifn(A, B) denotes the number of games opposingnd B players.

I(A,A) ~n(A,A)/ny I(B,B) ~n(B,B)/n; I(A,B)~n(A,B)/n;
where:n; = n(A, A) +n(B, B) + n(A, B)

Now, suppose that in city3 there is a team of figure skaters. which some reason
spends a vacation in the same hotel as the chess player ctity of. Apart from

a few casual contacts at breakfast or dinner time one wouldatittle interaction
between them. This would be a case of no-mixing4, B) = 0. To generate more
interaction there must be other channels of communicativwéden the two groups.
Chess players are mostly men; if the ice skaters happen tdadaeraof pretty girls,

it is likely that interaction will be increased. However,amiifying that interaction
will be more difficult than in the previous case.

What is the usefulness of su@edankerexperiments? They may help us to identify
interesting situations. The data describing such sitnatroay not yet be available,
but they may become available subsequently or perhapsitingeyde data for situa-
tions which, although slightly different, allow similar sérvational tests.

Next, | consider a number of historical episodes which shiwyagons in which two
groups do not mix well, or cases in which they mix subsequyeath first rejection
reaction.

In contrast to the previouSedankemexperiments, these are real situations for which
data are (more or less) available. The main drawback is titt sistorical episodes
usually are complex situations which have many differec¢fs. They provide what
we may call “soft qualitative evidence”. That kind of evidencan make our inter-
pretation sound more plausible but it does not allow to tasta significant way.

No mixing: historical examples

Such cases are usually described as reactions of intokerhuatthis term is more a
moral judgment based on our current vision of human rightkar than an objective
description. This becomes clear when one realizes thatreachions were the rule
rather than the exception during long historical periodgime. The most well-
known example was religious “intolerance” that was the déad attitude during the
17th and 18th centuries in almost all countries from BritaiRrance, Spain or Japan.
The case of the inquisition in Spain is fairly well known, ashe St Bartholomew’s
Day Massacre (1572) of Protestants in France, but it is itapoto realize that this
phenomenon was not limited to Catholic countries. It wasat fairly universal and
in order to emphasize this point | will give examples takemfithe history of Britain
and Japan.
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e To become a priest, or to harbor one, or be present at mass,oneres pun-
ishable with death. A total of 389 Catholics are known byitin@mes to have been
officially executed in England and Walés This list does not include those who
were massacred subsequently to rebellions; for instaneetat “Northern Rebel-
lion (1569)” (also known as the “Rising of the North” a largemnber of Catholics
were killed in reprisaf nor does it include the numerous Irish Catholics who were
killed during and after failed uprisings or because theyenmiests.

The Clarendon Code (1661) severely limited the rights ohGlats and noncon-
formists (e.g. Quakers) effectively excluding them frontior@al and local politics.
By 1662 thousands of nonconformists were in prison.

¢ In Japan the list of Catholics who were killed is of course msicorter than in
Britain. About 229 are known to have been killed between 1&9Y 1639.

e |t seems that the only countries where tolerance seemectt@ipwere coun-
tries such as the Netherlands or Switzerland which had adesieucture and where
the central government was weak.

This brutal rejection of one group by another is difficult tulerstand if one does not
realize that at that time religion permeated the whole $gpci@ata about the print-
ing of books show that around 1650 about 50% of the books wewataeligiort®;
schools and universities were almost completely under ¢meral of the Church;
marriage was a purely religious matter (as a result it wa®ssible for dissidents to
become married officially); all vacation days were for reigs purposes; the king
(or queen) was seen as deriving his (her) power from God ahasiged by the
coronation ceremony.

The fact that the nation was embodied in the religion canlbstibted by two facts.
(i) Catholic priests who were caught in Britain were not atdd as heretics but rather
for high treason which implies that they were hanged, dravwhcuartered, the mode
of execution reserved to traitors.

(if) In 1609 a statute required candidates for British etighip to take the sacrament
according the Anglican rite.

In brief, because almost all social interactions were baseckligion, thel/ (A, A)
interaction between people belonging to the same religiaswery strong but at the
same time thd (A, B) interaction between people of different religion (thiseint
action was based on the few aspects of life which did not dépenreligion) was
small. As a result the society was segmented into two groupshwhad very little

171530-1560: 93, 1561-1600: 167, 1601-1680: 107, unknower @2; the source is the website of Wikipedia, article:
“List of Catholic martyrs of the English Reformation”.

18At least 70 noblemen were executed and 800 Catholics per@héhe gallows;
http://www.tudorplace.com.ar/Documents/NorthernRleehtm

19As a matter of comparison medical books represented onlyRasghner (2002): “Pattern and Repertoire in History”,
p. 91



Effects of increased interaction 37

contacts. As will be seen in the fifth lecture, when two pessoandb have little
contactsg does not mind punishingif he has some reason to do so.

Rejection followed by slow mixing

Now, consider the case of the African-Americans. BeforeGiwd War (1861-1865)
most of them were slaves, but even after 1865 their righte westricted in several
ways. In many states, marriages between African-Ameriaadsvhite people were
prohibited until 1967° .

Even after the Civil Rights movement in the 1960s, the haysireas of the Black
and White populations to a large extent remained separdte result, few links
were established between these two communities. Even raysdtle percentage
of mixed Black-White married couples remains very low of tnder of 0.4% of all
married couples in 2006.

In short, the situation is similar to the case of two liquidsosel (A, B) interaction
Is weak (which means that they will not mix well). Of coursecbntrast to liquids,
I(A, B) can change in the course of time. But for this to occur theitirtginal
barriers (at residential or occupational level) must beeled. Whether this will
happen or not is an open question.

Rejection followed by rapid mixing

Around 1848 a great number of people from Ireland emigraidti¢ United States
because there was a terrible famine in Ireland. At first, tmege not well accepted
and in many places there were rejection riots in which IrisithGlic churches were
burnt down and Irish people injured or even killed. Little layle, however, Irish
people became integrated in the American society: instéapanaking Irish they
switched to English, they married non-Irish men or womenm, atopted American
ways. Yet, it must be emphasized that by becoming integratedaccepted they
also changed the American society. For instance, the Gatledigion became an
important component of the US society. In other words, aBemtixing experiment,
a new society C took shape.

Implication of a shift in interaction strength

During the 19th century for a number of reasons there wasdaeation of west-

201 this year the US Supreme Court who had previously avoidet sases agreed to hear a miscegenation case. In
its decision, it ruled that anti-miscegenation laws weresigned to maintain White supremacy” and recognized th# rig
to marry a person of another race. Yet, it took South Caralinél 1998 and Alabama until 2000 to officially amend
their states’ constitutions to remove language prohigitmscegenation. In the respective referendums, 62% ofwvote
South Carolina and 59% of voters in Alabama voted to remoesditaws. Through personal testimonies it is known that
in these states, although no longer officially prohibitededimarriages were made difficult by using various buredigcra
pretexts.
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ern societies". With education becoming more widespread, language begplay
an important role as a cohesion factor. This shift had fachieg consequences for
the cohesion of states. In a general way, the states whichtbgéther because of
a common religious identity but included different langeaglisintegrated. At the
same time nations which had a common language were able ¢oneegnified even
if there was a plurality of religions. In the first categoryeazan mention:

(i) Denmark; in 1658 it lost to Sweden the province of Scateaa with the neigh-
boring provinces of Blekinge and Halland which togetherstitate the southern part
of Sweden; it lost Norway in 1815, Schleswig-Holstein (Gamspeaking) in 1865,
Iceland (Icelandic speaking) in 1945.

(i) The Austrian Empire; it disintegrated in 1918 with thecession of Hungary and
Bohemia (Czech speaking) and northern Italy.

(iif) The Ottoman empire; it lost its Arabic speaking prosas in 1918.

(iv) Belgium (partly French-speaking); it separated frame Netherlands (Dutch
speaking) in 1830 and nowadays the country seems to be téfpi division into
two parts: the Flemish-speaking part in the north and thadfrespeaking part in the
south.

In the second category one can mention the creation of theet)idtates and the
unification of Germany in 1871.

Miscibility of languages

In this paragraph | consider still another case of mis¢ipiiamely miscibility at the
level of languages.

Examples of words transferred from one language to another

It is quite common for words and expressions from a language be integrated
into a languageB. After all, the English language was the result of centuaks
invading Romans, Danes, Saxons and French layering theguéges over older
British dialects.

For instancebeau gestéfine gesture)peaumondé¢high society) béte noire(some-

body who is disliked)bon mot(witty remark),creme de la cgme(something su-
perlative),cuisine(style of cooking)cul-de-saqblind alley), entre nougconfiden-

tially) are some examples of French words and expressiomshwiave been inte-
grated into English. However, they are still recognizalddnaving a foreign origin
which suggest that their integration is not yet completdlyRaotegrated words are
characterized by the fact that nobody but etymology expeotdd suspect that they
have a foreign origin. For instance, it is not obvious tha Werbs “to abate” or

2IMany reasons may have played a role, for instance the pogfasience and the development of education.
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“to abridge” are English forms of French verbs, namabattreandabrégerrespec-
tively; or that “algebra” is an English adaptation of the Biawordal jebr. In other
words, these words seem to be better integrated.

In this process of integration the date of the transfer seenpgay a key-role. For
most of the words in the first list the transfer occurred in1Bth century?> whereas
for the words in the second list the transfer occurred ardgbad 4th century that is
to say much eatrlier.

Miscibility versus immiscibility

In the previous section | gave examples of foreign wordslikaame integrated into
English but it also happens that the integration proce$s fai those cases the for-
eign words are used for a short time and then are dropped.

An example is the word “railway” which was commonly used irifrch during the
late 19th century but which is no longer used and has beeaaegby French words
such as “train” or “chemin de fer”. Another similar examptethe English term
“wattman” (i.e. driver) which was still used in French in th850s: “Il est interdit
de parler au wattman” (i.e. it is prohibited to talk with thever) but is no longer
used nowadays.

Can we interpret such rejections by using the ideas that we developed to explain
the miscibility of two liquids?

In order to establish a parallel with the miscibility of ligs, one should first ob-
serve that a language is a system in which words (or chasactéanguages such as
Chinese) interact according to specific rules. Naturallyoadihhas a much stronger
interaction with the words in the same line than with wordsollhare several lines
below. In short, the interaction between words decreastsdistance just as the
interaction between molecules.

What happens when a word from a langudg)és incorporated into a languagé?
Two things may happen.

¢ If it develops enough links with other words it will be inteded. Examples are
the words “weekend”, “bye” or “ciao” which are commonly usaed~rench. Other
examples are the words of French origin in English that wetioeed above.

¢ If the word does not develop enough links it will eventualbyrejected.

Although this explanation seems fairly reasonable, it igials that it makes little
sense unless one has been able to define the term “enoughliamatgtive way. This
can only be done by empirical observation: for each wordnder examination and
based on a fairly large sample of texts one would establist aflthe words which

2?Here are some dates of transfer given by an online etymabdictionary (http://www.etymonline.com) beaumonde
(1714), créme de la creme (1738), cuisine (1786), cubal=(1738).
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precede and followw; 2. Then one would order the words; according to their
numbers of different closest neighbors. Once this is dandllibecome possible to
check if thew; which have been dropped after a few years are indeed thosd whi
have only few neighboring words

Apart from the number of closest neighbors, other factorg play a role, for in-
stance the length of the word. It seems natural that shortisvenll be used more
often than long words. An illustration is provided by theliia wordsciao (good
bye) andarriverderci(which also means good bye but with a more formal expression
of goodwill at parting). Both words are used in French @iab is used much more
frequently thararriverderci.

Quantitative mixing experiments

Before coming to my next point, | will carry out two quantite mixing experiments
with the purpose of convincing you that, if one looks at itsgty, the process of
mixing of two liquids is quite complicated.

e The first experiment will show that the mixing of water andodlal (ethanol)
results in a rise in temperature. Before getting mixed the liguids are at room
temperature that is to say about 20 degree Celsius. By atitérwgater to the alcohol,
the two liquids will mix; indeed, because of its higher dénsghe water will fall to
the bottom. At the same time the temperature increases td abalegrees.

e The second experiment will show that the mixing produces raraotion in
volume. This time | slowly add the alcohol to the water beealudo not want the
two liquids to mix immediately. Then | mix them by turning thettle upside down;
the volume decreases by about 10%. You may object that therfihgt | put on the
top of the bottle may have absorbed some liquid. As a check oply water in the
bottle; when I turn the bottle upside down the level of theawahanges very little.

At the beginning of this talk | said that physical systems ralp us to better under-
stand what happens when an interaction is increased. Asuatraltion | will focus
on boiling temperatures.

Influence of interaction strength on boiling temperature

Physicists have been able to measure boiling temperattixesious liquids for al-
most three centuries. This became possible as soon adedlatmometers were

23|n the language of statistical mechanics this would cowedto a model with an interaction restricted to closest
neighbors.

24This is only one mechanism through which a word can becontertintegrated. It is possible to imagine others. For
instance a wordv; may establish a very strong connection with another wortlishalready well integrated. In this way
it may become integrated so to say by association.
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Fig.2.1 Two experiments on the mixing of water and ethanol (gH50H). These experiments can be per-
formed easily by anyone who wants to get a more intuitiveirigedf the mechanisms described here. When
ethanol is added to water there is a volume contraction aeteage of heat. Both phenomena are affected by
respective proportion and initial temperature (see Fig). 2.

Similar experiments can be performed with many compounts.riixing of acetone (§HgO) and chloroform
(CHClI3) is even more exothermic, whereas the mixing of acetone saithon disulphide (C§ is strongly en-
dothermic and results in a volume increase. Note that beczarbon disulphide is more toxic and dangerous
to handle (it catches fire very easily) than the previous aamgds, the last experiment should rather be done
in a chemistry labSource: Moelwyn-Hughes (1961, p. 812)

available. In this respect, one can recall that it is arour8blthat Anders Celsius,
a Swedish astronomer, proposed the temperature scale ek his name. Nat-
urally, after having measured the boiling temperatures afnyniquids, physicists
tried to understand what are the main factors which detexrtiem. They tried to
establish correlations with density, viscosity, and saMether variables but all these
attempts were unsuccessful. We now know that the majorrfastine interaction
strength, but physicists were not able to measure thisblarimtil the 1930s. Thus,
boiling temperatures remained a mystery for almost twouress.

This is illustrated by the graph (Fig. 2.4) of the boiling feenatures as a function of
molecular weight. If for a moment we leave aside the curvdleralkanes, we see
that for the other points there is no clear relationship. YWdmstinguishes these sub-
stances from the alkanes is the fact that they lthiferentinteractions whereas all
alkanes have theameinteraction. There is a so-called London interaction betwe
hydrogen atoms. | do not go into more details but you can finceregplanations in
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Fig.2.2 Heat of mixing between water and three different alohols. Methanol (CHOH), ethanol
(CoH5OH) and propanol (¢H;OH) are the first three alcohols:,,85,+10H, n = 1,2,3. Usually, for in-
stance for acetone-chloroform or methanol-ethanol, tmeesponding curves are symmetrical with respect to
molar concentration (as indicated by the thin line curvijs points to a connection between the shapes of
the curves and the structures of molecular assemblagestigffgmmetry shows that several water molecules
surround each alcohol molecule (as shown in Fig. 2.3). Nwéewhen the proportion of water becomes too
small, the mixing with propanol becomes endothernBource: Bose (1907), Landol®&Bhstein (1976).

Appendix A. Because the number of the hydrogen atoms i$ fisgportional to the
molecular weight (see Fig. 2.6) the variable on the horizlostale is in fact propor-
tional to the strength of interaction (at least for the abg)n Thus, by focusing on
a single interaction the picture becomes much clearer. atiethat as the interac-
tion becomes stronger the boiling temperature increasesnisistent with physical
intuition because when the interaction is strong it requimmre kinetic energy (i.e.
a higher temperature) to extract the molecules from thadighat is to say to make
it boil.

Other physical variables such as viscosity have a simildery pattern with respect
to interaction strength (Fig. 2.5).

The fact that by focusing on a specific interaction one candihalden order behind
the initial chaos is encouraging because it suggests thathe future we are able to
measure social interactions these variables may also tiiio be major explanatory
factors of social phenomena.

After having considered the effect of stronger interactio@a single liquid | come
back to the more complicated phenomenon of the mixing of tguads.

Mixing mechanisms of two liquids
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Fig.2.3 Schematic representation of the molecular assendge in water-methane and water-ethanol so-
lutions. In contrast to methane GHwhich features only weak London forces, the molecule of ethaom-
prises two segments (i) the alkane-like segmengEHCH, (ii) the water-like end OH. For that reason, ethanol
displays a dual behavior: like methane, it attracts an riairashell of water and like water it forms strong
hydrogen bonds. According to some recent studies (Dill.€2@03, p. 581) there may be as many as 17 water
molecules in the first hydration shell. The precise shapbefiolecular assemblage is of little importance for
the purpose of this paper; what matters is the fact that tkexdnighly ordered rearrangement which results in
a decrease of entropy, in contrast to the standard entrapgase in the mixing of two ideal liquid§ources:
Baumert et al (2003), Dill et al. (2003), Dixit et al. (200Z3uo et al. (2003), Israelachvili et al. (1996).

Is water miscible with alcohol? From our everyday expergewe know that indeed
itis. After all, wine is a mixture of alcohol and water, isit? An interesting question
is whether this can be predicted from our knowledge of mdérdateractions. But
before coming to this discussion let me perform two expentsieshich show that the
mixing of water and alcohol is accompanied by two effectsa (ielease of heat (ii)
a volume contraction. Bearing these results in mind, we gamtb the theoretical
discussion.

For the sake of simplicity we focus on just 6 molecules: 3 ofevéhat we represent
by X, and 3 of alcohol which are represented by OOOO in ordenphasize that a
molecule of ethanol is bigger than a molecule of water. Thengican schematically
be represented in the following way.
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Fig.2.4 Boiling temperature as a function of intermolecula attraction. For alkanes GH,,, 1o with a linear
chain, which are represented by dots surrounded by a sghar&ter-molecular attraction is proportional to
the number of the hydrogen atoms and hence also to the mategalghtM = 14n + 2. The trend portrayed
by the solid line means that for longer carbon chains morartakagitation is required in order to break
the intermolecular bonds. The dots represent hydrocarght, whose intermolecular forces, are slightly
different due for instance to branched carbon chain whishlte in boiling temperature differences of the
order of 10%. The stars correspond to compounds whose ntatemupling are of a different nature, either
much weaker as argon or much stronger as ammonig)Ndthanol (GH;OH), water.

Source: Lide (2001)

(i) Before mixing:

Al A2 A3 B1 B2 B3
X X X 0000 0000 0000

(i) After mixing:

Al B1 A2 B2 A3 B3
X 0000 X 0000 X 0000

What are the changes required to go from (i) to (ii)?

e The distance betweefil and A2 must increase to make enough space available
for the moleculeB1 to position itself in between. For the same reason the distan
betweenB2 and B3 must increase to make space 3.

e The distance between themolecules and th& molecules decreases.

In terms of interaction, this has the following consequence

(a) The interactions within each liquid (i.d. — A andB — B) decrease

(b) New interactionsi — B are created (before mixing the distance between the two
liquids was so large that this interaction was practicatinexistent).

How will the system evolve?

You know that physical systems evolve toward states of lewnergy. In Appendix
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Fig.2.5 Heat of vaporization and viscosity as a function ofriter-molecular attraction for alkanes. As
explained in Fig.2.6, for the alkanes there is a proportignbetween attraction strength and molecular weight.
The solid line corresponds to the 20 first alkanes (exeept 15 which is missing in data tables); it describes
the empirical relationshipLs(C,Ha,,+2) = 1.1+ 1.7n. The broken line represents the viscosity; it is restricted
to the alkanes which are liquid at room temperature, namely7, ..., 16 (n = 15 is again missing)Sources:
Lide (2001), Moelwyn-Hughes (1961, p.702)

B it is shown that for these molecules, this is equivalenvtw\veng toward a state of
greater interaction. Thus for the mixing to occur the newrattion must more than
compensate the loss of interaction which occurs within sagarate liquid.

With these ideas in mind, we come back to the question of hgwedict that alcohol

is soluble in water. In this case the— B interaction turns out to be substantially
stronger than thel — A andB — B attractions (see Appendix C). This implies that
the interaction gairA — B is greater than the decrease of the- A andB — B
interactions.

This leads to several predictions:

(i) The two liquids will be miscible.

(i) Because the new equilibrium state has a lower energy tha initial state the
mixing will produce a dissipation of heat; this heat will rrase the temperature of
the mixture.

(iif) Because the interactiodA — B is stronger than the interactiods— A andB — B,

it will keep the molecules closer together; in other wordsexpect the mixture to
experience a contraction during the mixing.

As shown by the former experiments all three predictionsraileed confirmed by
observation.
In a more general way, this example suggests the followimglagion. If the inter-
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Fig.2.6 Attraction between alkane moleculesThe figure shows two alkanes: methane (Jldnd butane
(C4H10) The attraction due to induced dipoles (also called Londamds) represented in the figure is a form
of interaction which exists for all molecules but besides thode most molecules have several other modes
of interaction. The particularity and simplicity of the alkes comes from the fact that they do not have other
modes of interaction. This is why the attraction betweendlikane molecules is proportional to the number of
their hydrogen atom2n + 2 and thus to their molecular weightn + 2.

action A — B is substantially stronger than the interactiohs- A andB — B, the
two liquids will be miscible in all proportions and the mignwill result in a release
of heat and in a volume contraction.

If the interactionA — B is weaker than thel — A andB — B interactions, then the
two liquids will be only partially miscible.

Appendix A: Molecular interaction

Molecules can interact in several ways but for our presenpgae the two most
important are the following.

e Interaction between molecules which are dipoles that isatovghich can be
schematized as two charges + and - separated by a shortodisibthe order of a
few nanometers. Typically molecules which have a OH partigreles.

¢ Interactions between molecules who are not dipoles, féante molecules that
have only carbon and hydrogen atoms and no OH part. For theleeuahes the main
form of interaction is the so-called London interactionpeal after the American
physicist Fritz London.
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How can one intuitively explain the London interaction? Imalecule the distribu-
tion of charges changes all the time. Suppose that at somesnta@rconcentration

of + charges develops in a specific area. This will induce tlkeaton of an area of
negative charges on neighboring molecules and will reaudini attraction between
these induced charges. This is the origin of the London fofcattraction. This
force exists betweeall molecules but because it is about 10 times weaker than the
interaction between dipoles, it plays a major role only fog molecules which are
not dipoles. The alkanes are such a class of molecules.

Appendix B: Evolution toward states of higher interaction

Take two elements (O) between which there is an attractireefat can be positive
and negative charges which have an electrostatic attraotit can be two masses
which have a gravitational attraction. As a result of theaation the two elements
will move closer.

state 1: O O

state2: O O

State 1 has a high potential energy of interaction; as oneemérom state 1 to
state 2 this energy is dissipated in some way. Thus state 2 bamller energy and
therefore is more stable than state 1, but because the tymeptes are closer state 2 is
also characterized by a stronger attraction than stateus $timewhat equivalently,
the equilibrium state can be labeled as the state of lowesggror as the state of
highest interaction.

Why is it more convenient to use the language of interactiam tthe language of
energy? The obvious reason is that we do not know how to ddfmenergy of a
social system (even in a qualitative way) but we know how tiingéethe interaction
between two social agents at least in a qualitative way.

Appendix C: Configuration of water and ethanol molecules

Thanks to X-ray scattering experiments we know the molecstiaicture of the
water-alcohol mixture. Without that experimental inpuivituld not be possible to
estimate the interaction strength. These observationsg 8tai the alcohol molecules
(which are much bigger than the molecules of water) are biesgrounded by about
6 water molecules which form what is called an hydrationiIstigdcause the water
(H-OH) as well as the alcohol (El;OH) have an OH part, they have a dipole-dipole
attraction. As all molecules they also have London intéoast Schematically, we
may give a strength 10 to the dipole-dipole interaction leetvtwo water molecules
and a strength 1 to the London interaction between waterculas.
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The interaction strength also depends upon the size of thecules. The smaller
their size, the closer they can be and therefore the straihgemnteraction. It is
because the water molecules are small that they can form ratig shell which
closelysurrounds the alcohol molecules. It is this structure txataens the high
strength of the water-alcohol interaction. We see thatdtriscture requires 6 water
molecules for one alcohol molecule. Therefore one expéetsrixing to be opti-
mum when there are 6 times more water molecules than alcoblelcores. This is
indeed confirmed by the experimental observation that tbeéymtion of heat during
the mixing is maximum for this proportion.



Lecture 3
A global view of complexification processes

Lecture given at Beijing Normal University, Department g§t8ms Science, on 15
October 2008, 14:00.

Main conclusions of the first two lectures

| welcome you all to this third lecture in systems sciencethiafirst two lectures
we have seen that the stronger the interactions betweeftetinets of a system the
better these elements are integrated. and the more effiscthe system seems to
work.

You may ask:
“How can the level of integration be defined accurately?”

In the case of two liquids this was easy. Alcohol moleculesvell integrated into
water because they are able to establish strong interaciwith the molecules of
water; from a macroscopic perspective this results in atlbbing miscible in water.
But how can we define this notion for a social system? Of couvben a group of
immigrants is rejected by a fraction of the population as thasase for Irish people
in the first years after their arrival in the United States oan say that the integration
IS not good. But how can we estimate the integration of thecAfr-rAmericans, a
group which has a long presence in America? One solution iséothe criterion
of mixed Black-White couples that | already mentioned in nngvous talk. You
may remember that in 2006 this proportion was of the order.4%0of all married
couples.

There is another possible criterion based on the infanthdad¢. If a group is well
integrated it means that for all major social variables dwdd have approximately
the same average as the rest of the population. The deatbfratants, that is to
say of babies between birth and the age of 1 year, is certamignportant variable.
It reflects several social conditions such as the health efntther, her working
conditions, the access to medical services, the healédgslof the home and so on.
On Fig. 7.8 (in chapter 7) one sees that, in contrast to theawgment for the Maoris
in New Zealand and the Aborigines in Australia, for the AdmeAmericans the ratio
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has remained around 2 during the past 80 years. This may seenssg because
one would have expected substantial progress of integratithe wake of the Civil

Rights movement. However, the slow pace of the integratiogness is confirmed
by the data about mixed marriages.

In the previous talk | also explained (but perhaps too qyiclkthy the standard
physical principle, which says that the evolution of an asedl system is toward
states of lower energy, can be expressed by saying that itmmes its interactions.
In its most simple form this equivalence is revealed by tH®fong case of two

particles between which there is an attractive force:

Initial state: O— «—— O (high potential energy, low interaction)
Final state: O-0O (low potential energy, high interaction)

Note that this equivalence holds only for attractive fora®se intensity increases
when the distance decreases, but this is the case of mossfauch play a role in
physics.

In the present talk we will examine the implications of thesles for the evolution
of social systems. There will be two parts. In the first, wd aonsider the historical
evolution of social systems over periods of a few centurlashe second part we
will discuss long term evolution; for social systems thisam&time scales of several
thousand years, and several billion years for biologicateys.

Social implication of interaction maximization

In human activities there are are usually two opposite &roepetition and innova-
tion. The first force leads to the reproduction and solidiftzaof existing conditions.
Let us give two illustrations.

e The concentration of land ownership in agricultural soegets basically a cu-
mulative process. Once it has begun it tends to get re-esdorindeed, because of
their political dominance big landowners are able to shajledir advantage the dis-
tribution of income. We can think of many societies of Latimérica as an example.
This widens the gap with the rest of the population. As a té¢kelsociety becomes
more segmented and, as we have seen, its efficiency decreases

e The same phenomenon can happen for business companiesvédioseshows
that as they grow in size, the number of their hierarchicatlealso increases. In
short they become more bureaucratic. Because top exesuinld the decision
power they are able to shape to their advantage the distorbat income. In recent
years, there has been ample evidence of skyrocketingeslkand compensation of
top executives while at the same time the salaries of theofebe employees stag-
nated or decreased (in this respect see lecture 7) As inéveopis case this produced
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increased segmentation and lead to a fall in efficiency.

Formation of social barriers which hinder interaction

Segmentation: ® Residential segregation
® Absentee landlords
® Holding companies

Entrenched privileges

<
-

More efficiency
Interaction

lfl(oue!:)!,ua SS9

"l
\

-

Removal
of (some)
barriers

Revolution

or
reform

A

Disparition e Extinction

>< ® Bankruptcy

Fig. 3.1 Alternation in history of periods of segmentation ad periods of unification and coalescence.
The graph summarizes the change in interaction strengtieitwio successive stages.
This process can occur in nations, organizations or bus#ises

e At nation level standard examples of revolutions are thesad France (1789), Mexico (1911 and
subsequent years), China (1949). Standard examples sfdraration through reform are Russia (Peter the
Great), Turkey (Mustapha Kemal), Japan (Meiji). Examplésallapses and disappearances are provided
by the kingdoms of India which became segmented into husdoéihdependent states and were eventually
overwhelmed by British colonization.

e For organizations, standard examples of revolutions ageClistercian movement (11th century), the
Protestant Reformation (Luther, Calvin).

e For businesses an example of disappearance is providedroy BEerporation (which was discussed in

the first lecture).

The second force, namely innovation can take the form ofefotaeforms or rev-
olutions. Such a change leads to an increase in interactidricaa re-unification
and regeneration of the society. In contrast, when no retorravolution occurs the
loss of efficiency may lead to bankruptcy and to the disares of the nation or
company. In the case of a country, it may be conquered andhizeld by a foreign
power, in the case of a company it may be driven into bankyupitcis probably
because India was segmented and paralyzed by its castengystieBritain, a much
smaller country, was able to take it over. The same observatiay apply to the
conquest of Mexico and Peru by the Spanish Conquistadasholild be noted that
around the same time a similar attempt by Charles V (the kirfgpain and emperor
of the Holy Roman Empire) to conquer North Africa ended iradter (1541).
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After a revolution has suppressed the main barriers betseeal groups the whole
process can start again. Note that this mechanism does pbt that there should
be recurrent cycles. The system can remain in a segmentedf@tan arbitrarily
long time. The occurrence of a revolution depends upon mactpifs, some endoge-
nous others exogenous. The present model simply statesciipaented systems are
characterized by low social efficiency while re-unified pastolutionary systems
are characterized by enhanced efficiency.

We will now turn to the long-term evolution of social and lmgical systems. But
before that we will briefly try to classify such systems acdtog to the strength of
their interactions.

Classification according to strength of interaction

Gases, liquids and solids greatly differ in terms of intécac

(i) The molecules in a gas (in standard conditions of tentpesaand pressure) have
almost no interaction: the collision time represents 10160Dthe time interval be-
tween two successive collisions. In terms of energy (e.gfdiooxygen) the energy
of interaction (Lennard-Jones potential) is about oneiomltimes smaller than the
kinetic energy:2.610~% kJ/mole as compared 4 kJ/mole. With regard to misci-
bility it is well known that gases are miscible in any propant

(i) The molecules in a liquid interact much more than in a.gd$eir collision
frequency is several hundred times larger than in a gas. rinstef energy, their
interaction energy is of the same order of magnitude as Kiegtic energy. Some
liquids are miscible in all proportions but many are onlytadily miscible.

(i) For solids (e.g. NaCl) the bond energy is about 100 Brizgger than the kinetic
energy. Solids are not miscible. Metal alloys that is to saxtunes of metals can
only be obtained by mixing them after they have been méited

These properties suggest a classification of systems baskue® categories: gas-
like, liquid-like or solid-like systems. Gas-like systemre miscible and have weak
interaction; liquid-like systems are partially miscibledshave medium interactions;
solid-like systems are not miscible and have strong intenas.

How can this criterion be used to roughly estimate the stren§the interactions
that hold systems together? Here are some illustrations.

e It is well known that when two galaxies collide the stars ofagg A drift
through galaxyB without being much affected. Thus galaxies are gas-likéesys.
Groups of bacterias also seem to be gas-like systems; fianices many groups are
knows to coexist in the intestinal tract. This suggests tivatinteractions between

25However atoms can drift from one site to another.
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Table 3.1 Classification of physical, social, biological sgems based on interaction strength

Interaction System Does a binary collision Homeostatic

strength result in mixing regulation
1 weak gas mixing no
interaction galaxy mixing no
cluster of galaxies mixing no
prokaryotic community ? ?
° nomads in vast plain mixing no
1 strong liquid yes/no no
interaction solar system yes/no no
solid no no
° group of farmers no no
o group with same language no no
° corporation yes/no yes
o state no yes
Several strong star no ?
interactions  bacteria no yes
swarm of bees no yes
nest of ants no yes
animal no yes

Notes:

e Homeostatic regulation refers to the capacity of maintejmmionstant internal conditions (temperature, conceatrat
in calcium and other minerals) despite changing externadlitimns. At this point it is not clear whether stars have tha
capacity or not.

e As interactions become stronger systems acquire gredtesmm which results in two opposed trends: (i) systems
loose their ability to mix one with another. (ii) systems bee more regulated with respect to external perturbations.

e Blue dots signal social systems.

e The yes/no indication for liquids means that some liquiésmaiscible while other are not depending on the compat-
ibility of their respective interactions. Similarly, thesg/no indication for corporations means that a merger (grdu)
between two corporations may or may not succeed in creatirggveentity which is commercially successful; the case of
Daimler-Chrysler which eventually ended in a break-up {@0lustrates a failed merger.

e [For two groups of people speaking different languages, ersrdo not result in stable mixtures. However the
transient state can last several centuries as shown by kheization of the Gaul by the Romans or the colonization of
India by Britain. In some cases, as for the Hispanic coldioneof South America the language of the colonizer gains
widespread acceptance.

bacteria (whether of same species or not) are rather weak.

e At the other end of the spectrum animals are clearly sokd-8ystems: the
cells which compose two animals do not mix. This suggeststtiee are strong
interactions between such cells. Similarly, to our bestWadge there is no evidence
suggesting that nets of ants or swarms of bees can mix.

e As an intermediate case one can mention industrial compai#hereas there
are indeed mergers between corporations, it is well-kntvahguch mergers are not
always successful. After a while the two companies may s¢pagain. An example
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of such a short-lived merger was the one between the Ameaigeomaker Chrysler
and the German company Daimler which lasted only 9 years 888 to 2007.
Even when not resulting in a divorce, mergers often remairerfarmal than real in
the sense that at the grass-root level of agents and evewaldyng methods each
company keeps its own traditions, a situation which resemttie partial mixing of
two liquids.

The previous criterion provides a way for estimating intéican strength which may
be useful in reading Table 3.1 which lists a variety of systenm addition to the

mixing criterion (which in the table is labeled as the effetta binary collision)

the table also indicates a property labeled “Homeostagaladion”. Homeostasis
Is the ability of an organism to maintain its internal coratis in spite of changing
external conditions. It is a capability of self-regulatidfot surprisingly, we see that
the stronger the interaction, the better the system cantamaiits internal conditions.

We now come to an important observation namely the fact beptocesses which
occurred in the course of evolution on the Earth show a trewditd greater interac-
tion and complexity.

Trend toward ever greater interaction and complexity

Fig. 3.2 shows several processes which brought about giesteaction and com-
plexity in physical systems.

Fig. 3.3 summarizes complexificatidprocesses in biological and social systems.

e Thefirstis the process which led from a collection of macrl@males to viruses,
bacteria and cells that is to say highly complicated systeonsaining hundreds of
different kinds of proteins. This process led from gas-Bkstems to solid-like sys-
tems.

e The second process led from bacteria first to primitive roeltillar organisn®
and then to more complex organisms such as insects, treagwmala. which contain
several hundred different kinds of cells. This process ftedhfgas-like systems to
solid-like systems.

e Then there is the process which led from loose communitieb as flocks of
birds flying together to societies of ants or human socigash societies rely on
division of labor that is to say different tasks are carried by various kinds of
agents. This process led from gas-like systems to liqleldystems.

26The term “complexification” is not common in English. It isaashere with the meaning with which it was introduced
by Pierre Teilhard de Chardin (1965), namely an evolutipmaocess which leads to structures and organisms of ever
increasing complexity.

271t can be observed that the first bacteria appeared on eailliod ears ago while the first multicellular organisms
(at least for those for which there is fossil evidence, suechmonges) appeared 1 billion years ago. Thus, the step from
single cells to multicellular organisms took 2 billion ysar
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Atoms of increasing complexity (up to iron)

~® (o Heat
electrostatic repulsive force
nuclear attractive force
(becomes very strong at short distance)

Molecules of increasing complexity
Covalent bond H—H

A: Anti-symmetric
S: Symmetric

H+H — H-H + 530 KJ/mole

H-H+H-H+O-O — H+H+H+H+0+O0
— H-O-H + H-O-H + 280 kJ/mole

(first step shows role of activation energy)

lonic bond

Potantial enengy U

All these bonds are
mostly attractive

and give the possibility
of forming molecules of great size and complexity.

Populations of molecules are held together by attractive Van der Waals forces

Long-range VdW forces are attractive which allows large populations of molecules
Short-range VdW forces are repulsive which preserves the identity of individual molecules

Fig. 3.2 Complexification processes for physical entities.

e The upper panel refers to the production of heavy atoms ia.stdere is an electrostatic repulsive force
between protons which can only be surmounted when they atgbt closely together within the range of the
nuclear force.

e The middle panel refers to the complexification process deoutar level. It begins with the formation
of small molecules and eventually leads to the formation igf rholecules such as the macromolecules
which form proteins. The figure gives three examples (i) Tdren&tion of a molecule of hydrogen (top left);
the graph shows the anti-symmetric and symmetric compen&nthe potential between the two atoms as
predicted by quantum mechanics. (ii) The formation of a watelecule. It is because the bond between the
hydrogen atoms must first be broken (which requires an enepgy provided for instance by a spark) that the
mixing of hydrogen and water does not spontaneously leadet@roduction of water in spite of the fact that
water represents a lower state of energy. (iii) In ionic 8ohs or crystals (such as NaCl) the ions (i.e. Na+
and Cl-) are held together by the electrostatic force.

e The third panel briefly explains how molecules are held togretvhen they form gases, liquids or solids.

e The increase in the complexity of the devices manufactugethénkind is a
result of division of labor. Whereas a sword can be produgeal single blacksmith,
it requires the collaboration of many different specialist built a rocket.

An interesting question would be to understand why only fpecges have developed
into large social systems. It is true that all living enstigave rudimentary forms of
social groups the most common of which is the male-femalecatson. But only

few species have developed permanent societies such asthad can be observed
In societies of ants, bees or humans. As a rough order of ramnone can say that
only about 0.1% of the species of insects are living in casraf more than 1,000
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COMPLEXIFICATION

* Systems of molecules of ever increasing complexity

Protobionts

(micro—dropplets containing
clusters of macromolecules)

Cells, bacteria, ...

% Communities of cells of ever increasing complexity

Systems of cells
in birds, mammals, ...

Communities
of bacteria

% Man made devices of ever increasing complexity

Long March 1IB
rocket carrying
China’s second
manned space—
craft on Oct 12,

2005. m

Societies of ants, bees
a0y or humans

gass

Flocks of birds

! Whereas for complexification in the physical world we can predict which forn
are stable (or unstable) here we cannot.

Fig. 3.3 Complexification processes for living entitiesThe figure lists several complexification processes
which occurred on earth in the evolution of living systemgstRhe aggregation of big molecules lead to the
formation of micro-organisms such as bacteria and cellenTthe aggregation of cells lead to the formation
of living entities such a plants, insects, mammals or bifde association of individuals lead to the formation
of societies for some species of insects and for some spetimammals. In the course of the evolution of
mankind technical progress led to the production of devides/er greater complexity (from prehistoric tools

to swords to rockets).

individuals. The proportion is about the same for speciemammalg®. If the

28The details of these calculations are as follows (as we dyamterested in obtaining orders of magnitude, we can use
approximate figures). There are about 1 million known speofénsects, but it is estimated that the total number could
be of the order of 2 to 5 million. As a rough estimate we take Bioni. Social insects are confined to 4 groups: ants,
termites, bees and ants. There are between 4,000 and 1@@€iesof ants; although all of them are said to be social,
many live in small colonies. Roughly we estimate the numiiehase which live in colonies of more than 1,000 to be
around 1,000. Termites are also social insects; there ane 4g000 species and almost all are said to live in colonies of
at least a few hundred individuals. As an estimate we takatin@er of those living in colonies of more than 1,000 to be
around 3,000. Not all bees are social. The main group of Ingeg In big colonies is the group of the so-called Stingless
bees which has 500 species. We also assume (somewhatréyhis@me 500 species of wasps living in colonies of more
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threshold is reduced from 1,000 to 100 the proportion woeldtsame order. How
can one explain that only 1 species out of 1,000 has been alalevelop sizable
colonies? Do these species share some common feature whitdh explain this

ability or was the development of sizable colonies a faialgdom process?

At this point we can make an observation about the “no freeltihypothesis which
IS a common assumption in finance.

Is there really no free lunch?

The contention that “there is no free lunch” means that onstmpay for everything.
This assumption may perhaps be correct in finance but in agemay it is certainly
wrong. Consider two planets such as the Earth and VenuseHreslosed systems
except for the radiation that they receive from the Sun amdnbteorites which fall
on them. In terms of solar radiation Venus has certainlyivedea larger share than
the Earth and in terms of meteorites probably the same. Yedf @difference! The
Earth has produced thousands of living species, Venus lwakiped none. What
explains this difference? On the Earth there were procdssedving increasing
interactions, not on Venus.

You may think that this example is very far away from financeosnomics. Yet, |
think the same process is at work. Consider two compatiiasd B which receive
the same inputs in terms of capital and working time but witheing able to create
a variety of new successful products whiledoes not create anything. | suppose
you can guess what distinguishdsand B. It is the strength and variety of the
interactions among the personifel The important point is that the company does
not have to pay for these interactions. It must just proval®fable conditions for
their development, just as the favorable conditions whidkted on the Earth were
able to start the evolution which led to forms of life with reasing interaction and
complexity.

In all the processes that we have considered there are imflacharacteristics which
grow hand in hand: interaction strength on the one hand aretgiiication on the
other hand. Diversification without increased interactiuld bring about disinte-
gration somehow as what occurred in Yugoslavia in the 19@@seased interaction
without diversification would create organisms all builttbe same model.

than 1,000. Thus the proportion of social insects is:
(1000 + 3000 + 500 + 500) /5000000 = 0.1%

Among the 5,400 species of mammals, there are only a fewespediich live in colonies of more than 1,000 (humans
plus a few species of social prairie dogs). Thus the propodf social species is of the order of 0.1%.

2Which includes (i) friendly interactions between emplay€i®) positive interactions between executives (i) con-
structive interactions between executives and employees.
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Earth ‘ No living species

Millions of living species

Fig. 3.4 Isthere really no free lunch?The figure shows the Earth and Venus. The two planets haviedce
the same exogenous inputs and their initial states weilg &milar. Yet, the results are very different because
on the Earth, in contrast to Venus, several interactiongsees occurred which resulted in complexification,
diversification and the production of a great variety ofrliyispecies.

Similarly for companies, the difference between those e creative and those which are not does not
depend primarily on the level of salaries but rather on thength of interaction between employees and an
overall atmosphere that is congenial to innovation. Thedsed assumption that there is no free lunch (which
is accepted as an axiom in finance) rests on a conception thvirtiteraction between employees is discarded
as being of little importance and significance.

This leads to a key-question: how can one predict the styabilinew systems?

Stability of new systems

Because physics is a much more advanced science than ggci{oloeven biology)
one should first ask: can we predict the stability of physsyatems? The answer is
yes. Itis possible to compute the life-time of moleculesuxlai.

For instance, the life-time of a diproton, that is to say alews containing two
protons is very short, but if a neutron is added the nuclegsroes stable. It is a
stable isotope of helium.

Such predictions can be made thanks to quantum mechanitiselyunay not neces-
sarily have an intuitive interpretation. For instance ia obvious why the addition
of a neutron to the diproton nucleus makes it more stable. édewthere are some
stability effects which have a fairly simple interpretatid-or instance, it can be pre-
dicted by an intuitive argument that the stability of verg buclei is smaller than the
stability of smaller ones. The argument goes as follows. Wakthat nucleons are
held together by the nuclear force, a force which has a veoyt sange. If the dis-
tance between two protons is larger than this range, th&estatic repulsion will be
predominant. Clearly the average distance between pratoreases with the radius
of the kernel. Thus, there will be a size above which the rardleraction will no
longer be able to ensure the stability of the kernel. Thisdeed was is observed.
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What exactly does it mean when we say that we understand the
complexification process at physical level?

1) We can predict that nuclei with, say, 500 protons and 500 neutrons will
not be stable.

2) We can predict which atoms are stable and estimate the lifetime of those
which are unstable

o [ [ ) 000 ® proton @ neutron  (life time)
stable stable unstable (12 years)
hydrogen deuterium  tritium
o0 000 o0 0000
88 oo 4
unstable stable stable unstable unstable
(10°%%) (10 %%) (0.85)

However, the reasoning is not necessarily straightforward;
for instance why is the diproton not stable? —> Pauli exclusion principle

3) We can predict which molecules are stable; for instance we can predict
that dihydrogen H is stable whereas trihydrogerg] H is not

A major benefit of a system-theory view is to suggest new questions, e.g.:
1) Which ones of the following groups are "stable"?

®
o0 000 000 o.‘.‘ *’ ® woman @ man

2) Only few mammals have developed large (>1,000) social groups. Why?

Fig. 3.5 Stability of physical versus social entitiesFor physical systems we know how to predict the sta-
bility of new systems. For systems composed of living eggitive are unable to make similar predictions. To
get a better understanding of social systems the first reqeint seems to be a methodology for measuring the
stability of simple social systems. This will be the topictioé next lecture.

There are about 100 stable elements; bigger nuclei contamore than 100 protons
are mostly unstable.

A similar question is considered at the bottom of the figureesBnt-day societies
are based on monogamous families, that is to say composedusitend and wife.
However, polygamy (one husband has several wives) is asteptMuslim soci-
eties. The opposite situation, namely polyandry, that isap when one wife has
several husbands, seems to have been a very rare histaracatence. It would be
interesting to understand why.

From the perspective of systems science a natural questtorestimate the relative
stability of these different configurations. You may arguoat this depends upon the
social environment. Indeed, if in a society based on polygtra number of women
tends to decline this will probably result in a decrease ariamber of wives per
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husbands. May be if the number of women becomes smaller ieamuimber of men
will the society switch to polyandry. Has such an evolutierrebeen observed? |
must confess that | do not know. But, as you can see, lookisgasl systems from
the perspective of systems science brings about quite extgbquestions!

In the next lecture we will consider what is probably the melallenge faced by
systems science, namely how to measure the strength of sueractions.
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Lecture given at Beijing Normal University, Department g§t8ms Science, on 22
October 2008, 14:00.

| welcome you all to this fourth lecture in systems scienae.alsense this is the
most important of the four lectures that | have given so fathk first three lectures
| have put forward some guiding principles. For instancethim previous lecture
| have shown that in the course of evolution there was a daeabttoward greater
interaction and simultaneously toward greater diverduyt if we want to express
such ideas not only in a general way but in a precise and gaeiorm we must be

able to quantify interaction strengths. This is a major iemaje.

In physics and chemistry it took more than a century to ansueh questions for
inter-atomic and inter-molecular interactions. Ecologyanother field in which
much work has been done with respect to the measure of ititaradt is natural

to take advantage of what has been done in these fields. Inwtrds, it makes
sense to try to transpose some of these methods to the stelatss.

In which units should social interactions be expressed?

Before we explain measurement methods there is a fundahvpréation that we
must address. How should social interactions be definedardraore importantly,
how should they be expressed. By this question | mean tHadwh we have an
intuitive understanding of social interaction we do not wnleow to express it in
numbers. So, let us first examine the answers that physice@sidgy provide in
their respective fields.

e In physics, the strength of an interaction is expressed astiergy that it
takes to break it, e.g. the bond energy of the O-H interaaticam water molecule
Is 460 kd/mole. The experiment can for instance be done legtilng X-rays toward
molecules of water and by measuring how much energy it takésdak a certain
number of bonds. The very fact that the result of the experinssexpressed in kilo-
Joule per mole shows that it supposes an understandinglotlimnotion of energy
(to which refers the definition of the “Joule”) and the condion of matter (to which
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the notion of “mole” makes reference).

In a general way for physical interactions there is a conoetietween bond strength
and bond length: the smaller the bond length, the strongebémd. This is illus-
trated in the following table by comparing interactionsvibetn molecules, atoms
and nucleons:

Table 4.1 Relationship between interaction strength and legth of bond

Interaction between: Molecules Atoms Nucleons
H,O-HO O-H proton-proton
in water in HO in carbon nucleus

Bond energy 16 460 8 x 10°
(kJ/mole)
Bond length 300 100 0.001

(picometer= 10~2m)

Thus, one can estimate the order of magnitude of the stresfgih interaction by
the distance between the units under consideration. Sgtdndies can be measured
by various methods for instance diffraction of X-rays or (mar less energetic)
neutrons. Note that this relationship provides only rougtn@ates because if one
looks at these interactions more closely they also depend apnumber of other
factors, e.g. the size of the molecules or the electronatyatif atoms.

e In ecology field research shows (see the textbook entitledltigy: principles
and applications” by J.L. Chapman and M.J. Reiss p. 139)ftivainstance the
energy flow between herbivores and carnivores in Silverriggrriver in Florida is
on average 17 kJ per square meter and per day.

Are these two notions of interaction identical or equivéPerProbably not. First,
they do not refer to interaction in the same framework. Ingitg/ The figure of 460
kJ/mole mentioned above tells us that if we allow the two atdocome together,
the process will releas&0/N 4 kJ (whereN 4 is the Avogadro number). In contrast,
the number of 17 kJ does not refer to a spatial dependence lautiine rate. |If

| bring a bird, for instance a sparrow, in contact with worre sparrow will eat
a given quantity every day. Another difference is that thesion cannot account
for an interaction which does not correspond to a sizablswmption such as the
interaction between bees and flowers (pollen is carried fraate flowers to female
flowers).

The analog of the physical notion would be rather how muchiggnie takes for the
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sparrow to find the worms (or for the bee to find the flowers) ene@hat equiva-
lently how much energy it would take for keeping the sparraayafrom the worms.
If the worms are their only source of food the sparrows wittamly spend a great
amount of energy for finding them, whereas if they have otbarees of food they
will develop less energy to finding worms. | must confess #idhis point | do not
see how this energy should be measured. For instance, iptreosvs are put in a
cage that will of course prevent them from finding worms buhwsuch a procedure
how can we measure the energy spent by the sparrows in tryiegcape from the
cage? If we could measure it this notion of interaction epevguld be closer to
the notion used in physics. Unfortunately, it does not sdehthis energy has been
guantified by researchers in ecology or ethology.

Similarly in the field of social interaction, one can imagthe case of a mother who
has been separated from her children; she will certainlp®@emuch efforts to be
again reunited with them. In contrast, if you have lost tHegieone number of a
vague acquaintance you will certainly not spend much efforttrying to recover

it. In short, the efforts consented to restore a broken lirdiiole a reasonable ap-
proximation of the strength of interaction. Unfortunatdlye social data currently
at our disposal do not allow us to estimate this energy. Tshy we have to use
substitutes. What substitutes can be used?

One possible substitute is to see how the separation affextge of the living unit
under consideration, more specifically by what amount \wél $eparation reduce its
life expectancy. If the link was crucial to the living units iseverance will drastically
reduce its life expectancy. Thus, if the worms were the onlyrse of food of the
sparrows, the severance of this link will lead to their deaithin a few days. On
the contrary, if the sparrows have many other sources of, finedr life will be little
affected. In short, the reduction in life expectancy shqurlvide a rough estimate
of the strength of the link, as defined in physics. If the ndrifi@expectancy isL
and the reduced life expectancylighe ratio(L — )/ L will provide an estimate of
the interaction strength.

This method is schematized in Fig. 4.1. It shows three caskesoken links. In all
three cases the starting point is a situation in which oneetspthat the living unit
has strong links with its neighbors; the links are then ss¥day isolating one unit.
If the life expectancy of the isolated unit is substantiadguced this will confirm
that the initial link was indeed strong. The more the life @xjancy is reduced, the
stronger the link.

But before discussing such cases more closely | would likednotion a few systems
in which estimates of interaction strength are availabldfierent forms.
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Method 1: Severance of all ties

Principle: By taking a single unit away from the system
to which it belongs one can observe what is the effect
on this unit. If it was loosely connected to its neighbors
it will be only little affected. On the contrary, if it was
strongly connected, it will be seriously affected.

This method is similar to estimating the interaction strength
in physics, e.g. through the energy of ionization of elecrons or
the evaporation energy of the molecules of a liquid.

single ant

@ \ How long will
cingle cell &1 — it survive?

Grasse, Chauvin (1944)

\‘ How long will
& — it survive?

Raff (1992, 1994)

Husband]| single (widowed, divorced) How long will
& wife o ™ he (she) survive?

Fig.4. Afirst proposal for measuring the interaction strengh in biological and social systems.

Characterizations of interactions that are commonly used

Integration of immigrants

The first case is the interaction between a group of immigrantd the rest of the
population. This situation is very similar to the mixing @fd liquids in physics and
it was already mentioned in this connection during prevtailks. Can the percentage
of mixed marriages be used as an indicator of the interatigween the group of
immigrants and the rest of the population? Here are someesgor the percentage
of people who married outside their groups in the United &Stathey are based
on data about married couples from the census of 2000 (USANYOIH February
2007).

In fact, as we will see now, in their present form these date htle significance as
far as the strength of interaction is concerned. An indicatif what is wrong can be
gained by comparing the data for Whites and American Indiahg is there such a
big difference? The figure for Whites is low for the simplesea that White people
represent the majority which means that in their daily lfeyt will mostly meet other
White people and it is not surprising therefore that theyrgnarostly White people.
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Table 4.1 Percentage of people who married outside their gups.

1) Foreign-born 2) US born
(i.e.after second generation)
Asians 27% Asian-Americans 55%
Hispanics 8%  Hispanic-Americans 31%
Africans 16% African-Americans 10%
American Indians 66% American Indians 58%
Whites 8%  Whites 4%

On the contrary, an immigrant which is alone of his (her) groua given place will
either not get married or marry somebody out of his (her) grda short, the size
of the group plays a key-role. This, by the way, explains winy percentage for
African-Americans is also low: the main reason is that thia large group. Itis also
for this reason that the percentage for foreign born Asisus® imuch larger than the
percentage of foreign-born Hispanics which is a much laggeup.

Thus, in their present form these data cannot be used toagstiime interaction un-
less we are able to eliminate the size effect. | will not pardus discussion further,
| just wanted to convince you that great care must be exertiséore drawing con-
clusions from such data.

An interesting attempt at using data about mixed marriagethe measurement of
social interactions was made by Yuji Aruka aridgken Minkes (2006). This kind of
methods was subsequently extended in a book edited by YukaA\{2011).

Economic interaction through international trade

The second case is the economic interaction between twdrgeginLet us assume
that there will be a recession in the United States in 200&, ithto say a fall in
GDP (Gross Domestic Product) during two successive quantbich is the official
American definition of a recession. As a result, imports f@nmna will decrease and
this will in turn affect the GDP growth of China. By how muchhig is a typical
interaction problem.

In principle it seems easy to solve. One can be tempted to thaki®llowing argu-
ment.

We know that exports represent about 30% of the Chinese GDORhah exports to
the United States represent about 20% of all Chinese expblniss, exports to the
US represens0% x 20% = 6% of the Chinese GD®. In other words, fo$10 of
exports to the US, the Chinese GDRis= 10/0.06 = $167 consisting ofB = $157

30This reasoning is not really correct, see Appendix A.
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for activity not connected to the US ai] = $10 of exports to the US. Now we will
assume that in 2008 grows by 10% and thak’; decreases by 15%. Why did we
choose this value for the fall in exports to the United States

In recent years there were recessions in the United Stat#seifollowing years
(within parenthesis we give the variation of GDP and of theants of goods, the
data are from the Bureau of Economic Analysis):

1974 (-0.5%, -2.8%), 1975 (-0.2%, -13%), 1980 (-0.2%, -6,6%982 (-1.9%, -
2.5%), 1991 (-0.2%, -0.1%), 2001 (+0.8%, -3.2%).

These data show two things: (i) that there was hardly anyecion between the fall
in GDP and the fall in imports. (ii) they also show that theHggt drop in imports
was 13%. Thus our assumption of a fall of 15% in US importsesents a worst
case scenario.

Under such assumptions the 2009 GDP of China would be:
(B+10%B) + (E1 — 15%E,) = (1574 16) + (10 — 1.5) = 181.5

which represents a growth rate Qf81.5 — 167)/167 = 8.7% instead of 10% in
the previous year. This decrease is so small that it canyhhaadtlistinguished from
fluctuations of GDP due to various domestic factors.

But you may say: “This crisis is a worldwide crisis”. So letassume thadll exports
will be reduced by 15%. What will be the effect on the GDP ofi@@# By repeating
the same calculation, one obtains a 2009 growth rate of 2.Aithwepresents a fall
of 7.6% with respect to the 10% growth in 2008. In short, oneldexpect the 2009
growth rate in China to be somewhere between 2.4% and 8.7%0Wse, this is
a fairly broad interval which makes the prediction of littlsefulness for planning
purposes. By the way, this forecast supposes that the fakports will not be (at
least to some extent) offset by a stimulus package of the&Skigovernment. It
also ignores the indirect effect of a drop in exports, théb isay the contraction that
occurs by a contagion mechanism (the so-called Keynesidiipirar effect) in the
rest of the economy. The question is discussed in more det@appendix A.

What should we retain from this example? The trade betweerctwntriesA and
B gives a mechanical link between them. | use the term “mech#ro emphasize
that in addition there can also be other connections. Fdareg, foreign direct
investment by country in country B may also be changed by a recessiomMin
It may be reduced but it may also be increased. In this sensendt completely
“mechanical’. Why should it increase? Because investingg imay appear more
profitable than investing inl especially if the recession iA lasts several years. As
such investments result in the construction of new facsasrecommercial buildings,
they will affect the construction industry almost immedigt in addition they will
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affect the output of country8 one or two years later when the factories will begin to
operate.

Political interaction

The exchange of visits by government officials ensures digallidialog between
two countries. However, the interpretation of such dat&rms of interaction is not
as simple as it was for trade data. True, a complete lack dé\dertainly reveals a
serious rift between two countries. Thus, the fact thatewve been no exchange of
official visits between the United States and Cuba since 1@&afetween the United
States and Iran since 1979 certainly attests to a a deepedivid

Does the fact that a great number of officials fréhvisit A necessarily imply that
B will align its position on those ofA? Such a contention can only be demonstrated
by empirical studies.

Effect of broken links

We now return to the method proposed at the beginning whialists in breaking
the links and observing the effect on the life of the livingtarunder consideration
and in particular the decrease in their life expectancy.

Insects

An experiment of this kind was performed on various insegtévo French biol-
ogists. In successive observations they took away front teepective nests, 1, 2
or 10 insects, put them in conditions similar to those in testnn terms of food,
humidity and so on and watched for how long the insects wouldie.

They performed such observations for bees (Apis), two ggeai ants (Leptotho-
rax and Formica), one species of termites (Reticuliterms) @e species of wasps
(Polistes also called paper wasps).

The survival curves are shown on the graph. In order to makedimparison rele-
vant one must take into account the respective life duratfdhe insects. According
to information found on the Internet, the bees and ants hdife axpectancy of
about 40 days, the termites of 2 years and the wasps of 6 mohtiesreduction in
life expectancy of the isolated insects is 87% for the be@%, fbr the ants, 90% for
the termites, 94% for the wasps.

According to our previous argument, the larger the redudhe stronger the interac-
tions in the nest. In this respect it should be noted that Soseets (e.g. the soldiers
in a nest of termites) cannot feed themselves and therefast raly for their very
survival on the other members of the nest. For such insdstsnpossible to provide
adequate living conditions in isolation.
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Fig.4.2 Effect of removing insects from their colony.Several groups of 1, 2 and 10 insects were removed
from their nest and kept in isolation. They received plertjood and were kept in conditions which matched
as closely as possible those in the nest. The vertical sbalessthe percentage of surviving insects in each
group. The thick solid lines represent the single insebis,broken lines represent the groups of two insects
and the thick solid line represents the groups of 10 inséci$ated in 1944 by P. Grassé and R. Chauvin this
kind of experiment may provide a methodology for gaugingdinength of the interactions in the coloiypis
designates a species of belesptothoraxandFormicaare two species of antReticulitermesare termites and
Polistesare wasps. The insects in isolation received plenty of fowbvaere kept in conditions which matched
as closely as possible those in the n&iurce: Grass and Chauvin (1944).

Married people

The marital bond between married people can be broken byadwar by the death
of one of the partners. Here we will consider this secondceff€he graph shows
the ratio of the suicide rate of widowed people to the suicade of married people.
The suicide rate of widowed men is several times larger toemérried people. For
young widowers the difference is quite striking. Note thegre is a similar effect
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for death rates (instead of suicide rates); the rates aheehigr widowed people but
with smaller ratios than for suicide.

According to our previous argument one would infer from #&hdata that the link
between husband and wife is strongest in the first years ofiagarand becomes
weaker in subsequent years.

Escapes from groups

A link with a group or an organization can also be broken byatents themselves
when they decide to leave the organization. The ability obaganization to retain
its members can be considered as a estimate of its degrebesioa. Thus, divorce
rates, desertion rates, drop-out rates from school, orduen in businesses can pro-
vide estimates for the cohesion of these organizations.

Suicide can also be seen as a special form of dropout.

Before ending this brief survey of measurement methods ulaviike to draw some
conclusions from the previous examples.

Mixing of two groups

Observing the mixing (or non-mixing) of two groups often yides a quick and
easy method for estimating the level of interaction. It well us if the interaction is
gas-like, liquid-like or solid-like. More details will beigen in the next lecture.

Measuring the strength of marital bonds

Can we use statistical data about divorce rates in ordetito&e the strength of the
marital tie between husbands and wives? It can be seen #aailthe information
provided by divorce data is not sufficient. Indeed, cons@eociety! in which
the marriage rate is low; as there are few married couple® thédl be only few
divorces in proportion to the total population (which is gtandard definition of the
crude divorce rate). A more adequate indicator would be timaber of divorces
with respect to the number of married couples. Yet such aicabar would still
be fairly rough because it does not allow any insight into tWappens at different
ages. As is well known, the divorce rate is strongly depetdeon the duration
of marriage, therefore a parameter which would be able teaefhat happens at
different ages would be more significant. In what follows wi# lae able to define
such a parameter.

31Such as for instance the Scandinavian countries in theg&8@0-1990.
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Fig.4.3 Ratio of suicide rates of widowed and married peopleThe age groups are 15-24, 25-34, 35-44,
etc. in the U.S. and 25-29, 30-39, 40-49, etc. in France. Yomidlowers have a very high suicide rate, of
the order of 1,000 per 100,000. This rate is higher than tteeafamarried people but it is also higher than the
rate of unmarried people. As the number of young widowergialls the numbers of suicides in the youngest
age groups is not large; in the U.S. over 1979-1980 there auigides in the 15-24 age group and 112 in
the 25-34 age group. Consequently, these points have faigg error bars due to statistical fluctuations. The
fact that young widowers have very large suicide rates isicoad by several studies, e.g. Smith et al. (1988),
Luoma and Pearson (200Zources: U.S., suicides: Vital Statistics of the Unitedesta1979,1980, Vol. 11,
Part A, p. 323; U.S., population of age groups by maritalgsatStatistical Abstract of the United States (1981,
p. 38); France: Besnard (1997).

In this sectiod? | show how it is possible to estimate fairly accurately bdta at-

32This section was not included in the lecture given on 22 Catalbis included here because it provides an illustration
of how the previous ideas can be concretely implemented jreeific case.
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Method 2: Mixing of two populations

Principle: Systems with strong interactions and cohesion
(e.g. two cells) do not mix. On the contrary, systems with w
interactions (e.g. argon + helium) are miscible in all
proportions. Thus the degree of miscibility provides an
estimate of the interaction strength.

In social systems the degree of miscibility can be estimated
for instance, by the percentage of mixed marriages.

AR E] — [ e B,

The new red/blue interaction is larger than the loss of interaction in each species

A E] - e e,

\
The new red/blue interaction is smaller than the loss of interaction in each specie

Fig.4.4 A second proposal for measuring the interaction sength in biological and social systems.

Method 3: Escape rates

Principle: Intuitively, it is natural to estimate the cohesion

of an organization through its ability to retain its members.
Thus, the drop—out rate in a school, the desertion rate in an

army, the turn—over in a company, the immigration rate in a
country provide estimates of the cohesion of these organizatior

The motivation for this approach is strengthened by the fact that

in physics it can be verified quantitatively that there is a high
correlation between interaction strength in a liquid and the
pressure of saturated vapor (that is to say the probability of escape

of individual molecules) above the liquid.

Fig.4.5 A third proposal for measuring the interaction strength in biological and social systems.
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tractiveness of marriage (considered as a specific soatd)sand the strength of
the marital bond by using a systems theory approach whigasreh many ideas
borrowed from our understanding of the kinetics of chemieattions.

At the end of the section it will be seen that the same line aboaing can also
be used to characterize other forms of associations, ftanos the association be-
tween people and nations (citizenship), between peopleagahizations (members
of associations or clubs), or between people and firms (grepkof companies or
corporations).

Formation of married couples
The formation of married couples can be seen as a reactidre dbtm:

Male + Female —— Married couple (4.1)

where the arrow to the right corresponds to marriage and riosvao the left to
divorce and separatidh The previous reaction is analogous to a chemical reaction

of the form:
A+B —— AB

In chemistry there are many important reactions which at@isftype, for instance
the reaction between hydrogen and iodine

Hy + 1o 2HI

or the Haber process reaction for the synthesis of ammorh&kws of great eco-
nomic importance)

Ns + 3H 2NH;

ldeas and concepts of chemical kinetics

Chemists have studied the dynamic of chemical reactiongaatgletail and it is
natural to take inspiration from their findings. What can ea&rh from them?

e One important idea is to consider the two reactions (forvaard backward)
separately; this leads to the introductionwb different transition constants, and

k_:
Ky

A+B AB

—

k_

33The death of one of the spouses (i.e. widowhood) resultserdibappearance due to exogenous factors (accident,
illness) of one of the persons; it is therefore a differergmpimenon than the disintegration into male + female.
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k. is the association or binding constant andthe dissociation constant. They are
defined as*:

Number of binding events per unit of time < 1 ) d[AB]
ky = = (4.2a)
: [AI[B] [AIB] /] dt
Number of dissociation events per unit of time [ 1 ) d[A]
k- = = 4.2b
[AB] <[AB] dt ( )

e How can one isolate the forward and backward reactions? The previous distinction
betweenk, andk_ would be fairly useless unless these rate constants can #e me
sured separately. Fortunately, by resorting to adequgtererental conditions these
rates can indeed be measured.

For instance, to measuke one must suppress the dissociation reaction. To this aim
one will start with a mixture of A and B molecules (without afB molecules) and
remove all AB molecules from the reaction container as saothay are formed.
Under such conditions a measurement of the number of A mi@eevhich disap-
pear will provide an estimate @&f, that is unaffected by the dissociation process.
Similarly, by starting with only AB molecules and by remogithe A molecules as
soon as they are formed one can get an estimate of the dissncetek .

How can we adapt this procedure to the study of marital links?he adds up all
marriages one will count the marriages of bachelors as wdlase of people who
are divorced or widowed and who get married for a second tiimeother words
this procedure does not isolate the forward reaction. Orctmgrary, changes in
the number of bachelors will be due only to first marriggeSimilarly, in order to
isolate the backward reaction one should focus on (firsgrdas and separations.

e Intermediate stages In chemistry it is often useful to consider intermediatgste
thus the previous reaction can be decomposed into:

ke K
A+B (AB) AB
ke kY

In the context of chemistry (AB) may designate a collisiotwsen A and B which
may (or may not) eventually lead to AB. The collisions whicldeed lead to AB
are calledeffective collisionsthus, the reaction rate may be defined as the number

34The main role oft, , k_ is to serve as coefficients in the differential equationsolwiyovern the concentration per
unit of volume [A], [B] and [AB]. The definitions which followderive from these equations (see below the equations
(4.7a) and (4.8a).

3%and of course to death but this effect is eliminated by thetfaat we normalize these changes by dividing them by
the size of age groups.
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of effective collisions per unit of time. In the context of mage, (AB) may be a
meeting between a man and a woman that may (or may not) elgnted to a
marriage.

From collision theory, one learns that the collision freggyecan be written in the
form:

Number of collisions per unit of time- oagnV

whereopg is the A-B cross-section, a factor which depends on the sideshape of
the molecule¥®; » is the number of molecules per unit of volunié;is the relative
velocity of the two molecules.

In contrast the transition from (AB) to AB may depend upon ensubtle aspects
such as the relative orientation of the molecules or théaraction strength.

In short, the previous decomposition separates purely arecal conditions (those
which lead to a collision) from more qualitative factors wainidefine effective col-
lisions. In the context of marriage, the frequency of maegibetween men and
women is determined by social conditions such as the avévadmcity” of people:
if everybody stays at home all the time there will be no meptipportunities what-
soever

The transformation of a meeting into a marriage will depepdruthe “compatibil-
ity” of the partners in terms of age, language, religion amds.

Thus, if a populationP of size NV is composed of two subpopulatiofisandS (both

of size N/2) who do not intermarry (e.g. for religious reasons) but meefy and
are not segregated in other aspects of life, then one shbglelree inP a marriage
rate which is one half the rate in a homogeneous (and othesingilar) population
H for the simple reason that alt — S meetings will be ineffectiv¥.

e Temperature dependencdn chemistry an important issue is how the speed of re-
actions changes when temperature is increased. The basit iethat the speed
always increases with temperature; in terms of rate cotsstns means that they
increase with temperature. From physical chemistry wenlélaat this increase is
governed by an equation which is usually called the Arrhemiguation after the
name of the Swedish chemist Svante Arrhefiughis equation shows that the tem-
perature dependence of the rate constants is determinegsitve parameter,

%In the case of two hard spheres of radiuspg = 7 (r + r)? = 4rr?.

37In practice such regularities are not easy to detect becaas#age data include a great amount of noise. For instance,
it is well known that the marriage rate in Nevada is very highqut 100 per 1,000 residents) because many people come
to Las Vegas to get married. A similar effect also exists imeotstates. Thus in 1950 there were 61,751 marriages in
Mississippi but for 61% neither the bride nor the groom wedents of Mississippi. The same observation also applies
(albeit to a smaller extent) to Georgia, Idaho, Marylandjt8c&arolina. One way to overcome this difficulty is to coesid
changes in the marital state of residents rather numbersinfages.

38Although in its empirical form the equation was first propae 1884 by the Dutch chemist Jacobus Van't Hoff.
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which is called the activation energy.

—F
rrhenius equation  In BT + (4.3)

whereA is a constant term.

It results from equation (4.3) that~ exp(—FE,/RT). The exponential dependence
of k£ can be seen qualitatively. Consider an exothermic react@macterized by a
substantial heat of reaction, i.&,, > RT'. For such a reaction when the temperature
is raised, say, 10 degrees frdfn = 298 °K to T, = 308 °K (i.e. 3.3%) k typically
may increase by ovel00%.

For instance in the Haber proce$s, ~ 100 kJ/mol (E, is always greater than the
heat of reaction which is here equal to 92 kJ/mol), the expbalechanges from
2.7 x 1078 for T} 10 10.2 x 10~ '8 for T3, a change of 270%. In contrast the average
velocity of the molecules is increased by a much smallepfazamely(73/T;)"/* =
1.03 which shows that it is not the average velocity which is tHevant variable.
The factorexp(—E,/RT) represents the proportion of the molecules which have an
energy greater thah,. WhenFE,, is substantially larger than the average engi@y

this proportion is fairly small and changes rapidly with fmmature.

Equation (4.3) is often used to estimate the activationgnerhus, whenn k£ is
plotted as a function of /T (a graph known as an Arrhenius pld) is the slope of
the descending straight lifte

So far we do not know how to define a notion of temperature fogagtion such

as (4.1). However if we could find a set of situations charastd by gradually

increasing binding constants, that would help us to idestilcial parameters which
are connected with a kind of “marriage temperature”.

Reaction equilibrium

In chemical reactions the concept of equilibrium plays a kag. Equilibrium is
reached when the forward reaction is exactly compensatéueidyackward reaction
that is to say when:

Number of binding events per unit of time: Number of dissociation events per unit of time (4.4a)
In terms of the constants. andk_ this will be expressed by the following relation:
[A][B] k.. = [AB] k_ (4.4b)

When equilibrium is reached it becomes possible to definegaililerium constant

K:
_k_+_ [AB]

k- [Al[B]

39In some cases the Arrhenius plot is not a straight line; tiéams that?, is not constant but temperature dependent.
The nature of the physical mechanism which leads to such endigmce may not be easy to determine.

(4.4c)
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Needless to say, it is quite possible that in some experaheanditions equilibrium
Is never reached; for instance if the AB molecules are reh@gsoon as formed,
there will never be an equilibrium. The relations (4.4ab@vpde a criterion (ex-
pressed in different ways) for determining whether or naiildzyium is reached.

In the case considered here binding events are marriagsgothtion events are di-
vorces + separations. Naturally these numbers must be hpetdéy the size of age
groups, otherwise the data for ages over 60 or 70 would nobbmparable with data
for younger ages. Once this normalization is done it turrisheaat condition (4.1a) is
approximately realized between the ages of 35 and 60. Urige¢h& binding events
dominate, between 35 and 60, binding events are approXynatesame number as
dissociation events, and after 60 binding events domirgdaa

The reaction equilibrium consta#t is important for at least two reasons.

e The equilibrium constant provides a combined characteozaf the attractive-
ness of marriage (large,) and of the strength of the binding provided by marriage
(smallk_).

e A formula from physical chemistry gives the behaviorfofunder temperature
changes. T AR

n

dt — RT? ((4.5)
whereT is the Kelvin temperature? = 8.31 J/ °K is the gas constant anNH is the
enthalpy change, that is to say (if the contributiahy due to volume changes can
be neglected) the heat which is released (or absorbed)gin@reaction. Thus, this
equation tells us that if the reaction is exothermic (N7 < 0) the equilibrium con-
stant will decrease with temperature, which implies thatldhckward reaction will
be favored. Such is for instance the case in the Haber prodd$s= —92 kJ/mol).
The Van't Hoff equation provides a quantitative statemdrihe Le Chatelier prin-
ciple according to which the reaction is shifted in a way whiends to diminish
the changing factor. Thus, when temperature is increas#teiflaber process, the
reverse (endothermic) reaction is favored which tends toedese the temperature.

Van't Hoff equation:

Application to marriages in the United States

This section illustrates the notions introduced previposl a real example. The case
of the United States has been chosen because detailed cetawme available on
line.

First we show how the rate constarts andk_ can be determined. The reaction:
A+B — AB is a second order reaction. Such areaction is governeadiptiowing
differential equation:

d[AB] d[A] d[B]

o= = o = ki [A][B] (4.7a)
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If we assume that initially [A] = [B], this equality will hold at all times because
[A] and [B] are governed by the same differential equatiorhud the differential
equation simplifies

dx
o=kt r=[A
By integrating this differential equation one obtains:
1 1
_ = — = k+t
T X
or after rearrangement: A
Alo
Al(t) = ——— 4.7b
M) = T A (4.70)

Fig. 4.6 shows that this equation describes reasonablytiwelinarriage of single
males (naturally there is a similar result for females). @& ¢ontrary, if we try to
describe this process as a first order equation which is geddoy an exponential
decay itis not possible to find a rate constant which dessab@ages (thin blue solid
line in Fig. 4.6).

The fact that the data points are above the theoretical afteethe age of 50 sug-
gests that the rate constant in fact decreases for persen5@vThis can indeed be
confirmed by plotting the rate constant as a function of age (Fig. 4.8).

The reverse reaction AB— A + B is a first order reaction because only one AB
molecule is needed to bring about the reaction. For suchciioeahe concentration

Is ruled by the equation:
d[A]
— =k_[A 4.8
=k [A] (4.82)
whose solution is:

[A] () = [Al g exp(—k_1) (4.8b)

Fig. 4.7 shows that this equation describes reasonablytiellissociation process.
Actually the constant_ is so small that (4.9) coincides with a solution of the form
defined by (4.7). Indeed, it can readily be seen that the twwessions become
identical when developed to first order#nt.

The fact that the data points are above the theoretical @aiteethe age of 50 reveals
that the rate constant is smaller for persons over 50. Thisnckeed be confirmed by
plotting the number of first marriages per single male anglsifemale as a function
of age (Fig. 4.8). Similarly, the fact that in Fig. 4.7 theaabints are above the

40The condition [A}, = [B], is approximately verified in the case of males and femaleshdhi this condition one
must define a variable = [A], — [A] = [B], — [B] and in term ofx the differential equation becomes:

X — ks (AL o) (Bl — )

The solution has a slightly more complicated form.
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Fig.4.6 Interpretation of (first) marriages as a second ordereaction. The black dots give for each age
group the proportion of bachelors with respect to the tavalypation of the male age group; in the parallel with
the reaction M+F— MF, this is the variable denoted ag M. The solid line shows the evolution in the course
of time of M(¢) whenk,. is supposed constant. The lower line (in blue) shows an e decrease for the
purpose of comparison.
It should be noted that the exponential fit can be much imgrdwee assume that a proportion of the bachelors
will never marry. This would correspond to a function: of fbem [A] (¢) = exp(—kt) + C; however it is not
obvious how this kernel of non-marriageable bachelors eaddfined in an objective way. I'm most grateful
to my colleague Didier Sornette for bringing this point to atiention.
The data come from a table for 1950 giving the distributionhef population by age groups of single years of
age. In principle, rather than using a population pyramie sfmould follow a single cohort in the course of time.
However, the age-group procedure has the advantage of sienpder to implement. Of course, it remains to
show that the two procedures are indeed equival®atirce: Census 1950, Volume 1V, Part Il, Section 6, Special
Reports: Family, p. 2D-41

theoretical curve over the age of 50 suggests that the datsotrate is smaller for
persons over 50.

Next it can be checked that the equilibrium conditions (3 &t (4.4c) are fulfilled
between the ages of 35 and 60. This equilibrium propertyidesvan additional
argument in favor of a parallel with a chemical reaction.

Other social phenomena which can be described as reactions
Marriages are not the only social phenomenon which can berided as chemical
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Fig.4.7 Interpretation of dissociation (divorces and sepations) as a first order reaction. The black
dots give for each age group the proportion of the males widaligorced or separated with respect to the total
population of the male age group. The solid line shows théuéwea in the course of time of the number of
MF “molecules” under a reaction of the form: M M+F, where MF represents a married couple. It can be
noted that if the same graph is drawn for African-Americaopbe, it is found that_ is substantially smaller;
this comes especially from a higher percentage of sepagafibis about 10% of the age group at the age of
40 as compared to 3% for the whole populati®uource: Census 1950, Volume 1V, Part Il, Section 6, Special
Reports: Family, p. 2D-41

reactions.

As a specific example we can consider a university in whichrahestra is created
which will be open to staff members who are able to play mudibe transition
through which a person becomes a member of the orchestraecdadoribed as a

reaction of the form: "
1

A

ko
wherek; denotes a rate constant which describes the action of gpthim orchestra
and k, the action of leaving the orchestra. If the process starts Wi = 0 the
membership will increase and at the same time the pool ofciams who are not
members will shrink. After a whileB will become greater thaml but the flow
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Fig.4.8 \Variation with respect to age of the rate constant fofirst marriages. The black dots give for
each age group the rate constant for the reaction: M+F MF whose expression isky = (Number of
first marriages)/[(Number of single males)(Number of snfgmales)]. After the age of of 3@, decreases
rapidly. The present graph explains the discrepanciesdestwhe theoretical curve and the data in Fig. 4.6. It
can be noted that the order of magnitudetafhas little significance because it depends upon the sizesof th
population: when the population is multiplied by 28, is divided by 10.Sources: Census 1950, Volume 1V,
Part Il, Section 6, Special Reports: Family, p. 2D-51; Vihtistics of the United States 1953, Part 1, Table 3,
p. 51.

N

of people who leave the orchestra will grow simultaneousiiil @an equilibrium is
reached. The equilibrium state will tells us something ablo@ attractiveness of the
orchestra and the strength of the links which hold its mesbmgether.

e ki > ko means that the orchestra attracts many people and devélopg Bnks
between them.

e ki < ko means that the orchestra has a low potential of attractidrdawelops
only weak links between its members.

e k1 ~ ky means that the orchestra has a good potential of attractibis Imot
able to develop the strong links that would enable it to reitaimembers.

This discussion shows that the strength of the links withendrchestra are described
by the constank,. This is true here because the state A (i.e. not belongingeo t
orchestra) is a kind of neutral state. If state A has a speaifractiveness in its
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own way (for instance if the persons who do not belong to tlohestra can attend
theater representations on the evenings on which the drahess its rehearsals)
then ky, would reflect a balance between the attractiveness of tHest@a and the
attractiveness of the alternative activity. In such a daseould not simply reflect

the interaction between orchestra members but rather tim@etition between the
two activities.

For the sake of simplicity, let us assume that the state Adsed neutral so that
the interactions between orchestra members are indeedde¢el byk,; then the
main issue is: how can we estimaig? In the case of marriages we were able to
estimatek_ from the number of dissociations (divorces and separgtiansilarly

ko can be estimated from the rate at which people leave the strehleecause this
rate is governed only by the constant

Number of people who leave B(0) exp(—kst)

ko is what we called earlier a dropout rate; we already pointgdiat dropout rates
can be seen as providing estimates for the interactiongttr@vithin an organization.
In contrast,A and B are ruled by equatioiswhich containboth k£, and,; thus if
we know only the size of the orchestra in the course of timee (&(¢)) it is much
more difficult to determiné:.

Conclusions

The most striking fact in the previous survey is the lack cbamon framework. We
have estimated the strength of interaction through themelof trade, or through
the decrease in the life expectancy of agents who are seddram their respective
organizations, or through dropout or desertion rates. ilhaher cases we used
inter-marriage rates to estimate the affinity between tvaugs. The variety of these
indicators is in sharp contrast with the unified framewor&dig physics. It is clear
that in order to make comparisons it would be useful to alse baunified framework
in the social sciences.

Yet, it must also be realized that different indicators maybcessary for interactions
of very different strength. For instance, teenagers whp dnd of school probably
do not have death or suicide rates substantially higher tth@se who do not drop-
out. In short, escape rates seem to be a more sensitive tmidiban decreases in
life expectancy. Unfortunately, few data are availablesfecape rates and those who

“Namely:
A(t) = (Ap — Ae) exp|— (k1 + ko)t] + A

B(f) = (Bo — B(j) eXp[—(k?l + k?g)t] + Be
whereA,, By denote the initial populations antl., B. the populations at equilibrium.
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are available may not necessarily be reliable (e.g. in timgas desertion data are
subject to censorship)

What makes interaction strength data important in physitisd fact that they explain
not only one butnanydifferent physical phenomena, e.g. boiling temperatueat h
of vaporization, pressure of vapor above a liquid, visgosiic. In the social sciences
can we also think ofariousvariables and phenomena which may be explained by
interaction strength? Apart from reductions in life exjpecly due to a separation and
dropout rates that we already mentioned, there are othamdath may possibly be
explained in terms of interaction strength; one can mention

e The ability of a group to mix with another group

e The ability of a group to withstand external shocks withasihg its cohesion.

It is by bringing all such data together that one will be abl@tove the key-role of
interaction strengths.

Appendix A: Further discussion of economic interaction

This Appendix provides precisions on three points:

(i) Firstly, | come back to the calculation proposed earfiggrthe impact of changes
in exports. | point out that in its principle it is not reallgizect even though the more
rigorous argument is difficult to implement due to a lack of@quilate data.

(i) Secondly, | briefly discuss how our prediction is chadgehen one includes
indirect effects and government intervention in the fornastimulation package.
(i) Thirdly, | describe the effect of a specific factor namée impact of importing
cheap labor on the average level of wages in the United States

Impact of export changes on GDP

Basically, | derived this impact from the fact that Chinegpats represent about
30% of the GDP of China.

What makes this argument incorrect is the fact that expodSzDP are two quanti-

ties of a different nature. As we know, exports sum up thegsraff everything which

goes through customs whereas GDP sums up incomes of indigidad companies
that are generated in the course of production.

As an example, one may consider the manufacturing of computeChina. The
problem comes from the fact that a computer which is expdii@a China may
contain parts which have been built elsewhere for instamdaiwan.

Let’s assume that the price of the computer is 100 of whicheg@asents the price of
the parts manufactured in Taiwan. Thus, only 60 will go tor@@se companies. In
other words, each exported computer will increase Chinggerts by 100 but will
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increase Chinese GDP only by 60.

By not making this distinction, | overestimated the impafca @eduction in exports
on Chinese GDP. However, in order to make more precise gssnoae would need
to know which part (on average) of the price of exported potslveally contributes
to the Chinese GDP.

In conclusion, the figures that | gave provide upper boundshwimay nevertheless
be useful until more detailed data become available.

Taking into account multiplier effects

The main question seems to be: “Will the 4 trillion yuan ingetin the economy by
the Chinese government in November 2008 be sufficient teofife fall in exports
and in real estate activity?”.
One can propose the following rough calculation.

e Let us assume that the (positive) multiplier of this injentand the (negative)
multiplier of the contraction have the same (absolute)eslu

e Let us assume that the fall in exports will be about 20% in 2@08yure which
Is based on the 2% monthly fall that occurred between Sepearial October 2008.

e Let us assume that the real estate sector (residentialraotish + marketing)
is about 10% of GDP; this figure is based on data provided bfolleving website:
http://www.ier.hit-u.ac.jp/COE/Japanese/onlii@a/china/tablea8.htm
Let us further assume that this sector comes to a completdstiihthat is to say that
its contribution to GDP vanishes. Although this may seemr§/fdrastic assumption
it has two advantages. The first is its simplicity in the alogesf more precise data.
The second is the fact that it may cover the effect of bankrapiof construction and
real estate compani&s

With these assumptions one gets the following negative atsdin billions of dol-
lars):

Chinese exports in 2007 were 1218; -26% -243

Chinese GDP in 2007 was 3430; -10%- -343

Total: -586

The injection was so far (that is to say until the end of 2008P@8 bn yuan that is
approximately $ 400 bn In other words the injection coversuaty 0% of the neg-
ative amounts which means that it should be almost suffiteentfset the negative
impact. In addition there can be a second injection in a femthmif the situation
deteriorates further.

42This is an important point which was brought to my attentigrPbof. Zhangang Han. The argument is that when a
company stops its activity, it is true that it does no longsrtdbute to the growth of GDP but in reality the closure tesu
in adestructionof national wealth for instance through the dismantlingmiduction machinery which in a sense should
be represented by a negative change in GDP.
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In conclusion it seems that the Chinese economy should eed#tie storm unless
there are unexpected events (for instance social unregtisngbtion).

Effect of a recession on foreign trade

The previous calculation relies in a critical way on the feyof -20% that we ac-
cepted for the fall in Chinese exports. Suppose for a monmentnstead the fall is

as high as 75% (that is to say a division by 4), then the negaimounts become
—913 — 343 = —1256, in other words there is now a sizable gap between the drop
and the injection. Thus, it is highly important to estimaberectly the fall in foreign
trade.

The mechanism under consideration can be represented bofllthveing diagram.

us

recession us Fallin im Chinese -
—| \ ports . Fall in GDP
fall econom from China > | economy—>/' ' -hina

in GDP

A 4

A\ 4

Fig.4.? Transmission of a recession from one country to anber In this mechanism the main unknowns
are the response functions of the two economies. They cartbentined by analyzing former episodes either
for the same countries or, if there are not enough episodekble, for other (fairly similar) countries.

The two blue boxes represent the US and Chinese economiesakitéo know the
relationship between the intensity of a recession and trgninale of the fall in US
imports and more specifically imports from China.

The main practical difficulty is the following. There havespemany small recessions
but only few important ones. The effect of a small recesssaty (vith a contraction
of GDP of less than 3%) on imports may be too small to be obbémecause it will
be smaller than the background noise that is to say the fluetsaof imports that
can be observed even in normal times. In other words smasssans probably have
some effect on the level of imports from China but this effemmnot be observed.
This distinction between effects which are known to existlenbasis of theoretical
arguments but are too small to be observable and those wtaatiearly observable
IS not often made by economists.

In order to get clear-cut results we must consiatjor recessions such as the de-
pressions of 1873-1879 (unemployment reached about 20%f) 1929-1933 (un-
employment reached 30%). Of course in such periods it doesnake sense to
consider imports from China because this country was in @ difierent situation.
As a substitute we can consider imports from Britain, Geyr@nlapan in the hope
that these cases may give at least a rough estimate of whaiddbe expected for
imports from China.
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Effect of importing cheap labor

Basically exchange of manpower means “importing” immid¢gdrom countries where
salaries are low into countries where salaries are high@s ghenomenon is by no
means special to the United States (whose case is illudtbgt&ig. 7.3 that we will
comment in a moment), it is observed in almost all indusial countries with the
notable exception of Japan. If there is a difference, it ily anterms of timing in
the implementation of this neo-liberal agenda in the semsethe US and UK were
among the first countries to start such policies.

It should be noted that the substitution of cheap foreigoiddgb more expensive
domestic labor also concerns sectors, such as health cavkidh international eco-
nomic competition does not play any role. However, domesiiopetition ensures
that once such a process has been started, all hospitalsd&low suit. In the
1930s it was the same for child labor in US cotton fields in tess that the em-
ployers who did not use it were at a disadvantage. It is onlg bsderal law that it
could be suppressed because it put all employers on an expisld.

Let us give a closer look at the health care sector. Becaudeateoctors who work
in emergency care services of hospitals have a difficult jbizkvis not well remu-
nerated, such positions have more and more been filled wittodofrom emerging
countried3. Similarly, it is well known that nurses from the Philippsare recruited
by American hospitals. The financial support that they seaak lto their families
improves the balance of payments of the Philippines bunibisertain that this short
term benefit is sufficient to compensate for the drain on prechuman resources.
The fact that the operation offers a short-term advantag# tmncerned parties (the
nurses themselves, the Filipino government, the US empdottee US government)
explains its rapid development in recent years.

In a general way such transfers of workforce have three cpesees.

(1) They depress wages in the countries which receive thdagramts. Indeed,
like all commodities, labor is ruled by the law of supply arehtand. The arrival of
immigrants increases the supply and thus reduces the drlabar. An illustration
Is provided in the case of the United States by the graph in Fig. From around
1975 up to present time the US “imported” big amounts of cHabpr mostly from
Latin America, the Philippines and Vietnam. As a result Alcean wages reached a
peak level around 1975 and have been decreasing ever since.

(2) Over-supply of cheap labor undermines the bargainigepmf the unions.
Needless to say, if labor is plentiful unions are in a weaktysin bargaining with
management. The effect can be seen in the fact that afterth®#umber of strikes

43Such a transfer of highly educated people is of course detriat (at least in the long-run) to the welfare and economic
development of the countries from which they come.
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fell in a dramatic way.

(3) Moreover the inflow of labor is not a purely economic phaeoa. Indeed, by
affecting social interactions the arrival of a great numdiieioreign workers erodes
social cohesion at least until they are better integratpdpeess which may take one
or two generations.



Lecture 5
Experiments for measuring interaction strength

Lecture given at Beijing Normal University, Department g§t8ms Science, on 29
October 2008, 14:00.

| will devote the present lecture to two aspects that | hattte Idiscussed so far,
namely: (i) How to use the mixing-criterion? (i) How to carout micro-social
experiments?

How to use the mixing criterion

As has already been explained, this criterion allows a r¢bghquick) classification
of social systems into three categories:

e Systems which are miscible will be called gas-like systethey have weak
interactions.

e Systems which are not miscible will be called solid-like teyss; they have
strong interactions.

e Systems which are partially miscible will be called liquike systems; they
have medium strength interactions.

In order to show how this criterion works, let us try to answer following ques-
tions:

(i) To which category belong married couples?

(i) To which category belong groups of people who speak #maeslanguage. The
examples of British immigrants in the United States or Aalgdror of French people
in Quebec (the French-speaking province of Canada) sugjthedtthe integration of
group into countries where the same language is spokerrlis fapid.

(iif) The situation is completely different if we considerogips of people who speak
a different language than the main language of the counterevthey have settled.
In this case the integration is much slower. An illustrai®provided by the example
of the Amish in the United States. This is a group of Germanignamts (belonging
to a specific protestant confession) who settled in the staRennsylvania in the
second half of the 19th century. Although they can speakigmghost of them have
a heavy German accent because German is still widely usadimcommunity. The
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net result is that the Amish remain a group which is still pypantegrated in the
American society.

A similar example would be the Hispanic community in Los Alegeor the Russian-
speaking community in Ukraine.

How to carry out micro-social experiments

Milgram’s methodology

The experiments carried out by the American psycho-sogisicGtanley Milgram
(1933-1984) have the specific feature that the people whio paot did not know
that they were participating in an experiment in socio-psyagy. This is obvious
for the people who took part in the lost letter experiméfitsecause they were not
paid and had no contact with the researchers. But it is alsoftr the obedience
experiment that will be described here. In this case pasditis were paid and told
that they were taking part in a scientific experiment but tweye not told the truth
about their participation which means that their reactioas be labeled as being
fairly genuine. They reacted as if in real life situationfisTmakes of course a big
difference with experiments in which nothing is at stakeeptqerhaps the small
amount of money that participants can earn in the game.

Description of the obedience experiment

Carried out in the early 1960s, the obedience experimemsdayreat interest in
the general public because they seemed to “explain” theiebeel attitudes that had
been observed in Nazi concentration camps. However, ttespretation does not
do justice to the deep significance of Milgram’s experimehtdact, he has shown
that the weaker the interaction between two persons, therets for one to harm

the other. Through his experiments Milgram was able to givehis proposition a

precise quantitative meaning. To understand how he foredliis result we need
to know more about the experimental procedure.

The experiments involved three individuals:
(1) The experimenter E who was, so to say, the supervisor
(2) The instructor |
(3) The subject S

Both the supervisor and the subject were members of the iexpetrteam whereas

44As an illustration consider the following experiment whighs performed in Hong Kong in order to assess the feel-
ings of the residents with respect to the People’s Republizhina. Many envelopes bearing the address of a (fictitious)
association promoting friendship with the PRC were leftifas lost or forgotten) in many places such as street cars,
waiting rooms, benches in public parks. The percentageteftewhich reached their destination (instead of beingvnr
away) was taken as an indicator of the people’s sympathyh®PRC.
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Fig.5.1 Milgram’s obedience experimentThe figure shows different settings of the experiment whez
ture increasing interaction between the instructor (wHbcis the electrical shocks) and the subject (who
receives the shocks when his answers are incorrbtithyram (1974)

the instructor had been recruited through a newspaper isbment and was paid
an hourly wage of $ 4.50. At the beginning the supervisorairglto the instructor
that the experiment is a scientific study about the role ofgfument in learning. The
instructor asks a number of questions and if the answer &fubgect is incorrect, he
delivers him an electrical shock. The generator has 30 bestin 15 volt increments
ranging from 15 up to 450 volts. The instructor is supposeiddtoease the voltage
each time a wrong answer is given. In fact, there are no eéatthocks; the subject
Is an actor who, although never actually harmed, showsasang manifestations of
pain as the voltage is increased.

Just to show how dramatic the situation became at some merhgiMe below an
example of a dialog between the three participants. Thisglia reproduced in the
report that Milgram has given of this experiment in 1974.dtwrs after a shock of



90 Lecture 5

190 volt had been delivered.

S (yelling, i.e. shouting): Let me out here. My heart is boiting me.

E: The shocks may be painful but they are not dangerous. Ganplease.

I: You see he is hollering (i.e. shouting). No Sir, I'm not ggito kill that man.

E: The experiment requires that you go on.

S: | absolutely refuse to answer anymore. Get me out.

E: If the subject does not answer in a reasonable time, aboub 4econds, consider
the answer wrong. Continue, please.

This excerpt shows the great involvement of the instrudtowould be difficult to
reach that level of involvement in an experiment in whichgdeare told the truth
about their role. If the instructor knows that the subje@nsactor and that in fact he
does not feel any pain the experiment would lose all its ficamnce.

The experiment has been repeated in five different settimbsraspect to the close-
ness between the instructor and the subject (Milgram 1974).

(1) Inthe “remote” setting, the subject is in another roord aa vocal complaint
is heard from him. However, at 300 volts, the laboratory svedlsound as if pounded
by S. After 315 volts the pounding ceases and no further arssare given by S
(situation 1).

(2) In the “voice feedback” setting, S is again in an adjacentm but his com-
plaints can be heard by the teacher (situation 2).

(3) Inthis setting S is in the same room as the instructor vgiges the possibility
of visual contact (situation 3).

(4) In this situation the subject and the instructor sit $igeside. At the 150 volt
level, the subject refuses to place his hands on the shotdsplechematized by the
black rectangles, situation 4). The experimenter thenrerthee instructor to force
the subject’s hand on the plate. In this way, the experinmeatd to a physical contact
between the instructor and the subject.

(5) This setting is similar to the previous one except that shpervisor is no
longer in the same room and gives his instructions by teleplisituation 5).

Results

The graph shows that the percentage of people who acceptairipothe experi-
ment to its termination (i.e. 450 volts) decreases when pineximity” between the
instructor and the subject increases.

As often in the social sciences the main problem is to mirentiee “noise”. In this
respect one must recall that the same instructor could natsbd twice for after
the experiment he (or she) was told about the real meaninigeoéxperiment. As
different instructors do not have the same reactions, ther@xent must be repeated
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Fig.5.2 Percentage of instructors who inflicted 450 V shocksThe 5 data points correspond to the 5 exper-
imental settings described in the previous figure. Eachepg¢age is an average over a set of 40 experiments
carried out with 40 different instructors which means th@® 2xperiments were performed altogether. Ex-
pressed in words, the main result is that the capability @f inflict harsh treatment of decreases when the
strength of the — —S interaction increasesviilgram (1974)

several times so that these differences cancel out on aekéitpram indicates that
40 adults were studied in each of the settings. This meah&ihaast) x 40 = 200
experiments were carried out. If each experiment took abbours (one hour for the
experiment itself, one hour for the debriefing of the insiouand one hour to record
the results) this represents about 30 weeks of experimantisat time Milgram was
an assistant professor at Yale; it is remarkable that hehgofunding to carry out
such an ambitious project.

It is because it is based on a large sample of experimentshiaaraph is not com-
pletely obscured by variability and noise. If there had beely 5 experiments in
each situation, the noise due to individual variations, idne too large to show any
definite pattern.

There is one point which remains somewhat unclear, namelgxtact signification
of the horizontal scale in the graph. In his book of 1974, kg labels this axis
as showing “increasing proximity”. But how should the terprdximity” be under-
stood exactly? The simplest interpretation would be spat@imity. It is true that
between situations 1 and 4 the distance between the instract the subject de-
creases, but this is clearly not the main factor. The re&ihce is the fact that the
interaction becomes stronger because it is channeledghnmore and more means
of communication:
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(i) almost no audio contact

(if) audio contact

(i) audio and visual contact

(iv) audio, visual and physical contact.

Implications and applications

The fact that this experiment is able to record the reactibaspeople have in real
life (as opposed to simulations in virtual worlds) is attesby the fact that its results
are used in the training of US Marines. It has been observedatedly that in
the mind of people there is a strong resistance againshdgithther persons. For
instance soldiers do not fire even when under attack or theyofier the heads of
their enemies. This resistance is in line with what is obseénn other species: for
instance tigers do not kill other tigers (yet, ants are knéwsvkill ants of the same
species). In short, soldiers must be trained to overconsgdisistance.
This can be done in several ways, but one of the techniquésadycbased on results
of the Milgram experiment as attested by the following egtéwebsite of Lt. Col.
Dave Grossman: http://www.killology.org).
While physical distance is achieved with bombs, rocket ¢diens and even
night-vision goggles, which reduce humans to ghostly gsekiouettes, emo-
tional distance often is achieved by categorizing targediferent because of
their race, ethnicity or religion. The military does whageit can to deny any
humanity of enemy soldiers.

Asch’s experiments on social conformity

In the experiments conducted by Solomon Asch in the 195@&rts were asked to
participate in a vision test. In reality, all but one of thetmapants were confederates
of the experimenter, and the study was really about how tin@irgng student would
react to the confederates’ behavior. Asch describes his negult in the following
way: “We have found the tendency to conformity in our socsystrong that rea-
sonably intelligent and well-meaning young people areimglto call white black”.
This result has became known as Asch’s conformity paradigm.

More specifically, the experiments lead to the followingervations (Asch 1955).

¢ When the subject was confronted with false answers of mare3lconfederates
its rate of error increased from nearly 0% to about 35%. Witly @ confederates
the error rate was 15%, with 3 it was 30%, with 5 it was 35% amentained at that
level even when the number of confederates was increasquittlb.

e When there was at least one “dissenter” among the confeddiag error rate of
the subject was only 10%. This result did not depend on whetheot the dissenter
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gave the right answer. In other words, what mattered waslynére existence of a
dissenter.

e In a few case$® the subject suspected that there was a collusion between the
other participants. In those cases the game was stoppeti@nelstults not counted.
As a consequence of this methodological choice the endtsesuér-estimate the
level of conformity.

There were three major differences with Milgram’s expenise

(i) In Asch’s experiment nothing was really at stake for thwdject. It would be
interesting to see how the results are changed when thecssibj@ remunerated on
the basis of the number of their right answers.

(i) Milgram’s experiment investigated the interactiontween 3 agents and it is in
this way that its results were presented. In contrast, Asetperiment was presented
as an investigation of “social pressure” (this expresspnged in the title of his
article of 1955) but a group of 15 persons is only a fairly réemaodel of a society.

It would be more correct to see this experiment as descriaingt can happen in
other small groups such as the board of directors of a catiparar cabinet meetings
of ministers.

(iif) Asch carried out less experiments than Milgram. Hedusaly 123 subjects as
compared to over 200 for Milgram.

Apparently, Solomon Asch had few (if any) followers. Thigtfagain illustrates
the great difference between experiments in physics anchpéygy. In physics all
major experiments are “repeatetf’ by many researchers in various countries in
order to check their validity and improve their accuracythia present case it would
have been very interesting to check whether or not the confpreffect is culture
dependent.

Stanley Milgram showed convincingly that it is possible &org outreal experiments

in socio-psychology where the term “real” is meant to sttbescontrast with class-
room experiments whose conditions are most often fairflgbht from those of real
life. Unfortunately the example that he set was not folloiegdnany researchers.
In contrast there is a technique which is used very frequdmtisocial researchers
namely investigations based on surveys. In this respecsioogld probably make a
difference between fact finding surveys and those whichlawatahe opinions of the

4SUnfortunately, Asch does not say how many cases of this kiatethave been.

46The level of conformity with wrong assessments that can Ibéeged in modern societies is certainly much higher
(probably around 95% instead of 35% in this experiment) fier simple reason that in order to form an independent
opinion the information on which to base that opinion musabailable. Even in our supposedly democratic societies it
often happens that crucial information is withheld by goweents or mass-media. The example of the weapons of mass
destruction that were supposed to exist in Iraq before 2G8Bacase in point but one could mention many others.

4'The quotes are meant to emphasize that the experiment isne@emted exactly in the same conditions; for instance
because of the use of different technical devices.
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respondents. The census is a typical example of the firsidmteas political polls
(such as those pioneered by the Gallup Institute) are an@rashopinion surveys.
In the next section we give an example of how fact finding sggvean be used to
investigate social interactions.

David Laitin’s measurement of (economic) integration

Description of the research project

The study that we describe here was undertaken in mid-20@alnd Laitin from
Stanford University and it is still currently in progresshélpurpose of the study is
to investigate the influence of religion on the way immigsamécome integrated in
a host country. This is a nice experiment in the sense thatutdes on a simple and
well-defined issue. It will certainly appeal to econophigic

A crucial feature in the design of the experiment is to make shat apart from
religion all other characteristics of the two groups areghmé?®. For this purpose
the project considers immigrants from two ethnic groupsemegal, a country in
western Africa: one is composed of Christians, the other aglvhs. Islam is the
religion of 90% of the population of Senegal. Their destoratountry is France.

Naturally, in order to ensure that all other conditions aentical, one must make
sure that there are no marked differences between the tvapgiio terms of:

¢ level of education

e ability to speak or write French.
Such differences would not be surprising because Christiaaty have a closer as-
sociation with French missionaries. It will be one of the siofi the survey to check
whether such differences exist or not.

Other factors of importance for the process of integratimmcern the region of des-
tination. Is it Paris or a provincial city? Is there alreadyoenmunity from the same
group established in this area and, if so, what is its size?

Finally, an important point is what criterion is selectedgmuge the level of inte-
gration. Mixed marriages is a possible criterion but theeg iibe others. Economic
integration which is another important facet can be eseoh&tom data about income
and job status. Income progression gives a measure of tlyggga®in (economic)
integration in the course of time. But this raises the qoestif whether or not there
IS a correlation between social and economic integration.

For more details one can read Laitin (2008).

487 presentation of the project can be found at the followindrads:
http://www.nsf.gov/awardsearch/showAward.do? Awardider=0819625
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Social versus economic integration

Let us define social integration by the fact that for all maocio-economic indica-
tors the average is the same for the group of immigrants ucmesideration as in
the rest of the population. Thus, this criterion requirepanticular the equalization
of average (or median) income. If we assume that the immigistarted from fairly

low level jobs, such an equalization requires that progvelsthey get access to
medium-level jobs. In short, social integration impliegeoamic integration. How-

ever, it can be argued that the converse is not necessamy ket us examine this
point more closely.

Whenever there is a substantial community of nationals tft@same country a new
immigrant can develop an economic activity within this coomty. This was for in-
stance the case in Hawaii in the 1930s; at this time many fasegtion Japanese
immigrants succeeded fairly well economically withoutrigeable to speak English
fluently. It is true that the first immigrants were recruitedaork in the sugar cane
fields but that was in the late 19th century. Subsequentlypaddiset of activities
developed within the Japanese community: priests, fishgrteachers in Japanese
language schools, employees in the banking branches sgtiapbnese banks and
so on. For all these jobs, almost no knowledge of English egsired. More-
over, for those who sent their children back to Japan to dtsemool, even Nisei
(i.e. second generation Japanese) were more fluent in Jstran in English. In
other words, the possibility of joining a large communityfellow country people
certainly accelerated economic integration but at the sameedelayed social inte-
gration. For instance, there were very few mixed marriages.

A similar example is provided by the community of Chinese igmants in Indone-
sia. One knows that this community enjoys a privileged econstatus in the sense
that it controls a substantial part of Indonesian businesspanie®®. In spite of
the fact that this community has been present in Indonesa before the country
became independent, it is still not well accepted and iategras was shown by a
series of very serious anti-Chinese riots in 1965-19665%9t 1998,

The “ceteris paribus” condition

In order to draw clear conclusions from Laitin’s “experirtigihis crucial to ensure
that the two groups are indeed identical in all aspects éxadigion. This is a
difficulty which is inherent in all comparative social stadi As already pointed out,
through its very design this experiment provides compétglsonditions which are
better those usually achieved in standard social studies.

49Although only approximate data are available they live nolt@bout the reality of the concentration of power in the
sense that a community which represents a few percents pbihdation controls about 60% of the companies.
50According to Amy Chua (1995) the number of Chinese fataiti@s of the order of several hundred thousands.
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Often social scientists think that they are able to focus spexific variableZ and

to “control for all other variables” that is to say make sunattthese variables do
not affect the response of the systen¥toBut to be able to do this one must know
in advanceall relevant variables, an assumption which is equivalent éodaim
that one has a perfect knowledge and understanding of theoptenon. In order
to emphasize how tricky this requirement can be | will ilhag¢ it by the following
example.

In a study presented at a conference at Harvard in May 200&.thers analyzed the
factors that had an impact on the rate of desertion in the afntlye Union during
the American Civil War. They considered a long list of vales) e.g. age, level of
income, state of origin, and so on. which could plausiblyu@fice desertion rates
but they didnot mention one variable of crucial importance, namely the amhof
the premium payed by states to recruits who signed into they.arStates which
experienced the most difficulties in fulfilling their quotakrecruits tried to solve
the problem by paying a higher premium. But at the same tinod @ayments
generated a process by which recruits got the premium, i@elseifered their service
in another state, got a second premium and so on. That kirnzhaf s/ould of course
be impossible nowadays; it was the lack of centralized fileg&lwmade it possible
in 1861-1864.

The important point in this example is that no plausibilitrg@ment can possibly
make us discover such a factor. Can it be revealed in some wthg The surest
way to check if no variable has been overlooked is to carrysomilar studies in
other countries. Unexpected divergences in results maglaeed to factors which
have not been clearly identifigd

The empty seat experiment

How can we estimate the barriers which, to some degree,lmtseen people? Here
Is a proposal for an experiment which is based on an observatade in the subway
of Tokyo by Michael Hasset and was published in the Japan {2& November
2008).
“After nearly two decades in Japan I, like many non-Japarese repeatedly
experienced the empty-seat phenomenon when the only eegitys the train
happens to be the one next to me”.

To explain the point made by Hasset one must realize that®8 2@ere were very
few Westerners (that is to say persons who visibly were rampaidese) in the sub-

1t is true that such a test will not reveal unexpected factioas are common tall countries in the sample, but it is
probably the best one can do. Even in physics there is no atiagaround this difficulty than to try out different sets of
experimental conditions.
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way. The fact that he is the only foreigner in the train (oreatst in the carriage) is
implicitly assumed in his account.

Based on this observation the design of a possible expetiwaud be as follows.
Let us assume that there are 3 seats on each side of the earriag

(i) One would employ a group of 3 Japanese and one Westermgersteidents who
take part in the experiment).

(i) Two Japanese will occupy 2 of the seats on side/hile the third Japanese and
the Westerner will occupy two of the seats on sigte

sideA: J empty J

sideB: J empty W

(iif) One will count the number of times that the empty seat is occupied before

the empty seaB. (iv) If IV is the total number of persons who occupied one of the
seats, can the ratipo= n/N provide an estimate for the “barrier” between Japanese
and Westerners? If= 1 (which means that the empty seat next to the Westerner has
never been occupied it would indicate a high barrie # 0.5 (which means that

the two seats had the same occupation rate) it would meath#ratis no barrier. If

b = 0 (the empty seat between the two Japanese was never occiipied}d mean

that the empty seat next to the Westerner in fact exerted@adjadtraction.

Theoretically at least, the experiment appears fairlyradea should lead to estimates
of barrier height or levels of attractiveness. So far, thipegiment has not been
triec®®. However it is fairly likely that, as in most social experintg, there will be
a high level of “noise”. The only way to get significant result spite of this noise
is to repeat the observations many, many tithe$he interesting point is that once
a procedure has been set up which gives reliable and replbdelwesults it can be
used to test other similar effects. Thus the westerner caedaced by an attractive
lady, a priest (or a monk), a tramp or any other character eeffect one may wish
to study.

Just to show that many experiments of this kind can be dedjgeé us describe
another version of Milgram’s lost letters experiment.

The lost CV experiment

52My own observations in the metro of Tokyo in fact would sugddkat there is no barrier effect. On some occasions
the seat occupancy pattern described above sometimesedgust by chance and a number of times | observed that the
seat next to me became occupied while the empty seat omgiemained empty. This remark is based on a small number
of observations and is therefore hardly significant. | smerty one month in Tokyo whereas Hasset spent 20 years, so
one should probably trust his testimony.

53Let us recall that Stanley Milgram repeated each experim@riimes. In the present case the experiment requires
relatively little time and preparation so that one may ptdpaepeat it one hundred times within one week.
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At the beginning of this chapter | described the experimentqggmed in Hong Kong
in order to assess the level of sympathy for the People’s Blepaf China. Milgram
performed a similar experiment in southern states of théddrtates in order to as-
sess the level of sympathy for the Civil Rights movement aralinore general way
for the African American minority. The idea of the lost jobpdipation experimerst

is derived from this experiment.

First the research team writes a fictitious job applicatidmclv includes a CV (with
photograph), a letter of motivation and a stamped envelepéig the address of the
applicant which is supposedly for the response of the compHme fictitious iden-
tity of the applicant can be selected at will as belonging twaup A. For instance,
A can be a population of minority workers such a Polish worketise United King-
dom, Turkish workers in Germany or Tunisian workers in FeEane- The next step
is to leave a large number of job applicatiofisn an area inhabited by a group.
The number of applications sent back to the applicant wilabendicator/ of the
sympathy between the groupsand B. If A is a minority group andB the ma-
jority population the experiment will tell us how well the mairity A is integrated
and accepted in the population. Naturally, as for any mesasent device it must be
calibrated by which | mean that a number of tests must be dooeder to check if
I indeed measures what we would like it to meaure

In recent years experiments about discrimination in thenlsket have been per-
formed by the International Labor Office in Geneva in seveaaintries: Belgium,
France, Germany, Spain, Sweden, United States. Thesdgseperpublished in a
publication of the ILO entitled: “International MigratidPapers” and they are avail-
able on the website of the ILO. These experiments consisteénding (fictitious)
job applications in response to job offerings. The applicest were designed by pairs
so that to be fairly equivalent (though of course not ideitwehich would immedi-
ately arise the suspicion of the company) in terms of edocafirevious experience,
age and so on. They differed only by the ethnic origin of theliapnt: one was from
the majority population, the other from a minority popubaiti

The first steps in the applications process can be made byomiayl telephone, but
subsequent steps will involve personal contacts with theleyer and therefore re-
guire that comedians play the role of applicants. Needlesay, such experiments
require a great amount of work and a large research teamhg&dt Eor the experi-
ment performed in France about 2,400 applications wereisenitially; 26 actors
played the role of applicants in job interviews.

S4For the sake of brevity, | will often call it the “lost CV experent”.

5As in Milgram’s experiment they would be left in street casbway cars, waiting rooms of railroad stations, etc.

S6For instance it must be checked that the same job applicaldinin the same area in successive weeks give approx-
imately the same return rate in other words that the effepsoducible.
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The lost CV experiment is much simpler to implement. Althieuigdoes not mea-
sure exactly the same effect there may be a substantial@itorebetween the two
experiments. Indeed, one may argue that in the reaction pfayers there is an
“overall component” which reflects their general opinioroabthe minority3 and
a component which is specific to their sector of activity arfpssion.

At this point it may be of interest to explain why many studses concerned with
measuring social interaction even if they do not explicitigntion this objective.
In order to make that discussion more concrete | will corrside example of the
studies that | have done in former years. In other words, llméfly explain how |
became interested in the measurement of social interaction

Other research topics centered on social interactions

At first sight my topics of interest (as judged by the boolestthat are cited below)
seem to span a broad range of issues. Yet, as will be explairiled following lines,
in most of these studies the key objective was to define angumeaome kind of
social interaction.

e The purpose of “Theory of Markets (1995)” is explained bysibtitle: “Trade
and space-time patterns of price fluctuatioisDuring the 19th century there were
grain markets in all cities and towns. At that time in a faildyge country such as
France there was no unified market for wheat or other commeadit the sense that
at a given moment the prices were not the same at differeatitots. For instance,
the price of wheat may have begpn = 17 franc/hectoliter in a city4, say the city
of Orléans, 100 km south of Paris apg = 20 franc/hectoliter in a city3, say the
city of Rouen, 100 km West of Paris. If the transport d0$#l, B) of wheat fromA
to B was at that time smaller than the price differentdl = |pp — p4| = 3 francs
and provided this price differential lasted long enouglsitaly longer than the time
required for the shipment) this situation would have geteera trade flow from4
to B. This is the normal mechanism by which an exchange of googisisrated by
spatial differences in prices.

The higher the price differena&p the greater the propensity to ship goods from one
place to another. IA\p is barely equal t&’'( A, B) few traders will care to organize
shipments. On the contrary &£p is much larger tha' (A, B) the incentive will be
greater. More precisely, for a trader in ciB/the potential yield will be of the order
of: Y(A,B) = (Ap— C(A, B))/pp. If Y(A, B) is notably higher than the yield for
other trading destinations, the shipment from B to A is k&l materialize.

5’Some specific points were developed in subsequent papeRodnner (1999) the space-time structure was investi-
gated; in Roehner (2000 a,b) the objective is to define andunedhe correlation length of commodity markets.
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There are two different effects which are at work in this plraenon: local con-
ditions create spatial differences whereas traders peawthnections which reduce
these differences to a level which is determined by the tf=aess of the transporta-
tion system. The fact that a diversification force is chedikga unification force is
a fairly common mechanism.

e In “Separatism and Integration (2002)” we investigate alsinmechanism but
this time for languages and cultural characteristics. Looaditions give rise to
linguistic difference® whereas contacts between people tend to produce a common
language. This common language can be a national languagkngua franca that
Is used as a means of international communication. In Eudopieg the Middle
Age among learned people it was Latin, then at least amongrtbcracy it was
French and in more recent times it has become English. Ini,dboal idiosyncrasies
tend to develop during periods of time marked by a low levekxthanges and
communication, whereas social interaction favors the gerere of universal means
of communication.

The main parallel between the case of prices and the casaguidges is the role
played by communication networks. Poor communicationdeac segmented mar-
ket in terms of prices or to a fragmented society in terms ofleages. On the con-
trary, easy communications bring about unified markets anduages.

e In “Cohésion Sociale (2004)” (a book written in French) | tried toamare so-
cial cohesion by observing the response of societies towarfiorms of exogenous
shocks: military victories, or defeats, assassinationgotifical leaders, attacks on
religious or national symbols, etc. Any of these events setodtrigger a uniform
reaction in a homogeneous population, but diversified i@agin a culturally seg-
mented population.

In other words the reactions to shocks provide a kind of ig@iphy of the society
which shows the level of heterogeneity.

¢ In a series of studies of occupation episddéexplore what happens when a
large group of young men is brought in contact with the pojpateof a foreign coun-
try. These episodes provide a kind of “natural experimeaksiut social interaction.
The fact that the group of young men is the same in all casegsnak controlled
experiment in which the number of parameters is reduced ab asipossible.

%80ften languages spoken in neighboring countries are ngtdiéfierent: French is not very different from lItalian,
Portuguese is not very different from Spanish, Czech is aot different from Slovakian, Swedish is not very different
from Danish. In each case one would of course have to exgiaiexact meaning of the expression “not very different”.

In the case of French and Italian for instance it means thatadiman can (more or less) read and understand a simple
text written in Italian. In the case of Czech and Slovakiaméans that a Czech can understand a Slovak who speaks
slowly and in fairly simple terms.

S9For the sake of uniformity these studies focus on post-Watd 11 occupation episodes by American, Australian
and British troops taking place in different countries sastdapan, Germany, Iceland, Australia, China, Hawaii.
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e In “Patterns of Speculation (2002)” | have studied real tesspeculative bub-
bles, that is to say episodes during which the price of hcarsé gpartments increases
much faster (about 10 times faster) than either the conspner index or the na-
tional incomé&°. Do such episodes have an explanation in terms of intergttio
think so. For instance, | have shown that the number of nepesparticles on real
estate topics increases during the phase of ascendingniggusces and decreases
during the phase of falling prices. Newspaper articles alg one manifestation of
a frenzy that engulfs the whole society. In the course of ayfesars people who had
never before given a thought to real estate speculatiorf alsadden take an active
part in such operations.

The number of newspaper articles is a fairly indirect inthcaf the jump in inter-
action which seems to occur during such episodes. It wouldseéul to have an
indicator reflecting medium-range social interactfon

Usually it is difficult to follow the spread of a speculativefizy because the social
network has just too big. In the case of the Madoff scheme hwhigfaced in De-
cember 2008 the relevant network was restricted to a seleapgf wealthy people.
This gives a better chance to observe how it spread. In arleagublished in the
New York Times which documents the way the scheme had spreaditnds the
following descriptiofi*:
Country clubs, golf courses, locker rooms, recommendsatiard-of-mouth.
That’s how it was done. A lawyer would call a client, sayind'ni setting
up a fund for Bernie Madoff. Do you want in?” Or an accountana aolf
club might tell his partner for the day: “I can make an introtion. Let me
know”. [In addition to such casual recruiters there were al$ew institutional
recruiters; thus, the article emphasizes that Madoff] @¢mat have had a more
effective recruiter than Jacob Ezra Merkin, a lion of Wallegt who was also
president of the Fifth Avenue Synagogue in New York.

¢ In“Driving Forces” | developed a parallel between socigéénactions and inter-
molecular interactions (a topic developed in the secoritean this series). Then
| used these ideas to come up with a clearer understanditng affiuence of close
social links (e.g. family links) on suicide rates. Actualiye relationship is actually
so close that suicide rates can in a sense be considered asarmef the strength
of family links.

80There are similar episodes for stock prices but for stockeetis a greater variability; thus, stock prices may double
in one year which is 50 times faster than the increase of thewoer price index.

61Short-range social interaction consists mainly in famibnds; its strength is reflected in the level of suicide rate.
Medium-range interaction consists mainly in interactiaith friends, colleagues and neighbors.

2Article entitled “The world wasn't big enough for this Porstheme” by Diana Henriques; published in the New
York Times on 20 December 2008.
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Apart from the investigations which found their way in boaksjournal articles |
must confess that | also made a number of attempts which lzadare. One of the
most frequent reasons of such failures was the lack of adedaga. For instance, the
speed of propagation of a rumor would provide excellenginisinto the interaction
between social agents but so far | was mot able to find datahwliere accurate
enough for this purpose.
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A word about the title

| will try to convince you that a scientific approach can onby &chieved through
comparative analysis. Of course, we know that there have beglies in compar-
ative history for a long time. What | will propose is an approavhich focuses on
sharply defined mechanisms. One of the main points of thiswdl be to explain
what is meant by “sharply defined mechanisms”.

A word about myself

e | gota PhD in theoretical physics from the university of Bami 1972
e During the 1970s | was a researcher in particle physics vatitbe same time
teaching physics at the University of Paris.
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e In 1981-1982 | visited a Russian American mathematicianhrc&o and this
marked the beginning of my shift from physics to systemsrsme

e During 1989-1990 | conducted an investigation about wheaep in the 19th
century at the French National Archives: this was my firstdrisal research. Even-
tually it resulted in the writing of two books which were pigdbled in 1991 and 1995
respectively.

e During the following years | continued to work in comparathistory and this
led to the publications of two books in 2002.

In the course of time | have had some contacts with individistiorians but | am
glad to say that this is one of the first times that | am ableve gitalk in a department
of history.

What is scientific and what is not

At the beginning of this talk | used the expression “scienfoproach”. At first sight
one may think that it has a clearly defined meaning but thraughy discussions
| became convinced that there is often a serious misundelisi about what is
scientific and what is not. A belief which is fairly common rextays is that what is
mathematical is scientific and what is not mathematical isoentific. As you have
a deep understanding of the role of science in history yowkmiocourse that such
an idea is completely wrong. We know that the bases of physecs laid by Galileo
and that he used only very elementary calculus. Yet, the tid@aa mathematical
model is necessarily scientific is commonly accepted paerty by economists.
You know of course that what matters is not that the model ithamatical but
whether or not it has been successfully tested on statistata. Yet, at least 10
Nobel prizes in economics have been awarded to economistsenrhodels hadot
been tested in any way. This had never occurred in physiceylbest knowledge,
all Nobel prizes given to theoretical physicists were awarddg after the theory
had been successfully tested by experience. By the waygtlent financial crisis
can well be seen as the consequence of the fact that too ma@iderace was put in
the (mostly untested) mathematical models that banks hal b&ing to price their
financial products. When real sales took place it turned loait these theoretical
prices were highly overvalued.

Why do | visit the department of systems science at BNU

Last year | already visited the Department of Systems Seidnt only for a few
days, so | was quite glad this year to come back for a 2-moath ¥bu may wonder
what is the connection between physics, systems sciencecamgiarative history.
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In order to understand this point, one must recall the meaoninthe expression
“systems science”. Well, this expression can be definedfierdnt ways, but one of
its most basic meanings is that it is an attempt to providefeedrview of phenomena
which at first sight appear to be different. Let me illustrdies definition by an
example.
Consider the phenomenon of economic speculation.

e There can be speculation in stocks.

e There can be real estate speculation in houses or apartments

e There can be speculation in commodities such as oil, whe#grcor gold.

e There can even be speculation in more exotic items such eastamps, that is
to say stamps collected by collectors.

For all these items, there are what can be called “specealptice peaks” by which |

mean a succession of two phases: first a period of time, ydaating several years,
during which prices go up, then a period also of several yeéasg which prices go

down. The important point is that by studying such price gefak stocks, houses,
commodities one finds out that they are basically similaother words, the mech-
anism which is at work in these different phenomena seems thdsame.

It is precisely the purpose of systems science to establisk between these differ-
ent phenomena and to provide a unified description.

What has systems science to do with physics

As | mentioned at the beginning | am basically a physicistwNou may wonder
why a physicist should be attracted by the comparative amprof systems science.
Well, the answer is very simple. Physicists use a comparaipproach all the time.
As an example | will consider the phenomenon of free fallt th&o say what occurs
when one drops an object. We all know that this object will, faiit this fall may
occur in several forms.

(1) the fall of an apple

(2) the fall of a feather

(3) the fall of a drop of red liquid in water

(4) the “fall” of the moon on the earth

(5) the “fall” of the earth on the sun.

We now know that all these phenomena are ruled by the sameamisaln namely
the force of gravitation and the resistance of the air, batilas not always obvious.
It was Newton who showed that the astronomical phenomenal % ame ruled by
the same laws as the fall of objects such as 1 and 2. This wagoa loneakthrough.
In short, when Newton established a link between these phena he was using the



106 Lecture 7

approach of systems science.

Nowadays physics has become a very mathematical field whighy many persons
tend to identify physics with the fact of using mathematigis is a misinterpre-
tation however. In fact, the most important step is to reatlzat behind the five
previous observations there is@ammon mechanisn®nce this mechanism has been
clearly identified, it is a fairly easy matter to describenimhathematical terms.

How can comparative history be made more scientific

The previous examples suggest that in order to make conopariseaningful one
should follow the following rules.

(1) The comparison should focus on a sharply defined meatanis

(2) The comparison should as far as possible be expressecirtitptive terms.

The main difficulty in the first rule is to define what is meantaysharply defined
mechanism”. The rest of the talk will mostly be devoted t@ tiiestion.

First let me ask you a question? Do you think that compariegimerican, French,
Russian and Chinese revolutions can be seen as focusindghanpysdefined mecha-
nism? These revolutions had many, many facets which makescttmparison very
difficult. If we want to focus on a sharply defined mechanismneed to focus on
only one of these facets.

For instance you may remember that during the French Rewonltiie estates of the
Church were nationalized and subsequently sold. This peiisemore precisely de-
fined than the whole revolution. Did it happen also in othgohations? It happened
during the American Revolution but in that case the estateshwvere appropriated
by the government were the estates of the so-called logallsdt is to say the Amer-
icans who were opposed to independence and who sided witBriigh army. As
you know, about 200,000 definitively left the United Statl#terahe victory of Gen-
eral Washington. A process of nationalization of the estafehe Church similar to
what happened in France also occurred in many countrieaglthie Reformation,
e.g. in Britain, Denmark, Sweden, Germany.

Of course, for historians who are not familiar with thesesedes such an example
will not be very meaningful. That is why in the following sewts | will consider
cases with which all of us are familiar. The first case is théamee problem that
occurred recently in China; there has been much news on ti@stign in recent
times on TV. The second example will be the episodes of mylik@cupation which
occurred during and after World War Il. Finally, the last eyde which is taken
from the recent history of the United States will illustréte fact that if we do not
use quantitative data we may miss important changes.
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Defining historicaimechanismsfirst example

The information given by CCTV9 suggested that this was alatied problem. The

New York Time provided some additional information by mening a case of

tainted food for pets which was apparently imported fromn@hin the spring of

2007. When | read all these reports | was wondering if theynditake a too narrow
view. As an European | had of course in my memory the so-catiad-cow disease
which originated in Britain and then spread to many othentoes including Japan.
You may also remember that, according to many scientists dikease was due to
the fact that the cows were fed with left-overs of the slaaghg process and ca-
davers of sick animals such as sheep or chickens which cotlidensold for human

consumption.

Starting from this observation | had a closer look at thissgjoa in particular by
using the online archives of the New York Times. First, letrygo understand the
rationale of such practices. Let us assume that | am a fariernn all market-
oriented activities, | am supposed to produce as cheaplpssige. Of course as a
farmer | know that cows are herbivores and are not supposst tither animals. But
| also know that by feeding them with food containing a higbgmrtion of proteins
my cows will take weight much more rapidly than if they werd feith grass. What
source of proteins will I use? Naturally, the cheaper théehet

There are many sources of proteins that | can get almost éerbdecause they are
residues from other production processes. | already mesdithe cadavers of sick
animals; one can also mention the feathers or other trashtire mass production of
chickens. Unless used in feeding cows, all this garbagedhmeithrown away which
explains why farmers can get it at a very small cost. In othema, the cows will
be fed almost for nothing, an ideal situation. Apart fromtifash already mentioned
what are other cheap sources of proteins?

e Breweries which produce beer and distilleries which predubiskey use grain,
but only a part of the grain is used. What remains would hauveetthrown away
unless one can use it to feed cows. This was indeed done in ekvddring the
second half of the 19th century. It was the so-caBedll-milk scandal The word
“swill” refers to a mixture of water and garbage food. Thiasdal was denounced
in articles published in the New York Times as early as 1858Hmipractice never-
theless continued for over 60 years. According to one esdipablished in the same
journal about 8,000 children died each year as a result okihg this tainted milk.

e In 1986, 100 dairy farms were closed in Arkansas, Missoud @hklahoma
because they were feeding their cows with pesticide tregt@ds which in addition
contained harmful microscopic mushrooms due to the fatthiesgrains were stored
in @ humid environment. This was not an accident. The compdngh produced
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this food had been warned repeatedly by the FDA (Food and Bdinginistration)
not to use such grains. Nevertheless such questionablggesacontinued during 5
years.

e Then, there is melamine. As you know melamine contains pradites molecules.
Its big advantage is that these proteins are about 5 timegpeh¢han proteins from
soya, wheat or corn. You may also remember that the harnmfiedtsfof melamine
have been discovered only recently. In an article publishéte New York Times on
30 April 2007, | read: “Melamine is not believed to be parlarly toxic. Scientists
are now trying to determine whether melamine could be hdrfofaumans”.

| will not continue this discussion further but | hope youlveigree that the picture
which emerges from these episodes is very different fromptiesentation of the
melamine issue as being an isolated event. In fact, it isexeifdct of the procedure
by which farmers try to minimize their cost of production. cBuproblems have
and will occur repeatedly in all market-oriented countiegause of the pressure
to lower production costs. The only way to prevent them is biglic regulation.
Governments and local authorities (at state, county orleitgl) must edict precise
rules and have them enforced by frequent inspections.

If you wish more information on this question an interessagirce is:
Wilson (B.) 2008: Swindled. The dark history of food fraudrr poisoned candy to
counterfeit coffee. Princeton University Press. Pringeto

Defining historicaimechanismssecond example

Military occupation of a countryl by the troops of a countrg (or sometimes by the
army of countryA itself) is a process which occurred many, many times in hysto
During and after World War Il there were many episodes ofkimsl. | mention this
case because | have studied several such episodes. Of cailisy occupation
cannot be described as a single mechanism. There are maety.flatack market,
prostitution, traffic accidents, assaults on soldiersgibcal girls, etc. So we have
not one but several mechanisms, but due to the fact that weedtamany occupation
episodes we are in a good position to make comparisons.

In short, this seems to be a good laboratory for studying nsaayal effects from
a comparative perspective. If you wish more details abouotesearly results of
this ongoing investigation, you can have a look at my wehsitere all studies are
available on line.

Importance of quantitative data
Quantitative history was popular in the 1960s but has fallerof favor. Yet, is it not
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an essential step? If we wish to make comparative historemcientific should we

not follow the advice of Lord Kelvin who once declared thatheut measurement
all knowledge is “meager and unsatisfactory” whereas “wymncan measure what
you are speaking about, and express it in numbers, you knowething about it”.

So in my last example | would like to show that even some ctuwianges may
go completely unnoticed unless we use numbers. | will showseveral grapiid
which all suggest that something important happened in thiked States around
1975. As a physicist I'm tempted to call this change a phasesttion, but you may
use any other term.

(1) The first graph (Fig. 7.7) shows the evolution of infantrtatity in the United
States and in the UK relative to a sample of three other imdliged countries cho-
sen more or less randomly. Here, in contrast to the next grapk sharp turn oc-
curred in the early 1950s.

(2) The graph (Fig. 7.6) shows the evolution of the rate oineration that is
to say the number of people who are in prison in proportiom#ototal population.
There is a sharp up-turn around 1974. The curve of homicglslsawn only for the
purpose of comparison. In 1974 the homicide rate was at aleigh, but so was it
in 1930. After 1930 it decreased although there was no isereathe incarceration
rate.

(3) The third graph (Fig. 7.5) shows that there was a suddang#in the trend
of two important education statistics: the rate of high stlgvaduates and the rate
of PhD degrees. These changes occurred between 1968 and 1973

(4) The fourth graph (Fig. 7.1) refers to the distributioniméome. It shows
that there was a dramatic change between the period 1947-d®9the one hand
and the two following decades on the other hand. The growihooime which was
fairly uniformly distributed over all income groups becatitied in favor of the more
wealthiest segments.

(5) Finally the last graph (Fig. 7.3) shows also a dramatangfe in the pattern of
strikes and wages.

Of course, one would like, (i) to know if such changes alscuoed in other indus-

trialized countries (ii) to understand if such changes voenrenected. Although we
do not have enough time to investigate these questions numely, | guess you un-
derstand the main point | wish to make, namely that withoes¢éhquantitative data
we would be completely unaware that such dramatic changé&glace.

Conclusions

53These graphs will be found in lecture 7.
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My wish is not that all historians suddenly get engaged imimgarative studies of
the kind that | have tried to advocate here. But presentlydahks of the quantitative
comparative historians are really very thin. As | am congohthat this approach can
be quite rewarding by allowing a better understanding, |ioeelcome a revival of
this field.

In France there is currently a big crisis in the teaching sfdry in high school. | am

fairly ignorant about the situation in China. However | amwaced that by adopting
a comparative perspective, by both sharpening our quesdioth broadening our field
of observation, we will make the teaching of history moreixg in high school as

well as in college.



Lecture [
Was there a phase transition in the U.S. around 19757

Lecture given at Hokkaido University, Faculty of Economi8apporo on Saturday
22 November 2008, 14:00. and at the International Christilmversity, Tokyo on
Monday 8 December 2008, 10:00.

This seminar provides an illustration and application oé thotions and rules about
segmentation outlined in the previous lectures.

Qutline

In the post World War |l era the American society was amagisgccessful in many
respects. In terms of number of Nobel prizes won, industniavation, military
power and in many other fields the United states is far aheatl other countries.
Yet, empirical observation shows an abrupt change that pdedée around 1975 in
the trend of several social and economic variables.

e Whereas over the three decades 1945-1975 there was a faifibyra increase
in incomes for all income groups, after 1975 only the highesbme groups expe-
rienced a substantial income growth. In contrast, the lbwe®me groups experi-
enced dall in real income.

e Whereas in previous decades the marginal federal tax natieddighest bracket
was 70%, after 1980 it was lowered to 35%. There were simdductions for the
tax rates on the earnings of businesses.

e Whereas the number of strikes had been more or less congtaveedn 1935
and 1975, it experienced a dramatic decline after 1975.

e Whereas the number of PhD degrees delivered between 190®@&Bdhad been
increasing steadily (in proportion to population), afté7h it leveled off.

e Whereas the incarceration rate had remained fairly stadtievden 1930 and
1975, after 1975 it began to increase at a rapid rate.

Because other developed countries did not simultaneoxpBrince similar changes,
it is hardly possible to attribute them to the sharp increagshe price of oil which
occurred in the mid-1970s. This raises the question of hal suturning point can
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be explained.

The previous observations suggest that after 1975 the gtlvd®en the super-rich
(top 1% of the households) and the rest of the population hdengd rapidly in
terms of income and wealth. Moreover other forms of socigirentation occurred
at the same time.

e Holding companies and other “absentee landlord” strustwtech as hedge
funds, investment funds or private buyout companies cbatr@ver increasing per-
centage of firms and corporatioffs.

¢ Infant mortality rate data suggest that in spite of the sse@d the Civil Rights
movement of the 1960s the divide between the African-Anagricinority and the
rest of the population was not substantially reduced.

e The so-called “white flight” of the middle-class populatioward suburban
areas and the rapid development of gated communities brabglit a new kind of
spatial segregation.

e The development of communication infrastructures (eleatpower grid, in-
terstate railways and highways, suburban subways) hagdalgghind in the last
decades. In addition air travel is hampered by congestionaaty large hubs and
by the segmentation of the airline industry (in spite of asmilation process that
occurred in recent years). Such factors may have reducddrites of spatial inte-
gration.

A highly successful nation

e Inthe decade 1901-1910 the United States won only 2 Nobatincluding
one for Peace to President Theodor Roosevelt) which repex$8.2% of the prizes
awarded. In the decade 1919-1928 the American share doiblegPo but remained
modest with respect to other industrialized countries. (&grmany: 22%, France:
12%, UK: 12%). If we now move up to the decade 1981-1990 we ssawiation
where the United States completely outranks all other camtits share of Nobel
awards has jumped to 49% while the share of Germany which gomesecond
position is only 8.2%. The situation is almost the same indbeade 1999-2008
with a share of 52% for the United States and only 8.0% for tKealich comes in
second position.

Moreover, in all academic ranking of world universities @téwver the criterion) there
Is an overwhelming proportion of American universitieshe top 50.

4Due to the financial crisis which started in mid-2007 therey in@ a temporary change in this trend; whether or not
this shift will be permanent depends on the duration of thescr
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e With corporations such as Microsoft, Google, eBay or Wikiip&® the United
States is in a monopolistic situation for the computer anériret industry. There is
a similar situation in agribusiness and biotechnology whHems such as Monsanto
enjoy a near monopoly.

e The American film industry and TV channels are present wade®.

e The American industry has more world class brands than amgr aountry,
e.g. Coca-Cola, Disney recreation parks, MacDonald faxt festaurants, Starbuck
coffehouses, Nike and so on. General Motors and Ford aremrésrough their
subsidiaries in many countries worldwfde

e In terms of military capability the United States enjoys aerwhelming dom-
ination. In 2007 the military spending of the United Statdsioh reached $ 500
billions represented 45% of the world total and was abouirh@d the spending of
China which came in second position. With the advances nmmaftlastern and Cen-
tral Europe during the past 20 years the network of Americditany bases (over
700 worldwide) is more extensive than ever.

e During the whole period of the Cold War the United States vids & suppress
Communist movements worldwide. Itis true that the Vietnaar Wiarked a setback
but it remained isolated (there was no domino effect) antiéneind a clever policy
was able to outmaneuver the Soviet Union.

In short, here is a country that is highly successful in wiaat loe called its high end
achievements but reveals symptoms of neglect and fractugeaas-root level: top
research is thriving but high school education is struggl#imerican corporations
are highly successful but the real wages of their employeedexclining, the world-
wide extension of US armed forces is unparalleled but atdheedime it has become
a separate, closed-off and self-sufficient entity withia American society. The US
foreign policy is highly successful at worldwide level bbetrelations between the
Federal government and many of the 50 states are becomirggstramed.

Such a picture would not be surprising in the case of a dwigddiolonial empire
when falling income from colonial possessions brings aladigcal and social crisis.
Such was more or less the case of the UK after World War |l. éndresent case,
however, we are facing a completely different (and, to myt kmewledge, unique)
situation.

65The founders of Wikipedia make the claim that their founafats based on international cooperation which is prob-
ably true; nevertheless, close to 100% of its donors are Aiauerat least for those who are not anonymous as is the case
of over 50%.

%6For instance in the cafeterias or meeting places of manynésgauniversities there is a wide TV screen which is
exclusively broadcasting CNN programs.

67The non-military aircraft division of Boeing has tried a #iam operation by sharing the manufacturing of the 787
Dreamliner among half a dozen countries. This policy in \white core company provides only the design has made the
success of Coca-Cola for decades; it is obviously more diffto implement for more complex products such as cars,
ships or aircraft.
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Greater income inequality

First we consider four graphs which document a major chamtfesiincome pattern.
e The first graph shows that there was a drastic change arouf@l 18 the 3
decades before 1979 the growth of earnings was shared taiigrmly by all in-
come groups. As a matter of fact, the lowest income groupfiiedehe most and
the highest income group the less. It can be recalled that i1980 the marginal
tax rate in the highest tax bracket was 70%; subsequentigstiowered to 35%.
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Fig. 7.1 Change in the income pattern in the United Stateg\fter 1979 substantial income increases were
confined to the highest income groups and particularly tadpel% componentSource:“Wealth and Democ-
racy” by Kevin Phillips (2002, p. 138); primary sources: Hwmic Policy Institute, Congressional Budget
Office.

e The second graph presents basically the same evidence. fhatbetween
1965 and 1978 the income of workers and chief executivesrpssgd at the same
pace but after that the two lines separated: the (curremjregs of executives in-
creased by 180% while those of workers increased only by 6R#de that in the
following 20 years the growth of executive pay was even fagte an illustration, in
2007 Barclays paid its president more than $ 40 million (Tidependent 9 Novem-
ber 2008). In relative terms such levels of earnings ardairta the income of dukes
and prices in former times. Moreover executives are preargo at great length to
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keep such privileges even to the point of putting their comypt risk. The article of
the Independent cited above mentions that Barclays shusiddy the British gov-
ernment to avoid being forced to curb bonuses. Instead thie fy@ferred to solicit
the (hypothetical) aid of Middle Eastern investors.

Real income of corporate chief executives —
Real income of hourly-paid production workers s
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Fig. 7.2 Change in the income pattern in US corporationsA growing gap developed after 1978ource:
“Wealth and Democracy” by Kevin Phillips (2002, chart 3.2pyimary source: “The Economist” June 1989.

The two previous graphs were taken from a book by Kevin Risiléntitled “Wealth
and Democracy”. Itis interesting to note that Phillips watose adviser of President
Nixon.

e The third graph compares wage level and strike frequency.s&¥ethat after
1975 real wages decreased while at the same time the numsieiket fell dramat-
ically.

e The fourth graph provides a comparison between the UnitateStand three
other industrialized countries. It shows that with the gassexception of the UK
which presents a similar (but less marked) trend the othentcies do not show the
same evolution.

Leveling off in education trends

The next graph highlights abrupt changes in educationadfre The lowest line
refers to the percentage of high school graduates, the tthttve percentages of
PhD degrees conferred annually. How can we interpret tlaghg? The stagnation in
PhDs may have several causes but a fairly obvious factoeigtbility of middle-

class families to pay such long studies. The decrease irdugbol graduates may
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Fig. 7.3 Consequence in terms of earnings of the loss of inflnee of American labor unions. There has
been a dramatic decline in the number of strikes after 198@l Rages reached their maximum in 1973. After
this date the largest part of GDP was absorbed by the growtbrekalary earnings (e.g. income from financial
assets, real estate profits, etc.) the share of which iredefiem 35% in 1950 to 55% in 2004&o0urces:
Statistical Abstract of the United States; Website of théddBartment of Labor.

be related to another effect namely the high inflow of unethecanmigrants.

Abrupt increase in the trend of incarceration rate

The next graph documents a rapid increase in the incaroaredte after 1975, an
effect which at first sight seems unrelated to the previoasighs. The homicide rate
Is showed mainly for the purpose of comparison. It is true thia rate was high in
1972 when incarceration began to pick up but it was also mdt®B2. It is probably
a general rule that crime tends to increase when economdaitamrs become diffi-
cult. In the years after 1932 the homicide rate decreasetsél (without a jump in
incarcerations) as economic conditions became betteedent years incarceration
rates continued to increase even after homicides had fiadlek to their level of the
1960s.

Change in the trend of infant mortality
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Fig. 7.4 Income inequality in several countries.Vertical scale: share of national income earned by the 0.1%
of the households with highest income. The data are basedcomes reported to the fiscal administration;
they represent incomes before the payment of income taxesxaiude capital gains. Under an egalitarian
distribution of income the top 0.1% would earn 0.1% of natidncome. According to the present graph their
share is in fact 20 larger in 1970 and 60 times larger in 188irces: US, UK, France: Piketty and Saez
(2003); Japan: Moriguchi and Saez (2004).

The last graph also seems fairly unrelated to the previoas.dhshows the evolution
of infant mortality that is to say mortality between birthdaone year of age. Infant
mortality is a kind of synthetic indicator of various soc@inditions such as the
health of the mother, her working conditions, the healtbinef the home and so
on. This graph shows the US rate relative to a sample of thitesr endustrialized
countries chosen fairly randomly. Surprisingly, in thegaet case the change in the
trend occurred as early as 1950. Itis in the 1960s that tedoetame higher than in
the reference countries. In 1975 the ratio was equal to Juttthbre is no change of
trend as in the previous graphs.

Increasing segmentation of the American society

Why should one focus on social segmentation?
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Fig. 7.5 Number of high school graduates and PhD in the Unite&tates A marked change in the trend of
both curves occurred around 1968-1975. These changesssuggetwo transformations took place simulta-
neously: (i) A contraction (at least relative to total pagidn) of the upper middle class who previously had
furnished a large part of PhD graduates. (ii) A widening & ploorest segment whose children leave school
without graduating. It can be observed that in contrast higin school and doctorates, the proportion of Bach-
elors has continued to increase albeit at a rate that is enththn during the decades before 19%0urces:
PhD: Statistical Abstract of the United States; high schg@duates: Barton (P.E.) 2005: One-third of a
nation. Policy Information Center Educational Testing\Bee.

| have already mentioned that the federal tax rate was grestluced for rich people
in the late 1970s that is to say approximately at the time wherphase transition
happened. The increase in income inequality is a clear gigreater social segmen-
tation. In this respect, the changing attitude of the feldgmaernment was certainly
an important factor. During the New Deal it can be said thatRbderal Government
sided with the workers and the middle class. It is in his fasnaddress of 7 April
1932 (that is to say at the beginning of his first electoral gaign) that Franklin
Roosevelt introduced the notion of the “Forgotten Man”:

“These unhappy times call for the building of plans that tgxin the forgotten

man at the bottom of the economic pyramid.”

This was not only rhetoric but was matched by sweeping redorMany of them

were blocked by the Supreme Court especially during Rodtsetiest presidency.

For years the Wagner Act which gave so many new rights to weided unions was
not accepted as law by the employers because they expetbdokitnullified by the

Supreme Court.

However, such an explanation would suggest that the whoteemdepended upon
the personality and political choices of American presidenn short Roosevelt
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Fig. 7.6 Rate of incarceration and homicide rate.The marked increase in the rate of incarceration after
1975 resulted in a reduction in the homicide rate which beganind 1990. Between 1930 and 1955 the
homicide rate fell fairly steadily; this fall seems to haitdd or no connection with the (small) increase in the
incarceration rate that occurred between 1925 and 193boltid probably be attributed to the improvement of
living conditions during the New Deal era. In 2008 the averagst of housing a single prisoner was $ 46,000
ayear (i.e. $ 3,800 a month, a figure which is higher than th@ianepersonal income of full time workers in
the United States (The Independent, 15 February 2088)rces: Statistical Abstract of the United States.

versus Reagan. It would be a very anthropomorphic explamati

It might be tempting to attribute some of the changes thatsted above (i.e. lower
educational achievements, higher infant mortality) toitleeease in income inequal-
ity. Strictly speaking that would be a mistake however. bBdldt is rather the fact
that real wages stagnated or decreased which made livindjtmrs more difficult
for low income people. If all incomes had been increasingital/at different rates)
that would have made the greater inequality almost bearable

A closer inspection shows that the segmentation due to irdnaguality is only one
(albeit a major one) of many symptoms of segmentation in thee#can society.
From the perspective of physics it makes sense to examindeipee of segmen-
tation for we know that (at least in physical systems) théective properties of a
system are determined by its interactions at molecularanitlevel. Segmenta-
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Fig. 7.7 Ratio of infant mortality rate in the US (or UK) to the rate in three other countries. Infant
mortality refers to the mortality of babies between birtld @me year of age. Because this variable reflects
health care and living conditions in all social strata, it@sidered a significant indicator of social welfare.
The graph shows that in the 1950s there was a change in the tidre new trend displays a growing gulf
between the US (and similarly for the UK although to a smali¢ent) and other developed countri€urces:
Statistical Yearbooks of the respective countries.

tion basically means less interaction. Listing segmeortef@ctors is a fairly indirect
method for assessing interaction strength but so far nerheatthod seems available.

Persistence of the Black-White divide

One might think that in the wake of the Civil Rights movemethts divide between

African-Americans and the rest of the country progresgivelrrowed. Complete
integration can be considered to be achieved when thetstatisdicators of the

minority population become the same as those of the totallptipn, that is to say
same average income, same infant mortality, same pereaeonfagpllege graduates
and so on. Here we examine one of these indicators, namalytinfortality. Fig. 7.8

shows that instead of decreasing the gap rather increaseslisTreally a surprising
result because for other aspects (e.g. higher educatierga narrowed.

Perhaps is this result in some way connected with the falctdnie examine in the
next section
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Fig. 7.8 Ratio of infant mortality rate of the minority to the total population for three countries. The
purpose of the graph is to assess the progress in the degnéegration of the minority. Somewhat surprisingly,
in spite of the success of the Civil Rights movement, thers Nithe progress in the United States (at least in
terms of infant mortality).Sources: Statistical Yearbooks of respective countries.

“White flight”

For over 3 decades a phenomenon commonly referred to ase“Wigiht” has lead
middle-class people to move from city centers to distantigudn areas. In fact the
phenomenon is more a move away from poverty: indeed it coscdl middle class
groups whether White, Hispanic or Black. This point is exkpaa in the following
article: Jego (C.), Roehner (B.M.) 2006: White flight or fligiom poverty. Journal
of Economic Interaction and Coordination 1,75-87. Thidfligas transformed many
city centers (e.g. Atlanta, Cincinnati, Detroit) into destsed areas.

Gated communities

Simultaneously, the development of so-called “gated comti@s” has provided a
new form of self-chosen segregation. Gated communitieprarate areas in which
new owners are accepted only if they fulfill certain condiiso In large-scale gated
areas like retirement communities, there may be local stoestaurants and busi-
nesses all within the secured area of the complex. As thiemat fairly difficult to
define precisely the statistics provided by the Americanditty Survey are uncer-
tain. However, an Internet key-word search shows that énis is used quite com-
monly as a commercial argument by property developers (tadember 2008):

e “gated community”: 3,870,000 websites found by Google

e ‘“exclusive gated community”:137,000 websites

e “upscale gated community”: 25,300



122 Lecture 7

e ‘“charming gated community”: 4,600

The self-sufficient world of US Armed forces

Since the end of World War Il military and veterans live in arldavhere many ser-
vices are provided by the army: stores, schools, hosp#ptst installations, funeral
services, vacation resorts. In short, the personnel of thetthed forces lives in a
kind of huge gated community.

Dwindling role of social organizations

In “Bowling alone” Harvard Professor Robert D. Putham doeuts the loss in mem-
bership of many civic organizations. Putnam uses bowlingremxample. Although
the number of people who bowl! has increased in the last 2Gsyé&a® number of
people who bowl in leagues has decreased. More generallysdgethe data of the
annual “General Social Surveys” to show an overall declngrganization member-
ship.

Gap between employers and employees

As noted eatrlier, the role of the unions has declimespite ofa fall (or stagnation)
of real wages. In other words the quasi-disappearanceikéstcan hardly be in-
terpreted as an expression of satisfaction. The pointherdhat unions provided a
bridge and means of communication between employees anldgenpso that their
guasi-disparition has cut off this link. In a sense the pnesend can be seen as a
return to the situation which prevailed during the 19th aent We do not yet see
the high level of confrontation between workers and empieyéhich marked this
century but it is probably in the making.

Aging and underfunded transportation infrastructures

The Penn Central’s bankruptcy in 1970 was the final blow tgibaul private-sector
passenger train service in the United States. The troultlecbandoned most of its
remaining passenger rail service, causing a chain reaatnoong other railroads.
The federal government stepped in and, in 1971, createdakimdr virtual govern-
ment agency, which began to operate a skeleton service trathkes of Penn Central
and other US railroads. After private-sector reorganiragfforts failed, Congress
nationalized the Penn Central under the terms of the RadilRavitalization and
Regulatory Reform Act of 1976. A subsequent attempt to er€mrail in 1987
lead to failure in 1999. In short, there remain only few (fagbsolete) lines for pas-
senger transportation by train in the United States. As@trdsansportation by car
(including buses) and by air became the two most common fofrtransportation.
More details about the process which lead to the neglectaosit transportation can
be found in Jones (2008).
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The bus system operated by the Greyhound company is efflmiefdr some reason
it is little used by middle-class people.

A good part of the road infrastructure is aging and defici@B6 of bridges in the
United States (i.e. about 80,000) share the same “struigtdegficient” rating as the
bridge that collapsed in Minneapolis in August 2007. In &ddi an equal number
are “functionally obsolete”. Of course, to make sense ohsiata one would need
to compare them with similar data in other countries.

Ownership by “absentee landlords”

Between 1947 and 2000 the assets of American mutual fundspaspartion of
GDP has been multiplied by a factor of the order of one hurfresiutual fund
giants such as Fidelity Management and Research (FMR),Maddsroup, Capital
Research and Management or State Street, are the majohslines (with percent-
ages over 5% and up to 15%) of many large American corpomation

The term “absentee landlord” became widely used in the 18ftiucy in relation

with English owners of large Irish estates. The term “abs&htefers to the fact
that these owners spent most of their time in London or in vacaesorts of the
French and Italian Riviera. More fundamentally it refergtie fact that they were
only interested in short-term financial returns. Becausg tiad no knowledge of
and no interest in the problems of their estates, they wdueteant to spend money
on investments that would have brought a return only in thgit@rm. The stewards
who managed the estates had of course a better knowleddgeglyuere powerless
as far as investment decisions were concerned.

The situation is similar for holding companies, mutual fsied private buyout com-
panies. Their interest in the companies that they own igicesd to immediate
financial return®. Moreover, because of their lack of empathy they are in theesa
position as Stanley Milgram’s instructors (see lecture bdwflicted painful shocks
on their subjects without much hesitation.

This can be illustrated by the attitude of employers witlpees to fatal accidents in
the workplace. According to an investigation performed diyrpalists of the New
York Times (Barstow 2003) it appears that over the period2i2802 there were
2,197 cases in which fatal accidents were duédliberateviolations of safety laws

%8More details can be found in Roehner (2006, p. 270).

9This situation is plainly apparent in economic and finane@bspapers. Very little attention is given to the technical
issues faced by companies. Ninety percent of the contemtvisteld to questions about mergers, acquisitions, chariges o
top executives, stock prices, bond issuance and other fadassues. Moreover all these topics are considered intayig
compartmentalized way. Thus, until recently it was notizeal that problems in the real estate sector can have antmpac
on financial markets. Even nowadays it is hardly ever redlihat the main engine of an economy is the income earned
by employees. If this income is depressed through large éeedorts of cheap labor there can be no sustainable domestic
demand. This point was discussed in more details in chapter 4
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by employerg’. Even more revealing of thBeitgeistwhich prevailed during this
period is the attitude of the federal government.

e Only 1,242 of these 2,197 deaths were ever investigatedéfetteral “Occu-
pational Safety and Health Administration”; moreover, 8%®of the cases that were
investigated OSHA declined to seek prosecution.

e Former OSHA officials say that those who were pushing for gcason were
hardly ever rewarded and in some cases they were penalized.

e When Congress established OSHA in 1970, it made it a misdeonéao cause
the death of a worker by willfully violating safety laws. Theximum sentence, six
months in jail, is half the maximum for harassing a wild bugsmall donkey) on
federal lands.As a result, the average prison term per werkleath was only 5
days.

The fracture between management and workforce is not omigfiaafor employees,
it also results (as suggested in the third lecture) in poalv@jlefficiency. This means
that in the long term such a system can hardly survive if cditgoe are allowed to
emerge.

Even though the previous observations point to a deeperittgeaivide between
employees and employers in recent decades this should ndtbgreted as a steady
and linear trend. There was already a broad divide in the d&tkury which to some
extent narrowed in the first half of the 20th century. As amsiltation of the turn
of mind which prevailed in the early 20th century one can ttigefollowing excerpt
from a Federal report on industrial relatidfis
The lives of millions of wage earners are subject to the tdaneof a relatively
small number of men who are totally ignorant of every aspéti®industries
which they control, except the finances, and are totally nooemed with regard
to the working and living conditions of the employees in #oxustries.

Reduction in national solidarity

One of the main roles of government wether at federal or &t is to facilitate
and improve the life of the citizens at the collective lev@lhis can take various
aspects: (i) providing free facilities such as schoolsgdsparidges, police, and so on
(ii) ensuring a decent life even to the poorest citizens bgdistribution of income.

In the last two decades two factors contributed to redudimgyrole.
The first factor was the neoliberal ideology itself which geamed that the role of

The total annual number of fatal workplace accidents is 85@00.

"IAs opposed to felony, a more serious criminal act. Pettyt thedstitution, vandalism, public intoxication are misde
meanors.

?The excerpt is from the “Final Report of the Commission orulstdal Relations” and is cited in Boyer and Morris
(1955). As a case in point the report includes the copy of decatbdressed by J.P. Morgan from his castle at Aix Les
Bains (France) as to the necessity of a low wage scale.



Phase transition in the US 125

governmemt should be limited to its most basic functiong.(earmy, diplomacy,
police) and that the poor should help themseltes

The second factor is the erosion in tax-income at both fé@dewh state level. This
erosion should be attributed to the change in tax rules tealveady mentioned but
also to the development of tax havens.

Inareportissued in 2005 the “Tax Justice Network” esti&btat global tax revenue
lost to tax havens exceeded $ 255 billion per yéaActually, when compared with
the budget of the United States which is of the order of 2,dD@ts, 225 billions
IS not a big amount. The main point is that there has been d deielopment of
tax havens during the past 20 years and that this evolutibrcentinue unless the
government of the United States changes its stance on th to

Conclusion

We have listed gaps and segmentation effects at differeetslgspatial, social,
economic) and between various social agents (rich-poaGiBWhite, employers-
employees). It can be expected that these cracks will rasditferent effects and
consequences depending on the sector where they arisertlwhtely, we are not
yet in a position to predict such effects. It can be hopedhlgadiving closer atten-
tion to such issues we will be able progressively to improue understanding of
such effects.

The real estate lending spree was a direct (but not necessargequence of the
trends that we outlined. As shown in the section about “Whigit” the move to
suburban areas continued but in recent decades stagnatidgdlining) real wages
made it difficult to buy new houses unless affordable loansewpeovided. As one
knows such loans became available in the period 2000-2007vidmy had adjustable
interest rates which means that they were affordable onipguhe first years of the
loan. They would have been manageable if in subsequent veayss had experi-
enced a substantial increase. On account of the sluggisteise (or even decrease)
observed in the previous decades this was a bold and fairbalistic assumption.

It is quite possible that it will be feasible to ease and brimgler control the US
debt through an inflationary process. Inflation is a powetdol for erasing debt.
It has been used with great success in Germany (a procesk widiiminated in the

3Such a narrow conception of social solidarity was alreadgvalent in 19th century England. Revealing of this
orientation was the institution of the workhouses. In ottdaget shelter and meals, poor people had to carry out alysurdl
useless tasks such as beaking stones. Similarly in Indiagiperiods of famine men,women and children had to break
stones in order to get relief. For more details see Nash (1&@dLongmate (1974).

"The source is: “The price of offshore”, Briefing paper (Ma&905). It is true that this figure was contested by the
“Center for Freedom and Prosperity”. However, the fact thist organisation was created to lobby legislators in favou
of market liberalisation and offshore financial centersgasgs that it cannot really be trusted.
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hyperinflation of 1923) as well as during the New Deal wheHakeed many farmers
facing bankruptcy to reimburse their loans.

However, inflation alone will not fix the cracks that we listedthis study. As an
illustration consider the following example. In late 200&mg states were facing
large tax shortfalls. In marked contrast with the federalegoment, states have
balanced-budget requirements. In such a situation therée&wo policies.

e One may increase taxes especially for rich people who candckiid pay them.
This is what was done during the New D@all

e One may increase the price of public services.

As shown by the following excerpts it seems that most stedags hhosen the second
policy.

According to the Center on Budget and Policy Priorities,dldd states face budget
shortfalls this fiscal year (i.e. April 2008 — March 2009) exh Many took the steps
of cutting services and raising fees. Around the countatessupported colleges,
universities and community colleges have already incekdasgion or announced
plans to do so next year. Tuition has increased as much asdii%dergraduates in
Florida’s university system, 14% in Rhode Island, 13% inb&lima, 9% in Kentucky.
California’s two public university systems warned thatituni could go up 10 percent
next year. This comes at a time when families can least affmm@ased tuition. As
a result many young people may have to renounce going togeolle

Needless to say, the effect of such a policy will be to widendracks. This stands
in stark contrast with the massive college funding that wasided to World War II
veterans in the late 1940s.

"SAdvocates and mouthpieces of the neoliberal ideology terprésent the income tax as an oppressive institution.
However, when seen from the perspective of social inteyadsi it not a major expression of social solidarity in the sam
way as Federal aid to the poorest states is an expressioti@fialssolidarity at state level.



Lecture 8
Media interactions

Bertrand Roehner
Institut for Theoretical and High Energy Physics
University of Paris

Lecture given at Chuo University, Tokyo, 27 November 2012

Abstract In recent years there have been several theoretical akemptodel con-

sensus formation, notably by Prof. J-P. Bouchaud. In suctietsaall players con-
tribute by spreading their own view and consensus evegteatlerges as a kind of
collective effect. An alternative model for reaching quasanimity is to assume
that one agent has a sufficiently strong voice to make his prewalil.

Which one of these models best describes the current statertaf media?

In order to answer this question we will analyze severalifipapisodes which were
especially selected to allow a clear distinction betweasé¢hcontrasting models.
Among the evidence that will be considered one can ment®following cases: An
incident at a nuclear power plant in California, electianRussia, events of 8 August
2008 in Georgia, the elections of 1996 and 2012 in Russiaebel campaigns of
Audi and Toyota cars in the United States in 1985 and 200%ctisely.
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CONTENT

(1) A case-study of media omissions: Onofre nuclear
reactor
(2) US newspaper articles published in non-
American newspapers: the examples of China, France
and Japan
(3) What happened in Georgia on 8 August 20087
(4) Election accounts: Japan (1946), South Korea
(1948), Russia (1996, 2012)
(5) Events which disappear on historical records:|the
case of the uprising and crushing of the Russian Parlia-

ment.
(6) Quantitative evidence
(7) Discussion
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“Nothing can now be believed which is seen in a newspaper. He kmows
nothing is nearer to truth than he whose mind is filled witlsédloods and er-
rors.”

Thomas Jefferson, Letter to John Norvell, 11 June 1807.

A case-study in media omissions

Statistical physics versus socio-political systems

Researchers, especially econophysicists who try to extenchethods of physics to
the investigation of social phenomena, often wonder whatlag major differences
between social and physical phenomena. In such discusiersis an important
factor that is almost always omitted. It concerns the waynpheena are recorded.

In physics it can happen that the published results of anrerpat are not correct,
but it is exceedingly rare that researchers deliberatglytardoctor, bend or alter
their results. This would be considered as extremely seritauds by the whole
community of researchers.

In contrast, news about social events are most often biasaak way or in another.
In some cases this bias is very serious. We will see seveaahgbes in this lecture.
This implies that in the social sciences one should not blitrdst the data. Caution
must be exercised. The data must be submitted to a critieshigvation. If possible,
several sources should be used and compared.

An approach in the spirit of statistical physics postuldked all participants play a
role but that each of them plays onlgmallrole; none is able to decisively influence
the whole system. By tracking the distorsions in news actsotivecomes quickly
clear that the interaction between media is not of this kimdthe media industry
there aranacroplayersaand, as will be seen, their actions havgl@bal effect on the
whole system.

One of the most common sources of bias, and also one of thediffostilt to de-
tect, is theomissionof specific events. An recent example is described in the next
subsection.

Missing information about the Onofre nuclear reactor incident

After the Chernobyl accident back in April 1986 it was saidpimbly with good
reason, that the public was not told the entire truth aboaitrdidioactive pollution.
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Similarly, after the Fukushima accident it was said that tapanese government
withheld crucial information and did not well inform the didb

In France there has not yet been a serious nuclear reactdeatbut the same critic
was made about some past incidents, including the Cheraabident.

If underreporting of nuclear incidents is observed so fesly, would it not make
sense, instead of blaming the Soviet, Japanese or Frenlcbriies, to recognize
that this kind of reaction is common &l countries and governments?

Perhaps there are exceptions, you may think. Well, so fat hdt find a single one.
Here, the latest example that | found.

Around 30 January 2012 there was a serious problem at thearugbwer plant
located at Onofre in Southern California. So serious wagtbblem that the reactor
has been shut ever since and that it will probably not be ntesktdefore one or two
years or perhaps will be closed definitely. One would expech @ serious incident
to be mentioned on the first page of US newspapers such as #ve YNrk Times”
or the “Washington Post” or the “Los Angeles Times”. Was & tase?

Well, not only was the news not on front pages, but in facteinsg that there was no
account whatsoever. You can easily check by yourselvesihyg tise search engines
for former articles that are available on the websites af¢hsewspapers. The key-
word “Onofre” does not give any result in late January antiydagbruary 2012. For
instance, in the Washington Post there is not a single adiobut the Onofre nuclear
plant between 2 November 2011 and 14 March 2012; even mopeisagly, the
article of 14 March does not say anything about the incidéB0alanuary.

The only newspaper where | found some information aboueesnt was the “Seat-
tle Times” (the city of Seattle is located in the state of Wagton on the west coast).

On 31 January 2012 Southern California Edison issued ans¢giiesaying “there has
been no release in the atmosphere”. However, on the folgpmorning a second
statement said that “a small amount of radioactive gas doaNe escaped” without
giving any data about the magnitude of the release.

In a general way, any statement saying that the amount afaiative pollution was
“small” but without providing any data, should be regardathvguspicion. Why?
If some underestimated data were given it could later bellbas being a lie or
at least an inaproppriate mistake. When using words sualy™ti'negligible” or
“small” there is no similar risk because such words do noetaw objective defini-
tion.

Here is a summary of the incident which (eventually) appdare¢he “Washington
Post” in October 2012.
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Excerpt of an article in the Washington Post (9 October 2012)
The problems at San Onofre center on four steam generatarsvidre installed at San
Onofre during a $670 million overhaul in 2009 and 2010.

The trouble began on 31 January 2012, when the Unit 3 rea@srsivut down as a pre
caution after a break in a tube carrying radioactive wateacds of radiation escaped at the
time, but officials said there was no danger to workers orlrimigs.
Unit 2 had been taken offline earlier that month for mainteearbut investigators later
found unexpected wear on hundreds of tubes inside steamagersein both units. Tests
found some tubes were so badly corroded that they couldrfdipassibly release radiation.
The Onofre power plant has 3 reactors that were started 8, 119B3, 1984 respectively.
The unit no 1 was closed in 1992, that is to say after having beeperation for 24 years

The Onofre incident was not the only one although it was thetreerious.

One day before the incident in California the Byron reactmated 150 km north
west of Chicagolost electric power from an off-site sourées the circulation of
water was stopped, the temperature began to rise. Alongthathemperature, the
pressure of the steam began to rise. Thus, the operatoeseelsome steam in the
atmosphere which contained tritium, a radioactive gas. ddmepany said that the
tritium was not at “unsafe level”. Once again, no data wevemi

Between 1975 and 2000, there were 9 steam generator ingidiemtar to the one
at the Onofre plant in American PWR (Pressurized Water Repstactors. To my
best knowledge no data about the amount of radioactive selaee available for
these incidents.

Worldwide influence of US media

Articles of US newspapers published in foreign countries

The “Japan Times” and the “Yomiuri Shimbun” are two Japardssky newspapers
who publish English editions. AlImost every day and paraclylduring the weekend
these newspapers carry articles published previously im&l&spapers such as the
“New York Times”, the “Washington Post”, the “Los Angelesni@s” or others.
“China Daily” does the same in its weekend edition.

Although itis not an English-language newspaper, the Freegespaper “Le Monde”
[i.e. “The World” does the same in its weekend edition. Iistbése the articles are
of course translated into French.

Two things should attract our attention from the perspeadivthis investigation.

e There is no reciprocity in this process in the sense that & heaver seen an
article from “China Daily” or “People’s Daily” published ithe New York Times.
Nor did | hardly ever see articles from the other newspapers.
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e One can of course understand that English language newspapat to re-
produce articles published in English-speaking countrieso, they could also use
articles from Australian, British, Canadian or New Zealawthy do they limit them-
selves to US newspapers?

Nowadays, few people read newspapers. TV has become a muehimqmortant

media. However, the same observations apply to TV prograrhe. TV programs

broadcast in Japan, China or France contain a large numl#enefican series and
films. Once again, this is not a symmetrical process in theesémat | have never
seen a French, Chinese or Japanese TV program broadcastadrabisels.

Of course, cultural infuence is not something new. What g, inlewever, is the fact
that this influence is skillfully used as a political publedation tool. As we will see
this has far-reaching implications.

A personal recollection about fog in Beijing

On Friday, December 9, 2011, while being in Beijing, | reeelthe following email
from a French friend. She wrote:
Mardi dernier [6 December 2011], la presse a aneame pollution battant tous
les recordsx PEKIN parlant d’'un nuage e@mement toxique ce qui a entrain
I'annulation de vols, etc.
Translation: Last Tuesday, French media announced rdmaaking pollution
in Beijing due to an extremely toxic cloud which, among otk#ects, lead
indeed to the cancellation of many flights.

Not surprisingly after reading such news my friend was veariabout my health!
As | had seen nothing of this supposedly toxic cloud, | begawander whether
there were two Beijing cities, one in which the journalistsrevliving and another
where | was staying.

What did we see in Beijing?

We saw fog. As one knows, fog is nothing else than small degppf water. As

a matter of fact, at ground level the relative humidity of thereached 75%-80%
which means that water droplets can be formed above the droiiconfirmation

of the fact that this supposedly toxic cloud was just fog was éxtension of the
phenomenon. The fog was not limited to the city of Beijing drehjin but extended
to the whole area between Beijing and Shanghai includingctumtry side. This
widespread fog lead to the cancellation of many flights.

What were the titles in US newspapers about this incident?

In the 5 days between 5 and 9 December 2012 there were 6 aftcie by day) with
the key-words pollution+Beijing and 44 with the key-wordslption+China. Here
are some excerpts.
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e Smog grounds flights in Beijing (New York Times 5 December201

e “Anger grows over air pollution in Beijing” (New York Times Becember
2011).

e “An air monitor atop the United States Embassy building peaptaking new
readings for much of Tuesday, with reports of hazardouslENew York Times
6 December 2011).

e Growing public anger at the chronic pollution in Beijing aBikese take to the
Internet to complain (New York Times 7 December 2011).

e Residents are angry about the severity of fine-particleupoh in the capital
and the government’s lack of transparency (New York Timeartudry 2012).

Having been in Beijing for several 3-month periods betwe@d82and 2012 (always
in fall) I can hardly understand that | didn’t see anythingloé “chronic pollution”
mentioned in one of these articles. In fact, most of the tingesky is blue. In spite
of the fact that the campus of Beijing Normal University wiéstay is not far from
the city center, | have never seen as many butterflies as themetimes there were
one or two hundreds butterflies (belonging to different ggmoon a single flower
bed of a few square meters.

There is no doubt that in March-April winds coming from theseic areas in the
north west of Beijing can bring sand particles but | never samething of that kind
in fall.

Although | have been puzzled by this kind of media frenzy fams time, it is only
very recently that | decided to give it a closer look. Two @astcontributed to this
decision. First there was the feeling that these frenzy aneginpaigns have become
more frequent and widespread than they had been so far.

Next, two recent experiences that | will describe now brdawadiout the idea of writ-
ing the present paper.

An exhibition about the history of French newspapers

The spark which lead me to writing this paper was a visit thgetvith Prof. Aruka
and a group of German and Japanese social scientists, ohartex held at the
French National Library in Paris. It was a historical repestive about French news-
papers. Their accounts at some critical moments such asilit@rynoccupation by
Germany in World War 1l or the war in Algeria inevitably ratsthe question of how
accurate and trustful newspapers really are.

This was in July 2012. However, this question had alreadwact#d my attention
4 years before, more precisely on 8 August 2008, the operaggtithe Olympic
games in Beijing.
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8 August 2008 in South Ossetia

On that day there was a major event in Georgia. In the follgvdays, the accounts
given by French media were particularly unclear. For instanthe media reported
that then Prime Minister Vladimir Putin declared: “It is agedy. Hundreds of
people have been killed”. However, they did not say who weegieople who were
killed nor who killed them. As the only hard fact reported lne$e media was a
Russian intervention the public could only assume thatelm@ople were killed by
Russian troops.

How can we learn the truth?

The situation was so unclear that | decided to devote soneettira closer investiga-
tion. First, | read the New York Times but it turned out to héive same ambigous
account as French media. Of course, the most promising sevgpe Russian me-
dia. There are (at least) two media published in Russia tleainaEnglish, namely

the “Moscow Times” and the English version of a Russian neyenay. Although

the “Moscow Times” was an opposition newspaper, its accauast much different

from what | had read in western media. In particular, it expd who were the peo-
ple who were killed and by whom they were killed. They atttémithe fatalities to

the attack made by Georgian troops against the city of Tskhim South Ossetia. |

will come back to this in a short moment.

Quasi-unanimity of western media

This episode made me realize that the quasi-unanimity obfgan media was just
echoing the position of the US State Department.

The heavy American involvement in Georgia at that time amdstinong support it
was giving to the Georgian government can of course explathe accounts given
in US media were biased againt Russia. However, France @hime can be said
for that matter of all other European governments) had noiap@aterests to defend
in Georgia. Why then did all these media follow the line setd§ymedia?

Beijing media

This was not just true for European media. In early Septe/20@8 | came to Beijing
for a 3-month stay at Beijing Normal University. During myagt| watched CCTV
9 (now called CCTV New?) Although in 2008 Russia was a close ally of China,
the CCTV accounts of the events of August in Georgia werecblgithe same as in
Europe, that is to say there was much talk about the Rusdianv@mtion and almost
no mention of the Georgian attack that started the war.

The Tagliavini fact-finding mission for the EU

’6CCTV means China Central Television; it is an English spegijovernment channel.
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Needless to say, the Georgian and Russian governmentsgawdifferent accounts.
Very often in such cases it is almost impossible to know wioich is correct. How-
ever, in this specific case it is fairly easy to find out becatngeCouncil of the
European Union set up a fact-finding mission headed by Swésndat Heidi Tagli-
avini’to investigate the case.

The report published one year later by the Tagliavini misgevailable on the In-
ternet at http://www.ceiig.ch/Index.html) left no douhtthat it blamed Georgia for
starting the war with Russia.

Heidi Tagliavini. Excerpt from the Tagliavini report
“Open hostilities began with a large-scale Georgian
military operation against the town of Tskhinvali and
the surrounding areas, launched in the night of 7 to 8
August 2008.

Georgian claims of a large-scale presence of Russian
armed forces in South Ossetia prior to the Georgian of-
fensive could not be substantiated by the mission” the
report concluded.

The real story of what happened in South Ossetia

First one must recall that South Ossetians declared indigpee from Georgia in
1990, calling themselves the Republic of South Ossetia. Gdmrgian government
responded by abolishing South Ossetia’s autonomy andjttgiretake the region by
force. This led to the 1991-1992 South Ossetia War. On Jarfyak991 Georgian
troops entered Tskhinvali. As for most civil wars this ledttter fighting with many

atrocities committed by militias on both sides. In 1992, gogernment of Georgia
and South Ossetian separatists reached an agreement whadhtbe war. However,
in June 2004, the Georgian authorities tried to bring therelgack under Thilisi rule

by establishing an alternative pro-Georgian governmanbéuth Ossetia in Thilisi.

The events of August 2008 were a replay of the two previowsgits made by the
Georgian government to retake control of the province. &nrtteanwhile, the US
State Department had gained an ever increasing influencetm/&eorgian govern-
ment and the Pentagon had sent advisers to train the miiitafthe police.

From July to early August 2008 Georgia together with som8Qd American troops
conducted a military exercise named the joint US-Georgramédiate Response
2008. Russia organized a similar exerecise at about the tame

On 7 August 2008, Georgia massed some 15,000 troops ingludirtanks on the

""Having previously reported on the war in Chechnya (see hek hibeichen der Zerstoérung” [signs of destructions])
Ms. Tagliavini had certainly no reason to be supportive of$ta
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Ossetian border and in the first hours of 8 August 2008 theseérstarted a massive
attack. On the same day, 12 Russian peacekeepers werekitlatearly 150 injured.
Heavy fighting was reported in Tskhinvali for most of 8 Augusith Georgian forces
attempting to push Ossetians slowly from the city. As thet@seesistance was
stronger than what was expected by the Georgians they eddorheavy shelling of
the city which lead to many fatalities among the civilianfie$e are the “hundreds
of people killed” mentioned by Vladimir Putin. We now undarsd that for western
media it was impossible to say how these people were killddsgrnbreaking the
whole story.

By the afternoon of 8 August the Georgians had captured nfoBskhinvali, but
were unable to take the northern quarters, where they weeéimgeneavy resistance
from Ossetian militia and Russian troops, including reg&assian forces arriving
from the Roki Tunnel. The Georgian troops were also unabtake the control of
the roads leading from the Roki tunnel to Tskhinvali. Russigecial units reportedly
prevented Georgian saboteurs from blowing up the Roki Tunviach could have
hindered the sending of reinforcements to South Ossetia.

The fighting reached a turning point toward the evening of L@ust, when Russian
and Ossetian troops were bolstered by Russian reinfordsrirem the Roki Tunnel,
and counterattacked. Georgian forces were cleared out sf aid skhinvali, and
forced to retreat to the south of the city.

At the outbreak of the war 127 US military trainers were pnese Georgia. Addi-
tionally many of the 1,000 US troops who had participatechm ilitary exercise
“Immediate Response 2008” were still in the country but thetéd States stated
that they did not participate in the conflict. However, with7ladvisers present in
the Georgian army it is of course difficult to imagine that Bentagon had not been
informed about Georgian reconquest plans. Probably thisadveven offered some
helpful suggestions. After all, that was their role.

Reactions to election results

This is an interesting class of cases because it involvegigabbne or two cases but
dozens. All such cases have very similar outcomes:

e Every time a faithful US ally (or party) is elected, the elentis deemed by
US media to have been “reasonably democratic” no matter velagtonditions had
been. In some cases, when the evidence of fraud is all tog oleaeports are given
and the election is just ignored.

e On the contrary when a candidate (or party) critical of thetéth States is
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elected the election is invariably described by US mediaeasgomarred by massive
frauds or at least as being suspicious.

The key point here is that in the examples given below thd lgigen by US media
Is accepted uncritically by the media in other countries.

almost all historical accounts made subsequently, eithéra US orelsewhereeach
election was catalogued under the label decerned by US media

A case in point is provided by the elections of 1996 and 201Russia.

Before the election of 1996, president of Russia Boris ¥ehsd an approval rating
of only 3% (see below for more details). On the contrary, id2%ladimir Putin
had an approval rating of some 70%. Yet, in the days followirgse two elections,
western media decided that the election of Boris Yeltsin beeih honest and fair
whereas the election of Vladimir Putin had been marred bysimadraud. More
details will be given later on.

In what follows the previous rule will be illustrated by a noben of examples. But
first of all it must observed that among the many ways throulichvan election can
be made unfair, one of the simplest and most effective is éognt the opposition
from taking part in the electoral process and to authorizéesd a straw opposition
which poses no real threat whatsoever. This technique bagitrantage of attracting
little attention because it can be implemented well aheatth®@felection at a time
when foreign media pay little attention.

Election of 1946 in Japan.

Any candidate had to undergo a screening process which aedmvhether or not
he had been a militarist. Needless to say, the borderlinedsst patriots and mil-
itarists was not always clear. Although the screening wasinally implemented
by a Japanese commission it was controled and supervisdaeby$ occupation
authorities.

This process appears with particular clarity in the caselufd Hatoyama.

On May 5, 1946 General MacArthur issued a directive deajaiaiiro Hatoyama,
former Minister of Education and leader of Japan’s largestyp the Liberals, an
“undesirable person” on the eve of his nomination as the Rexte Minister. The
order excluded him not only from Premiership but also frondimg a seat in the
Diet or any public office. The directive came as a surpriseabse the pre-war
activities of Mr Hatoyama had been well publicized in eanieeks (one should re-
call that prospective candidates were screened with reagdheir former activities).
A few days earlier a spokesman from Headquarters even eizpdabat General
MacArthur would accept any of the elected party leadersHerost of Prime Min-
ister. Former Prime Minister baron Shidehara had alreaftynmed Emperor Hiro
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Hito that he intended to recommend Mr Hatoyama as the next biegovernment.

Ichiro Hatoyama was far from being a vocal opponent of thaddh&tates. In 1946
this would have been impossible. Why was he discarded? liffisult to know
exactly but one may think that he was found not to be suffityertoperative.

Election of 1948 in South Korea.

The slogan used by US and western media to describe thisogleeas that it rep-
resented the first free election in the 4,000-year long histd Korea. This slogan
was repeated again and again to the point that it became ¢eptad truth.

As an example, one can mention the following excerpts froraréiole published in
the US magazine “National Geographic” (Chetelat 1950).

e Caption of a picture: May 10, 1948: South Koreans flock to tbksgdor their
first free election in their country’s history (p. 793). Thase sentence also appears
twice on p. 780: “The American Military Government gave atilities to permit
the Korean people to have a really free election”. “For thet fime in Korean history
a free election was to take place”.

¢ In Pyongchang [in the north-east of South Korea, some 80 luthsaf the 38th
parallel] a full 99% of the registrants voted (p. 789).

e The only serious incident in my gun [an administrative suisibbn in Korea]
was the shooting of a Communist by Korean police at Poll No. B2ring the
previous night a band of roving troublemakers had come stroth the Russian
Zone and clashed with a Korean patrol (p. 789).

Was the author just naive? Probably not. He was not a jostrialit a US adviser
who had been working in Korea for over a year.

Incidentally, a previous article published in “Nationaldgeaphic” about Korea was
written by Lieutenant General Hodge, the Commander of U§son Korea. Enti-
tled “With the US Army in Korea”, it appeared in June 1947.

Before closing this section one must shortly explain whg #lection was not fair.
A more detailed account can be found in Roehner (2012).

First, it must be observed that all opponents (and in pdaidhe Communists) were
either in prison or in hiding. As a matter of fact, this eleatis a good illustration of
the effectiveness of the candidate pre-selection teclkeniqu

Secondly, many Koreans were uneasy about this electiorubedhey understood
that it would solidify the division of Korea. Yet, they wererted to get registered
and to vote under the threat of losing their food card prgake This is not merely a
rumor, it was recognized by the Korean Chief of police in aerview with an US
officer.
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Elections of 1996 and 2012 in Russia.

Election of 1996:

In the New York Times of 8 July 1996 appeared an article writtg Condoleezza
Rice. One can remember that she was an academic expert iet 8story before
becoming US National Security Advisor in January 2001 anct&ary of State in
January 2005.

She says:

The election saw Mr. Yeltsin’sonvincing victory The election, both process and
outcome, suggests that a nascent democracy is taking rdtaseia. Yeltsin had
some backstage help from American campaign advisers. Aatabserver could be
excused for confusing the Russian [electoral] campaigh ant American one.

Here is what observers think today of this election. Theofeihg excerpt is from
Marie Mendras: Russie I'envers du pouvoir (2008, Odile bxct’ élection de juin-
juillet 1996 sera la premreélection postcommuniste ouvertment malheten[The
election of July 1996 was the first one in the post-Commumsstleat was blatanly
rigged].

Indeed, it is said (July 14, 2011 on a blog of the Financial@ray Charles Clover)
that in 1996, Boris Yeltsin had an approval rating of only 3%der Boris Yeltsin,
oligarchs were allowed to run TV stations and to fund pditisarties. They mas-
sively supported Yeltsin and have said on the record thatgloal was to get Yeltsin
a second term by any means necessary.

In February 2012, on the occasion of the publication of thielde of Boris Yeltsin,
President Dmitri Medvedev declared that in fact it was naigweltsin who won the
election of 1996 but his opponent, the Communist Gennadgagav, who promised
a return to the stability of the USSR.

Was there really a revision and reversal in the mainstreatorga account of the
1996 election? No. The persons that we cited are a small ityndts proof, one
can mention that in the Wikipedia article about Gennady Anay there is a section
about this election but it does not even suggest that theyehanze been fraud.
“Yeltsin gained most from the elimination of the many smigtlarties and the support
of Alexander Lebed and eventually won the two-man showdowB38% against
40.3%". There is also a Wikipedia article specifically dexbto the election of 1996
which does not have a single word about possible ffaud

"8However the article in French mentions the fact that therg Inaae been massive fraud. “Cette élection présideatiell
fut la premire démocratique dans I'histoire de la Russist{soviétique actuelle méme si elle fut entachée dedfzau
massives, a tel point que l'issue véritable est conts®er [This was the first democratic election in post-Sdvigtsia
although it was marked by fraud so massive that the real owtds still in doubt.] Incidentally, it can be observed that i
July 2011 over 50% of the Russian GDP was still generatedatg-stwvned companies.
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Election of 4 March 2012:

As | was in France at that time, | followed this election thghuthe comments of
French media. In spite of the fact that independent opinals gredited Viadimir
Putin with an approval rating of some 70%, there was muchitalkrench media
that the election would be marked by fraud. Then, immediaatier the election
French TV channels began to show footage of ballot boxeglstuifed with ballots
and at the same time there were demonstrations by opponéantslaimed that the
election had been rigged. This, however, lasted only 2 ory3.d&hereafter, there
were official statements in particular by the US State Depant recognizing the
election of Vladimir Putin. Simultaneously, the allegasoof French media stopped.
What had happened? Why did the media campaign not contirlueddseen the case
after the election of June 2009 in Iran? We will probably mdueow.

In any case, the media’s historical account of this eledtias become rather posi-
tive. For instance, Wikipedia says that in spite of somersedgm®ns, “Organization
for Security and Cooperation” observers assessed thegvortithe election day pos-
itively overall. However, one should recall that the votitgglf is only one part of
the electoral process.

Elections in Egypt under President Mubarack.

According to the Wikipedia article entitled “Elections img¥pt” there were 3 main
elections during the Mubarack presidency.

(1) The presidential election of 7 September 2005. It wakeathby a turnout of
23%.

(2) The parliamentary elections of 15, 26 November and 7 e 2005. Ac-
cording to official records, the average turnout for the 3wdsiwas around 23%.

In the New York Times there were almost no reports about tlectien.

(2) The parliamentary elections of 28 November and 5 Decer2®0. Official
figures of voter turnout in the first round set voter partitipaat 35%; for the second
round, voter participation was reported at 27%. These fggst@nd in stark contrast
to those put forth by independent observers which are beti8éo and 15% for
the first round, and even lower for the second round. (Ashve¢l&n: Egypt's
International Economic Forum, Occasional Papers 2: Jgrigdrl.

The New York Times of 12 December 2010 reported that “Presidesni Mubarak
hailed the elections as a milestone” but, overall, theresview articles about these
elections.

Some events disappear from historical records. Why?

In this section we consider the “disappearance” of specints in the sense that
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they are erased in 95% of the accounts to be found on the &iteviie are talking
here about major events which because of their historicglifstance should not
vanish in such a way if the process were really a collectifecefn which all voices
can be heard. On the contrary, in these cases all voices leecwte and the only
version available excludes all “inconvenient” events dratat odds with mainstream
ideology.

1993: Yeltsin’s tanks crush the resistance of opposition & makers

In accounts of the Boris Yeltsine Presidency the failed Amaellion of August
1991 is usually well documented. On the contrary, the egisddOctober 1993 in
which tanks crushed the resistance of opposition membehed?ussian Parliament
gets only scant attention. Although hundreds were killedndpthis repression, US
media considered this show of force as necessary.

In order to document the reaction of the “New York Times” warsbed the database
of its articles with the key-words “Parliament” + “Moscowhd for a time interval
covering 20 September 1993 to 20 October 1993. Surprisitnglse were only 10
articles. The following table lists the first sentences ahemf them.

(1) 22 Sep: Showdown in Moscow. In the past, Mr. Yeltsin andifdaent have
backed away from direct clashes.

(2) 23 Sep: US will speed money to bolster Yeltsin.

(3) The lights were on all over the Russian Parliament bagdonight. Groups
of men, some with guns hung about the lobbies.

(4) 5 Oct: Tanks and troops loyal to President Boris N. Ye#doday crushed an
armed uprising by his opponents.

(5) 16 Oct: Russian papers have not been allowed to appeze Bin Yeltsin
declared martial law in Moscow after the pitched battle ambtine Parliament.

It can be seen that no regrets were expressed for the lossesf lin fact, as every-
time when something embarassing has to be reported, the MawTy¥nes opts to
say very little. We have seen the same attitude about thetlagyelections under
President Mubarack.

The last article mentions a “pitched battle”. According toanline dictionary, this
Is supposed to mean a fiercely waged battle fought by troopgposing formations
and orders of battle. Can the struggle of men fighting tankk light weapons be
called a pitched battle?

Clearly, President Yeltsin had to be supported at all codtthe “New York Times”
faithfuly followed the political line set by the State Depraent.

A more detailed account of these events is given in the faligvoox.

Several similar cases of forgotten events could be merdioriéhe following list
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Brief account of the Moscow massacre as seen by the New Yonkdi

New York Times 5 October 1993

The Parliament building, known as the White House, was shbiédwuge explosions from 125-millimeter
shells fired from T-72 and T-80 tanks. As crack airborne tsoopnducted a floor-by-floor assault, hur
dreds of legislators, defenders and supporters began dilingf the building shortly before 5 pm.

Russian television showed Ruslan |. Khasbulatov, the dadnt chairman, and Aleksandr V. Rutskoj,
a former general who is the Vice President, grimly boardifgus. About 30 prisoners, including Mr,
Khasbulatov and Mr. Rutskoi, were taken to Lefortovo Prisocentral Moscow where, the Interfax news
agency reported, they missed dinner. Mr. Khasbulatov andRdtskoi were given neighboring cells and
granted smoking privileges.

There were no immediate reports on the total number of dedhdvannded, but Russian television showed
rows of corpses outside the White House. Only three peopte Wiked in the coup attempt in August of
1991 against the President of the Soviet Union, Mikhail Stb@chev.

Russians across the nation sat glued to television setshingtlive coverage by CNN relayed on Russian
channels. Footage of a huge burst of smoke from the first casinell, which demolished Mr. Khasbula
tov’s fifth-floor office, was repeatedly replayed.

Occasional firefights were reported around the city betweeRkgis of Parliament supporters and special
police units, the most intense at the offices of the newspislipscow Komsomolets.

Mr. Yeltsin moved quickly today to solidify his power. In d@tidn to ordering the arrests, he banned some
opposition parties, including the Communists and natishakganizations like Pamyat. He also closed
many opposition newspapers, including Pravda, the formgaroof the Communist Party. Mr. Yeltsin
was also reported to be preparing a decree to deal with theti@dgional Court, a panel he created early
in his presidency to safeguard citizens’ rights. Underfligiagnan, Valery D. Zorkin, the court turned intg
a center of political opposition. The measures were likelggread unease among Western and domestic
libertarians.

Box 1. Excerpt of a New York Times article about the assault The article tries its best to give a benign
picture of the crackdown. One learns that in their prisonl¢laelers of the movement missed dinner but were
given smoking privileges. However, no estimate is giventfe number of people killed. The official death
toll published subsequently gave 150 killed but non-offiegtimates go into several hundreds. The New York
Times even accepts the severe restrictions on politicatifven such as the dissolution of major political parties
and of the Supreme Court as well as the closing of major nguespaas being necessafource: Website of
the New York Times.

gives 4 examples.

e South Korea, October 1946. An uprising was followed by thasking of
protestors by US occupation forces. The death toll is notkwewn but run into the
hundreds.

e Thailand, Bangkok, October 1976. Massacre by armed fonedgight-wing
groups of people protesting against military rule. As thetgstors were mostly
students the massacre was followed by a sweeping purgevarsities.

e South Korea, Gwangju, May 1980. Uprising and subsequerdacas of protestors
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by armed forces. Estimates suggest up to 2,000 people maydey.

e Thailand, Bangkok, May 1992. A military crackdown on 20@Qfmonstra-
tors resulted in an undetermined number of deaths (thealftieath toll Of 52 men-
tioned in the Wikipedia article being probably an underreate), many disappear-
ances and over 3,500 arrests. Many of those arrested wanestbr

With the exception of the Gwangju massacre, there are omy brentions of the
other events in the English Wikipedia articles. The firstnéve not mentioned at all.
The fact that the Gwangju repression is better documentiagigely due to the fact
that president Kim Dae-jung who was elected in 1997 had beestad and tried in
1980 which lead him to encourage an investigation of thik gage of South Korean
History. Between 1980 and 1997, any mention of the massaasgvohibited.

Response to an objection

In what precedes we emphasized the ability of US media (tbbowfed by other
world media) to represent events in a way that is consistéhttive wishes of the
Department of State. An objection comes to mind however. Vdbaut the Abu
Ghraib scandal?

e \Was it not revealed on 28 April 2004 during a program of the WSchannel
CBS?

e As this episode was hardly to the advantage of the Unite@$Sthies this reve-
lation not show how independent and courageous the US metlially are?

This is indeed what can currently be read on most websites.

However, the real story is quite different. As a matter of tae “revelations” made

in the program “60 minutes” of CBS were what the Pentagors @lidamage con-

trol” operation. This expression means that as the tortiory svas about to be made
public anyway (in fact it had already been spread among ypohakers and media
directors) it was preferable that the announcement be mada dmerican media
rather than by British media or by the International Red €rdss a matter of fact,

CBS (as well as other US media) had been informed about thrig séveral weeks

before it was made public.

What allows us to say that the story would have become puhblgvay? It is the
fact that several months before 28 April 2004, statemerdstbrture in US prisons
were made by several organizations.

e In November 2003 the Iragi Minister of Human Rights, AbdelsBat Turki,
alerted US administrator Paul Bremer that serious viaatiof human rights were
committed by US soldiers on Iraqi prisoners. As he got noydp@ eventually gave
his demission on 8 April 2004.
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e In areport given to President Bush in February 2004, thecthireof operations
of the International Commission of the Red Cross (ICRC)yrei&raehenbuehl,
described abuse of prisoners (kicking and striking witresifkeeping naked in com-
plete darkness, and so on) by US Intelligence. The repaitthat these were not
isolated acts and that they were not limited to the prisontmi &hraib. It was rather
a broad system. In fact, this report was a summary of what le®®ad been saying
to US authorities on many occasions between March 2003 anekith of 2003.

e On 19 January 2004 an investigation was opened by the “Cadhliaint Task
Force” in Irag. The conclusions of this investigation beeaknown to the British
government and to US media by the end of February 2004. Fraamtbment,
the main objective of Washington was to convince the Amaearijeablic (including
US Congressmen) and the international opinion that Abu Bhwas an isolated
phenomenon due to special circumstances and to a few imeaple persons.

e In fact in the CBS program of 28 April only a short (and fairiypprecise)
account was given. What triggered this “revelation” was fédet that the weekly
newspaper “The New Yorker” was about to devote a fairly dedaarticle to this
story.

This article which appeared on 30 April 2004 was written byrBeur Hersch, an
investigative journalist who had already played a key-nokhe revelation of the My
Lai massacre back on 1969.

Hersh was called by Richard Perle, an American defense@gtte “closest thing
American journalism has to a terrorist” but this judgmemtascorrect. In fact, Hersh
was able to get interviews with many intelligence officerowbbviously, would not
have been willing to talk to him if they did not expect some goesults. Indeed,
in his articles Hersh tells the whole story exclusively framAmerican perspective.
By so doing, he comes to find good reasons for using tortureerhighasizes that
this harsher methods were (in his own words) a “success’stotlye sense that they
permitted to win the battle against the Iraqgi resistance.

At no moment does he try to estimate how many prisoners weteréal, or how
many died while being tortured either in Iraqg or in the othiaicps (such as Egypt or
Romania) where torture was used by US interrogafors

In his article of 10 May 2004, he expresses much sympathyhbfficer who was
in charge of the Abu Ghraib prison and reports her statemsaurding to which:
“living conditions now are better in prison than at home. Aegoint we were
concerned that they [the prisoners] would not want to |€aadairly weird claim.

In short, even when they investigate episodes that the Begpartment would pre-

In his article of 20 May 2004, Hersh justifies the fact thatsthénterrogations were done abroad by saying that it
would have been too dangerous to bring these terroristetbitited States, a rather strange argument.
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fer not to come into the media, journalists like Seymour Hexe tolerated by the
system because, in spite of their critics, they remain plattie system and can on
occasion be quite useful. Whenever their articles happdispease the US author-
ities, their stories are just discarded as being far fetched

What about the Internet?

It is often said that the Internet provides a means for ggthformation from differ-
ent sides and different countries. Although this is bakidalie, one must observe
that in recent times there has been a tendency to make infiormeass available. Let
me just mention two facts.

e There used to be total free access to all articles of the New Maes published
in the Internet era thatis to say since 2002 or so. Receh#éyadcess has been limited
to 10 by month.

e Did you ever come across one of the following messages whieig @écGoogle
Internet search?

This website has ben deleted by Google due to a legal request

Opening this website may damage your computer
Incidentally, | opened several such websites (after agk@mmission from our system
administrator) and no damage occurred to my computer.

Such limitations may likely increase in the future.

Regarding the Internet one can of course observe that inohdse world it is com-

pletely run by US organizations and companies: one neegd@mhention Google,
Wikipedia, AMAZON, e-Bay, Linkedin, Worldcat and so on. Imgd respect the only
major exception seems to be China.

A guantitative approach

So far, our investigation remained at a purely qualitatexel. This was essential
for the following reason. If the accounts made in differeatiatries were so to
say “neutral” (assuming that neutral accounts are at akliptes it would not really
matter whether what we read comes from one country or frontheno However,
in the previous sections we have seen that most accountoaneutral. Once we
know this, it becomes important to know the origin of the neWsis is easier for TV
and movies than for newspaper articles. Indeed, newspajaes always rely on
information from news agencies but it is difficult to make @agldistinction between
the respective contributions of the journalist and the pamformation from news
agencies.
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For music, movies or TV programs it is easier to know wherg tieeve been pro-
duced. Sometimes, especially in TV programs, the origmatifge is complemented
by interviews carried out in the country where the programr@gadcast in order to
make it look more indigenous.
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Fig. 8.3 Respective market shares of French and US movies irrdhce. We were not yet able to find
detailed data for the 30 years between 1945 and 1975. Hesmare indications: between 1945 and 1955, US
and French films both had a market share which fluctuated keetw@% and 45%. Then, between 1955 and
1975 the share of French films increased to about 55% whilshhee of US films fell to around 35%, with
European films representing a substantial share compresteeebn 15% and 20%. In 1973, the market share
of US films reached its lowest point with 20%.

It can be noted that in 1946 in order to get a loan from the dr8ttes, France had to open its market to US
films; however, one quarter of the time was still reservedremEh movies (for more details see the Wikipedia
article about the Blum-Byrnes agreement).

Sources:

http://www.screendaily.com/news/europe/french-cer@uimissions-hit-45-year-215-million-high-in-
2011/5036125.article

http://lisa.revues.org/1626

http://www.robert-schuman.eu/questienrope.php?num=sy-58
http://fr.wikipedia.org/wiki/AccordBlum-Byrnes

http://www.allocine.frlcommunaute/forum/voirmessags refmessage=20341814&nofil=355915.html

In March 2000, 56% of the series shown on French TV channels m@duced in
the US; only 25% were produced in France. In Germany the ptiops were 57%
and 35% respectively, and in Italy 64% and 18%. The sourcthése numbers is:
http://www.crtc.gc.calfra/publications/reports/di@arama3.htm.

According to the website http://lisa.revues.org/1626 0042, the market share of
American films in Europe was 70%. It was 84% in the UK, 78% iniBpé&2% in
Italy, 47% in France.
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In Japan, the data for the period after World War Il were aev (Seagrave 1996,
p. 215, 255):

1950: 40% , 1957: 30%, 1958: 21%, 2001: 51%, 2002: 73%, 208%. 6

In India the market share of Indian films is 90% which mean$ #merican films
have a market share of less than 10%.

In the United States, the market share of all foreign films %¢4sn 2000.

Growing concentration in the media industry

In themselves the high degree of concentration and the bytwdwhlization trend
cannot explain the uniformization (almost a quasi-unatyithat we have described
in the previous sections. After all, in all major countriksite are still national media
groups which would be able to develop some independentirdbon channels. The
problem is rather that they do not wish to do so.

Similarly, the European Union could introduce a pro-acinicy for developing
an European movie industry. Some 20 years ago there havesbesnattempts in
this direction, in particular with the realization of anitiwe movies. It seems that
instead of going forward in this direction the European Cassion has decided to
scrap these early attempts. One may wonder why.



Chapter 9
Questions, challenges and prospects

In this chapter | summarize a number of open issues and cig@ewhich arose in
the course of the previous lectures. In the last sectiortledti s| describe
three possible directions for future research which mayndhe way to a cumulative
process of exploration.

Questions

(1) In the third lecture we have seen that less than 1% of tbeisp developed
colonies in which a large number (say more than 1,000) oviddals live perma-
nently*together? How can one explain that there are so few? Do theiespim
which this occurred share some common characteristic?

(2) The previous question can be stated in an alternativa.f@onstructing nests
or cities, supplying them with enough food, eliminating tegsand dead individuals
requires a substantial amount of work. What was the initi@mhetion force which
nevertheless brought individuals together and made thespathese additional in-
puts of labor even before they could benefit from the socrabwations that “urban”
centers would bring about?

(3) In chapter 4 we have seen that in the case of marriage®ibiited States
(and probably in other countries as well) the associatiorstant (for first marriages)
decreases steadily between the age of 30 and 55. It woulddresting to under-
stand why this is so. Is it because single people have lessmets to meet each
other when they become older, or is it because the perceofageetings which
result in marriages becomes smaller?

(4) Inchapter 4 we have seen that the dissociation constaainotably higher for
African-American couples than in the total population. STsuggest weaker marital

links. Also one know& that there is a close connection between suicide rates and

the strength of marital links. This leads one to expect tfatan-Americans should
have a high suicide rate whereas in fact the suicide rate focak-Americans is

80This qualification is important to distinguish them from teenporary gatherings of birds or grazing animals during
their migrations.

81This connection has been shown Bgile Durkheim in his book on suicide. It was confirmed by #iddal tests in
Roehner (2007, Part III).
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more than two times smaller than in the general populatioow kan this paradox
be solved?

(5) Some 50 years ago murder and suicide rates in Ireland atexenuch lower
level than in neighboring countries such as the UK or Fralzé.during this half-
century these rates experienced a tremendous increase & cen in Fig. 8.1.
Can one explain this transformation in terms of a weakenfrepoial interactions?

(6) In addition to the trend at national level shown in Fig thére has also been
a kind of social disaggregation at microsocial level in tkese that in a number
of areas vandalism, crime and anti-social behavior greatppanded. This is for
instance the case in some of the suburbs of Limerick (in th&t wilreland), e.g.
Moyross, Southhill, St Mary’s Park, Ballinacurra-Westdrhe following examples
illustrate this kind of behaviét.

e Buses were stoned.

e In 1996 there were more than 2,200 syringue attacks in Duafiraverage of
6 a day. The article of the British journal “The Independgi@'July 1997) which
reported these data was entitled: “Dublin muggers bringptdo the streets with
blood-filled syringues”. More than 10 police officers haveeetabbed with sy-
ringues. Among recent victims is also the Lord Mayor of Dab{Councillor Bren-
dam, who needed hospital treatment for hand injuries agalabkled thieves who
threatened him with a syringue. In subsequent years, aiogptd the Annual Re-
ports of the “An Garda Siochana” (Irish Police), the annuahber of syringe attacks
declined steadily from 1104 in 1996 to 221 in 2002 (it can beddhat the figure
of 1,104 is about one half of the figure cited in “The Indeperife This fall can
be attributed to an increase in the prison population andowgal drug treatment in
Dublin.

e Cars, houses, night clubs and hotels were torched withlg®irbs.

e On several occasions in the middle of the night the windowsokes inhabited
by peaceful families were shattered by a hail of bulletspsegly for no obvious
reason.

e Workers who came to repair broken water hydrants were leakter

e Between 1997 and 2003 there have been 40 killings in Lim&tickssuming
that this figure is for the area including the suburbs whichdaopulation of about
90,000 one gets an annual rate of 6.7 per 100,000 which ig &doues more than

824 list of crimes and incidents which occurred in the Limeraiea since May 2006 can be found on the following
website: http://newswire99.blogspot.com/2A0601 archive.html
One striking characteristic of many of these incidents &sybung age of the perpetrators. Here is an example. On 16
September 2008 a 12 year-old girl stole a van at 3 am and drbwéhie police station of Henry street where she beeped
the horn in an effort to taunt the Gardai [name of Irish Pdlioto chasing her. The Gardai then gave chase to the girl out
of the city center and eventually managed to corner the vémeiiGarry Owen area. The girl rammed a police car before
being pulled from the van and arrested.

83Source: The Sunday Business Post Online, 23 November 2003.
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the national average. The average annual suicide rate 882005 was 17 per
100,000, about 1.5 times higher than the national average.

It is known that high crime rate and anti-social behavioo&scurred in other coun-
tries, for instance in Detroit, Michigan, in Glasgow, Seatl or in suburbs of French
cities (e.g. Paris or Lyon). But in those cases factors sa@maconomic slump or
a highly heterogeneous population seem (rightly or wrongilyprovide easy expla-
nations. What makes the case of Ireland particularly pngzind interesting is the
fact that no factor of that sort can be invoked.

e During the period 1990-2007 Ireland has enjoyed a periodredtigeconomic
prosperity*

e At the census of 2006 Limerick’s population of non-Irish pkowas only 12%
85 and the population of people from non-European Union coesitwas only 1.9%.

So the case of Ireland suggests that the “obvious causels’asuegnemployment and
highly mixed population, after all are perhaps not the reaises. In any case, for
Limerick (and also, albeit to smaller degree, Dublin Westaliernative explanation
must be found. Perhaps will this explanation turn out to appbther places as well.

Challenges

One of the main challenges is to make sure that what we medsurestance by
one of the methods delineated in lectures 4 and 5, is realgsamate of interaction
strength.

The previous lectures provided a broad introduction but sulasequent phase of
this research we plan to focus more closely on a few issues.obfective will be
to measure interaction strengths $gveralof the methods which were delineated
in chapters 4 and 5. Because we cannot see social links wetar@asure their
strength in the same way as we would measure the length oleadiatine production
of wheat in the United States. All measurements that we havposed rely on
indirect observations: one observesfiectof the interaction (or of its removal) and
then from this effect one tries to derive a numerical indic&br interaction strength.
But the fact that this indicator indeed represents the aatesn needs confirmation.
How can such a confirmation be obtained?

To answer this question it makes sense first to examine h@ptbbblem has been
solved in physics.

841n 2000 the county of Limerick had an unemployment rate o%4.2t is true that in suburbs such as Moyross the
rate was estimated to be 4 times the national average, bdutuksit at only around 15%, way under the 40% or 50% in
French or British suburbs.

85As compared with over 50% in suburbs of French or Britisresitivho experienced similar problems
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Fig.8.1 Murder and suicide rates in Ireland. The two rates were multiplied by 6 approximately; the main
increase occurred between 1970 and 2000. As a matter of cmmpahe murder and suicide rates in the UK
are 1.4 and 10 respectively. By international standargs hates are not particularly high. For instance in the
United States around 2000, the murder and suicide ratesegesd to 5 and 11 respectively. Will the Irish rates
continue to increase in coming decades? In order to be alaleswer this question one must first understand
what brought about the huge increase shown in this gr&phirce: Statistical Yearbook of Ireland (available

online.

Measurement of intermolecular forces in physics

First let us explain why in physics one faces exactly the sdiffieulty as in the
social sciences. The following excerpt from a book whicregia review of meth-
ods for measuring intermolecular forces states this pany ¢learly (Hirschfelder
1967).
“It should be noted that no direct way of measuring interroolar forces is
known. What is generally available are measurements of soa@oscopi-
cally observable quantity having some functional depeadam intermolecu-
lar forces. The problem, then, is to extract informationwhibese forces by
analysis of the measurements.”

Incidentally, it can be observed that interatomic intaoant within molecules are
easier to measure because molecules have well definedusésiethich can be iden-
tified by various techniques such as X-ray scattering oanefil spectroscopy. For
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instance it is known that the molecule of water forms a opegieaof 102 degrei¥.

In contrast, in gases distances between molecules are edtdixd in liquids the
situation is even worse because one molecule can simulialygateract with many
others. For instance in water the molecules form a pattewelid but these cells
In permanence experience large-scale changes and reationmwhich make the
average structure fairly fuzzy. Ice is more stable which g \ywhysicists have been
able to identify several well-defined ice structures. Theeaaf liquids is of particular
interest in relation with social sciences because soaikslare also characterized by
a high degree of variability.

There are several ways of characterizing the strength@fantion between molecules
in a liquid through macroscopic variables.

(1) The boiling temperaturg is an estimate of the kinetic energy (remember that
the temperature is nothing but a macroscopic indicator oeoutar movements)
which is required to make the molecular bonds which exidténitjuid susceptible of
being broken up. Thus it makes sense to think that the badingperature provides
a rough estimate of molecular interaction strength in tteid.

(2) The heat of vaporizatioH gives an estimate of the energy which is required
to transform one mole from liquid state (at a temperatursecto the boiling temper-
ature) to gas state. Thus it makes sense to think that th@heaporization provides
a rough estimate of molecular interaction strength in ttpeid.

(3) The equilibrium vapor pressupe is basically an expression of the number of
molecules of vapor which are present in the air above thedigihen equilibrium is
reached that is to say when the molecules leave the watez aaithe rate as they re-
turn from the air into the water. This variable is connectethe interaction strength
because the molecules which are very close to the surfate dijuid are attracted
downward by the other molecufésand thus, the greater the interaction strength the
more difficult it is for these molecules to leave the liquididiecome gas molecules.
In other words, it makes sense to think that the vapor pregsawides a rough esti-
mate of the molecular interaction strength in the liquid.

The vapor pressure has a direct connection with the evapornate; from the per-
spective of social phenomena it can be seen as expressimg atkdropout rate of
molecules from the liquid in the same way as people drop out forganizations.

These three variables are very different in nature whicleflected in the fact that
they are expressed in different units: unit of temperatdegee Celsius), unit of
energy (Joule), unit of pressure (Pascal). If all three adeed connected to the
molecular interaction strength they must of course be tlaséated. Are they?

86The vibrations of the molecules are so quick that they ares@esl out in all measurements.
87The upward force that they experience is much smaller bedhese are only few molecules above them.
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As an illustration let us answer this question for the allsaGgH» .+, more specif-
ically | will consider pentaner{ = 5), hexane{ = 6), heptane®{ = 7), octane
(n = 8) and pentadecane: (= 15) The data fort, and H are given in Fig. 8.2.
There is not only a clear relationship between the two véggbut also a high linear
correlation: the correlation 5999 and the regression line i$f = 0.1t;, + 21. Thus
this result comes as a confirmation of our assumption thau \aniables are related
to the interaction strength.
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Fig. 8.2 Relationship between boiling temperature and heabf vaporization. All 5 alkanes are liquid at
room temperature. The close relationship between the twahtas confirms that they both express the molec-
ular interaction strengthSource: Lide (2001).

Remark How can one derive the bond energy between two moleas from the heat of vapor-
ization? Heat of vaporization is easy to measure. For water it is efguél kJ/mole,
but what does it represent in terms of molecular intera@titinis the energy corre-
sponding taall the links that a water molecule has with other moleculesshabund
it. This can be checked by the following calculation.

e From the permanent dipole moment of water molecules whigtBi®ebye one
can derive the energy associated with the dipole-dipo&raation: 36 kJ/mole.

¢ In addition there is a London interaction i.e. through (mp@mmanent) induced
dipoles which represents 11 kJ/mole. The total is 47 kJ/mdieh is reasonably
close to the 41 kJ/mole of the heat of vaporizatfon

The next step consists in determining the interaction betwo molecule&®. This

88The same observation holds for other substances. Thusuid laggon the molecules have an interaction energy of
8.5 kJ/mole (solely due to London interaction) whereas tred bf vaporization is 6.7 kJ/mole. In liquid chlorhydridgcc
the molecules have an interaction energy of 21 kJ/mole (¥r3d&le due to dipole-dipole + 17.7 kJ/mole due to London
interaction) whereas the heat of vaporization is 16 kJ/mole

89This will lead to the determination of the potential of irgetion for a pair of molecules. The great advantage of this
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is @ much more difficult step for we need to know how many linkshe water
molecule has with neighboring molecules. Such informatian be obtained from
X-ray scattering experiments but, as emphasized aboveg threeasurements are
tricky because of the great variability of the bonding pa$ein the course of time.
Such experiments lead to the conclusion that each watercalelgarticipates in
4 bonds; since each bond links two molecules there are 4/@a@<per molecule.
Apart from the energy required for breaking the bonds, aqfdhe heat of vaporiza-
tion is required to vaporize (that is to say increase themeluof the water sample.
This part is small however: 2.8 kJ/mole. Another part of tleathof vaporization
goes into cutting the medium range interactions (that weadeepresent by bonds);
this part is small also and we will ignore it here.

Thus, one is lead to a bond energy(éf — 2.8)/2 = 19 kd/mole.

If the previous arguments are correct, there should be by faigh correlation be-
tween heat of vaporization and equilibrium vapor pressardifferent liquids. Is
this the case? A first difficulty is the fact that to define a vgpessure one must se-
lect a specific temperature. Which temperature should deet8dt is fairly natural
to try room temperature (i.e. 25 degree Celsius); the mldbetween boiling tem-
perature and vapor pressure at 25 degree is represented byrtre in blue on Fig.
8.3. There is a non-linear dependence between the two \@siht no significant
linear correlation (by which we mean that the confidencevaidor the correlation
includes 05°.

One may reason that the vapor pressure is highly dependdmvefar one is from
the boiling point. Of course if we take as reference tempeeathe boiling point all
the vapor pressures will be equal to one atmosphere whichngteat this is not a
good solution either. As an intermediate solution we trynagerature of 35% of the
boiling point. This leads to the magenta curve in Fig. 8.3 tlyere is still no signifi-
cant correlation. The present difficulty comes from the fhat it is thelogarithmof

potential function is the fact that it is valid no matter inatistate (gas, liquid or solid) the molecules are. This is thiey
interaction potential is often derived from the virial ciigent B which is defined for gases as:

B(T)=2nN /000[1 — exp(p(r)/ET)]r?dr

(N = Avogadro numberk = Boltzmann constant] = Kelvin temperature).
B can be derived from the Van der Waals parametetsof the gas:B = b — a/(R — T'), whereR is the ideal gas
constanta, b are defined by the state equation:

2
<p + M) (V. —nb) =nRT, p: pressure V : \Volume n: number of moles

a expresses the attraction between molecules; it is equad®for helium, 1.4 for nitrogen and 15 for butane.

9OWhat makes the linear correlation important is the fact ithéte social sciences due to the high level of background
noise it is often the only possible observation. For the radisait is the quasi-absence of noise which enables us to
determine that there is a nonlinear dependence.
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Fig. 8.3 Relationship between boiling temperature and vapopressure. Each of the 5 points corresponds
to an alkane; from left to right: pentane & 5), hexane ¢ = 6), heptane« = 7), octane ¢ = 8), pen-
tadecaner{ = 15). The horizontal scale represents the boiling temperaifithese 5 alkanes. The vertical
scale represents the vapor pressure for each alkane aedtftemperatures (i) at the respective boiling points
(in which case the pressure is of course simply the atmogpperssure) (ii) at 35% of the respective boiling
temperatures (iii) at room temperature (i.e. 25 degreei@gls
Both the boiling points and the vapor pressures are an esipresf the interaction strength but it can be seen
that the relationship between them is no longer as clear B&in8.2: there is no significant (linear) correla-
tion between boiling temperatures and vapor pressureséothree sets of pointdide (2001), http://www.s-
ohe.com/Octaneal.html

o

the vapor pressure which is a linear function of the inteoacstrength whereas the
boiling point is (almost) a linear function of the interaxctistrength.

We have explained this case in some detail because it shawvgibkn in physics
it is not easy to establish a connection between differesicators of interaction
strength. So we should not be surprised to face similar diffes with different
social indicators of interaction strength.

How can this approach be transposed to the social sciendes?s$ue is discussed
in the next section?

Comparing several indicators of social interactions

The main idea is to measure a given type of interactiosdmeralindicators and to

check to what extent these measurements are correlated8.Bigrovides an illus-

tration of this approach that is based oadankerexperiment which means that
although plausible, these data are not real data. The gnapidps a comparison
between two possible interaction indicators, the dropatg and the time spent to-
gether. These indicators have been selected because itl $iepossible to obtain

them fairly easily by contacting clubs and associations.
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Fig. 8.4 Relationship between two indicators of social intactions. One would expect that the two indica-
tors reflect the interactions between the members of thgsmizations. If the indicators were found to be fairly
closely related as in this graph this would come as a confiomaf his graph which is based on hypothetical
(not real) data was drawn in parallel with the graph in Fig. 8.

Prospects

In this section we propose three directions for future resea

e The first one relies on field research in the world of clubs asbeiations.

e The second one is a proposal for a series of field experiments.

e The third one is a study about marriage, divorce and separadi topic for
which many data are available online in different countonesthe websites of na-
tional statistical offices.

Interaction strength in clubs and associations

Let us come back to the graph in Fig. 8.4. How can one collexidtdia needed
to build such a graph? The time that members spend togetihnebeastimated
from interviews with a sample of members. In order to esterdibpout rates one
needs membership numb&rand data giving the numbers of new membars (¢)

910ne must beware of the fact that if there is no subscriptiamivers who leave the association will not unsubscribe
which means that membership data are likely to be inflatedcanapletely unrealistic. In that cases it may be more
effective to record the average number of those who acttedly part in the activity of the association. Such inforioati
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In a given time interval (for instance a year). If memberghplies a (substantial)
subscription then to get the numh&n,(t) of those who withdrew one can just count
the persons who stopped paying their subscription. Whethemmeasures,; or no,
the dropout rate
N(t+1) = N(t) —ni(t) no(t)

N{(t) - N()

will be correct only if N(¢) is a realistic estimate of actual membership by which we
mean that only those who take an effective part in the aigs/ghould be counted.

d(t) =

Naturally, as in all social phenomena one should expect atantial level of “noi-
se’®?, This noise can be reduced in two ways:

(1) By performing observations aeveralclubs of each kind. For instance, in-
stead of investigating only one chess club the same obsamgawill be performed
on 3 or 4 chess clubs. The data point in Fig. 8.4 will then repméthe averages for
all chess clubs that have been studied. In big cities likgirRgiNew York, Paris or
Shanghai there are probably more than half a dozen actiss dhabs which means
that this averaging process can be performed even in stddmes at the level of a
single city?3,

(2) By pre-selecting the clubs to be investigated so that éine as similar as pos-
sible. For instance, alpinism is a broad term which includasy different activities,
e.g. indoor wall climbing, outdoor wall climbing, rock cliing, ice climbing, as-
cension of high altitude peaks in the Alps or in the Himalay&sese activities will
produce different types of links between members and shil@defore be distin-
guished. As shown by this example the pre-selection praeegsres some knowl-
edge and understanding of the activity involved.

The nice feature of the graph in Fig. 8.4 is that it can be driswmany different
places and countries. As most cities have plenty of clubsaadciations of all kinds
it will be possible to repeat this experiment a great numibéinees in each country.
The ability to perform many experiments is the key factor chhwill allow us to
produce robust results.

Influence of conflicts between states on mixed couples

In a novel entitled “The Patriot” which was published in 193@arl Buck tells the
story of a young Japanese who fled Shanghai in 1927 to avaid) lexecuted as a
Communist; his father sent him to Japan where he spent alfoyedrs. Around

will again be obtained from interviews with members.

92This term refers to all the features and circumstances bytwiwo chess club may differ even within the same
country or within the same city.

9%These comments about the reduction of background noisalsdl apply to the other projects. In any new physical
experiment the reduction of noise is an important challeigés is true to an even greater degree for social obsenstio
A more detailed discussion of the issue of noise reductiorbesfound in Roehner (2007, chapters 2 and 3)
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1933 he got married with a Japanese girl. As the military aothtion between the
two countries escalated he experienced a growing ostranisne Japanese society
and at a personal level he found himself subject to two oppbmees: his love for
his wife and his attachment to China. Around 1938 he leavewlie and two sons
and goes back to China to join the Chinese Army in its fightregjalapanese forces.

All mixed (bi-national) couples may experience a similanitiot when a war breaks
out between the respective countries of origin of the pastn€his is an interesting
situation because it allows us to draw conclusions aboutalag¢ive strength of two
forces: the marital bond on the one hand and patriotism oottier hand. If 90% of
the mixed couples ask for a divorce, it would mean that pgdénois stronger than
the marital bond. On the contrary, if only 10% of such coulsls for a divorce, it
would imply that it is the marital bond which is the strongeBhe great interest of
such an observation is to connect two different forces oesan.

The statistics which are needed for this quasi-experimentdata about rates of
divorce or separation in mixed couples by respective natitynof the partners.

Field experiments (in Stanley Milgram'’s style)

For the second example we return to the empty seat experohesntibed in the 5th

lecture. Initially, we considered the case of subway cat$i®isame experiment can
be made as well in other places: waiting rooms in railroatiesta, benches in public

parks or commercial centers, etc. Any situation in whichierere more people than
seats will provide an opportunity to carry out such expentae

As in the previous experiment, it will be possible to repéat experiment in many
different places, countries and conditions. Thus, it wglhien be possible to average
out the background noise.

In the two previous experiments the important point will beshow that the mea-
surements are robust and reproducible because this will tyeway to other ex-
periments designed in a similar way. | am convinced that ceveral experiments
of this kind have been conducted we will see more clearly theer that leads to a
better understanding of social interactions.

Marriage and separation seen from the perspective of chemad kinetics

Marriage, that is to say the association between men and wadswell documented
through vital statistics data and such data are availalvlalfoost all countries. In
chapter 4 we have introduced a simple “model” for this asgmm. Basically, we
have shown that this social phenomenon can be investigadadthe perspective of
chemical kinetics. This parallel enabled us to define andnast association and
dissociation rate constants as well as equilibrium consteBuch a perspective can
be developed in different ways, such as the following ones.
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(1) First it is important to check to what extent the assammtdissociation and
equilibrium constants are equal in different areas or aoest

(2) Itwould be interesting to find historical episodes dgnvhich these rates took
on extreme values, either very small or very high. Tthis wiqurbvide an insight into
main social determinants.

(3) Through comparative analysis on data from differentntoes it should be
possible to understand how these rate constants are deésfrtoy prevailing social
conditions in terms of contact frequency and “effectivesied such contacts.

As in the two previous cases, the investigation of marriaggesbe carried out in
various countries. This will enable us to explore the effenft a broad range of
social conditions. Thus, we are on solid ground for thorocymparative analysis.

First objective and beyond

What should be our first objective?

As in all scientific observations the first requirement ishow that the experiments
arereproducible So, the first (and crucial) challenge will be to establisht tho-
cial interactions are sufficiently robust, stable and (imsowvay) “universal” to be
measured in a meaningful way.

Once this has been established, it is our hope that simudres will be carried out

by other groups of researchers. This would lead tuw@ulativebody of data and

knowledge on which a real understanding of social phenomasmaprogressively

build up. Can the “theory” developed in these lectures hslpowbetter understand
how this process my develop?

As emphasized at the beginning of these lecture notes, miegsocial interactions
must rely on a long-term program covering several decad&periments like the
one described here will prove that such a program is indessiltite.

In the first lecture we described the process which lead tetmergence of quantum
mechanics in the 1920s. The process comprised three stages.

(1) The accumulation during the previous decades of mangraxgntal results
which could not be explained in the framework of classicalgts.

(2) The emergence of the main concepts of quantum mechagtiweén 1925 and
1928.

(3) The applications of the ideas of quantum mechanics toyratrer fields such
as chemistry, astrophysics, solid state physics and so on.

If one tries to apply this “model” to the topic consideredes$e notes one must be
lucid enough to recognize that even the first phase has noegtly begun. There
are currently a number of pioneers in this field many of whomewaentioned in
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these lecturéd. However we are not yet in a phase in which empirical knowéedg
develops in a cumulative way. This is because of two mainoreas

e Empirical investigations represent a tiny percentage afecu publications in
this field. About 90% of the papers are devoted to mathematiodels and theoret-
ical simulations often with little empirical basis.

e Empirical studies are done from different perspectivescWiiars any cumula-
tive process. For instance, while some studies will ingadé the (non weightée)
network structure of a system, others will propose critggitor distinguishing be-
tween endogenous and exogenous factors. Of course, sutibsstontribute to the
same final objective, namely to understand how people iciidoat they are still too
segmented. We are not yet in the coalescence phase in whaateshlts become
connected enough to be confronted and compared. In sheiptéraction between
various studies is still too weak.

When can we expect the coalescence phase to start? Once anogrges which is
simple and promising enough to attract many studies, thasitie of results” will
become high enough to allow consistency checks and conoparig his will mark
the beginning of an accumulation process.

94E.g. Yuji Aruka, Jean-Philippe Bouchaud, Zengru Di, Daviitln, Menghui Li, Sergei Maslov, Jurgen Minkes,
Makoto Nishibe, Didier Sornette, Dahui Wang.

%In contrast, aveightednetwork would represent the strength of interactions betwagents and would therefore be
much closer to the objective pursued in these lectures.
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