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Abstract. Between 950 and 1950, European states experienced four short inter-
vals of rapid social, political and economic change. Each such period followed
the introduction of a macroinvention in information and communication technol-
ogy. Here these two sets of events are linked by a rational theory of revolution
in which the optimal system for producing the information to allocate a society’s
resources depends on the relative importance of fixed costs and network effects.
Variations in these parameters can trigger four types of revolution –contractual,
consensual, preemptiveand prescriptive– each of which captures the essential
features of one of the historical periods of change.
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Introduction

The broad, tree-lined boulevards of Paris today were created in the mid-nineteenth
century, when existing crowded neighborhoods with narrow streets were demol-
ished on the initiative of Louis Napoleon. But the effects of the February Rev-
olution of 1848 and the subsequent coup that brought Napoleon I’s nephew to
power were not confined to urban renewal. In this period began an equally pro-
found restructuring of social, political and economic life in France. The French
state, which had previously confined itself primarily to defence and the pro-
tection of property rights, began to intervene actively in social welfare, health
and education. Rather than depending on the votes of a narrow propertied class,
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it legitimized its acts by obtaining approval under universal manhood suffrage.
Public funds began to be used on a large scale to finance infrastructure such
as railroads deemed necessary for social and industrial development.1 Nor were
such changes confined to France. In 1848, revolution spread from France across
much of central Europe, as people took to the streets in Germany, Austria and
northern Italy. Just as the “Second-Empire” architectural style of the Paris boule-
vards was imitated with a delay in other major European capitals, so also were
the institutions of the liberal state.

What triggers discontinuities such as the 1848 revolutions? This paper sug-
gests that an important element is missing from many previous studies of such
events. Between 1788 and 1846, for example, the total circulation of the principal
Paris daily newspapers increased from under 10,000 to over 145,000 (Popkin,
1989: 145; Bellanger, 1969: 100, 146). More generally, between 950 and 1950,
there were four distinct sets of macroinventions in information and communica-
tion technology (ICT) in Europe.2 Each of these mutations was followed by a
burst of revolutionary social change. Applying a comparative historical approach
based on theory, as recommended by Skocpol (1979, 33–40), this paper explores
the possible links between innovation in ICT and revolution.3

Previous explanations of revolution have difficulty explaining the events of
1848. Indeed, Tilly (1993, 7–9) has argued that there can be no general theory
of revolution. Rather, a revolution is a contingent event: one can only list those
factors that affect the probability of an attempt to transfer state power by force,
along with still other factors that influence the likelihood that such efforts will
succeed. On the former list, he placed tax rates, cultural policies and the power of
rulers; on the latter list, he placed the state’s access to coercion (Tilly, 1993, 237–
242). Yet none of these considerations played much of a role in those revolutions
that were successful in 1848.4

Goldstone (1991) has suggested that the key factor in explaining revolution is
the level of a society’s population relative to its resources. Should a collectivity be
unable to adjust to the pressures created by population growth, breakdown of the
state will occur. He showed that both the English revolution of the 1640s and the
French revolution of 1789 were preceded by a sharp rise in grain prices relative
to wage rates. Similarly, there was a fall in real wages in France and Germany in
1846 and 1847. However, by the summer of 1848 a long upswing in production,
employment and real wages had begun (Craig, 1989, 124). Goldstone’s theory is
less successful in explaining why having weathered the storm, most continental

1 Many French historians hesitate to attribute innovation to the regime of Louis Napoleon (see,
for example Plessis, 1985, 142–143, and Girard, 1986). Nevertheless, a good case can be made for
the emperor as a social reformer (see Borneque-Winandy, 1980, and Miquel, 1992).

2 Mokyr (1990, 294–295) distinguishes between a macroinvention, a new idea intrinsically differ-
ent from existing techniques, and a microinvention, a minor modification of an existing technique.

3 In this paper, technological change in ICT is assumed to be exogenous (for a an idea of how
and why ICT itself evolves, see Dudley, 1999).In this paper, technological change in ICT is assumed
to be exogenous (for a an idea of how and why ICT itself evolves, see Dudley, 1999).

4 The violent uprisings in Hungary and Lombardy-Venetia against Austrian overlordship were not
successful.
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heads of state proceeded to make important concessions in the constitutions they
issued.5

Real wages are but one example of prices whose fluctuations may lead to
social disturbances. Other changes that may cause unrest are those in the price
of public services (i.e. the tax rate), in the price of a financial asset such as paper
money (i.e. inflation), or in the cost of finding a position at the existing wage
rate (i.e. unemployment). More generally, North (1990, 86–91) has pointed out,
the fluctuation of any price may cause the signatories of a contract to wish to
renegotiate it. Sometimes such recontracting may require a change in the rules
by which contracts are specified and enforced. Should the institutions to change
those rules not exist, one or more of the parties may choose to invest in violence in
order to alter the contract. Under this transactions-cost approach, then, revolution
is a response to incomplete institutions. However, such an argument can be used
after the fact to interpret almost any radical change. What it cannot do so easily is
explain why in similar circumstances revolution didnot occur. For example, real
wages in Germany and France had been as low in the years immediately after
1815 as they were in 1846 and 1847, but there had been no threat of insurrection
at that time (Goldstone, 1991, 293).

Basic to each of these approaches to revolution is an assumption of limited
rationality. Societies, it is suggested, tend to get trapped within institutions that
are not necessarily optimal, in the sense that most of the society’s members would
prefer some alternative structure.6 When violent change does occur, the leaders
of revolt may perhaps be considered to be acting rationally, since their expected
gains may outweigh the costs they bear (Tullock, 1974). As for their followers,
however, these theories would suggest that most are acting non-rationally, mo-
tivated by ideology, since the cost of their contribution is likely to outweigh its
marginal impact on their own well-being.

Such arguments can account for inertia over short periods or concerning
questions that are unimportant or unfamiliar to the individual or are removed
from their social context.7 But the persistence of inefficient institutions over long
periods would imply that the majority of individuals are unable to learn from new
information. Otherwise at some point, as the gap between actual and potential
institutions widened, each would realize that a moderate effort on his or her

5 In France, Louis Napoleon was elected president in December 1848 with the support of the
same groups that had supported the July monarchy. Following his December 1851 coup, he issued
a constitution providing for universal manhood suffrage. In Prussia, the king issued a constitution
in December 1848, revised in 1850, that provided for universal suffrage to elect the lower house
of a bicameral legislature. In Austria, the charter issued by the emperor in 1848 was not applied,
but further constitutional documents issued in the 1860s, including the 1867Ausgleichcreating the
dual monarchy, were put into effect. In Piedmont, Victor-Emmanuel II in 1849 confirmed the liberal
constitution granted by his predecessor early in 1848.

6 Kuran (1995) explains the persistence of inefficient equilibria by what he calls “preference
falsification,” the tendency to espouse publicly beliefs that are different from one’s true preferences.
The issue raised by the discussion in this paper is whether such situations are stable when a majority
of people in a society find themselves in such a position.

7 Conlisk (1996, 670–672) reviews the experimental evidence that is inconsistent with the hypoth-
esis of individual rationality.
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part would bring commensurate expected gains. Experimental evidence shows
that when rewards are increased and the social context is taken into account,
subjects do interact in a way consistent with models of optimization (Smith,
1991, 884–888). The example of the 1848 revolutions shows that by acting
together individuals can achieve considerable gains at moderate cost.

In short, something seems to be missing from most previous accounts of
revolution. What sets social and political developments such as those of 1848
apart from numerous other changes in political regime? Hirshleifer (1980) has
argued that there are three fundamental modes of “sociality.” One of these relies
on the principal ofdominance, whereby some individuals attempt to subordinate
others. The defeated individual accepts his submission rather than fight to the
death. A second type of social interaction is based onprivate rights. Potential
intruders tend to respect a possession or a territory that is held by someone else,
knowing that the latter will spend considerable energies to defend it. Such rights
form the basis for voluntary exchange. A final form of sociality is based on the
principle of communal sharing. Under this structure, individuals share resources
with those unrelated to them when there is a high probability of reciprocation.8

A moment’s reflection will confirm that the principal product of the collec-
tive institutions in any society is the information employed to assign resources
to alternative uses; that is, what might be calledallocative information. Indeed,
there is a separate category of such information corresponding to each of Hirsh-
leifer’s three modes of social interaction. In relationships based on dominance,
information consists ofcommands; that is, orders issued by non-representative
groups. For example, one of the most controversial acts of the narrowly con-
stituted government of Restoration France was an 1824 law that compensated
émigŕe nobles for their losses during the Revolution of 1789 at the expense
of government bondholders. In the case of interaction based on private rights,
socially produced information is composed ofprices and transferable titles to
propertywhich provide the basis for market exchange. In 1848, increases in the
price of food resulting from poor harvests seem to have precipitated the polit-
ical disturbances (Craig, 1989, 123). Finally, there are the voluntarily accepted
rulesby which members of a communal group consent to share certain costs and
benefits. In any society, these rules consist in part of socially approved patterns
of behavior; for example, charity to those in need.9 A new element in Europe
from the mid- nineteenth century was the intervention of popularly elected gov-

8 The idea that there may be a small number of types of social behavior is not unique to Hirshleifer.
Mary Douglas (1982) has proposed a typology ofgroup and grid whereby behavior is determined
by two characteristics: first, the strength of the individual’s affiliation to a closed group; second,
the extent to which his life is subject to external restrictions. As a result there are four ways of
life: egalitarian, individualistic, hierarchical and fatalistic. The first two correspond to Hirshleifer’s
communal sharing and private-rights modes, while the latter two are in effect the dominant and
submissive individuals within his dominance mode. Thompson, Ellis and Wildavsky (1990) have
shown that the notion of a small number of types of society can be traced back through Durkheim
to Montesquieu and Aristotle.

9 Louis Napoleon set an example by donating one-half of his annual salary to the poor (Borneque-
Winandy, 1980, 49).
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ernments to correct perceived market failures. For example, Louis Napoleon’s
government encouraged employers to set up pension funds for their workers. The
State also intervened to provide clean water and sewers to urban residents and
pay the school fees of poor families (Miquet, 1992, 135–136; Borneque-Winandy,
1980, 50).

While any complex society will use all three of these types of allocative infor-
mation, therelative importance of commands, prices and rules can vary greatly.
Since the quantity of resources to be allocated is in the short term fixed,any
increase in the importance of one of these types of allocative information must
be accompanied by a reduction in at least one of the other types. Section 1 be-
low sets out the initial conditions for examining this proposition, first portraying
the political situation in Europe at the time of Charlemagne, then defining the
concept of revolution, and subsequently describing the existing ICT. Section 2
reviews the evidence from four long periods of European history over the fol-
lowing millennium, demonstrating that each burst of revolution was preceded
by a macroinvention in ICT. Finally, Sect. 3 uses game theory to suggest how
the observed innovations in ICT might have triggered revolution by altering the
ranking of the payoffs in the noncooperative game by which a society produces
allocative information.

1. The dawn of Europe

If there is one moment that might mark the birth of an awareness of Europe as
distinct from the successor states of the Roman Empire, it is the period around
750, when the Frankish kings began to intervene politically and militarily south
of the Alps (Davies, 1996, 288–290). Let us examine Europe at that time, the con-
cept of revolution and the existing Information and Communication Technology
(ICT).

Initial conditions

In the eighth century, decision-making in Western Europe was even more highly
centralized than it had been under the later Roman Empire. The Mayor of the
Palace, Pippin III, deposed the last Merovingian ruler in 751 and was anointed
king at Soissons. There was no administrative bureaucracy in the kingdom of
the Franks; rather, power was concentrated in the person of the king. Under
Pippin, the structure of bishoprics, whose appointments the king controlled, was
extended to the Germanic territories east of the Rhine. Similarly, for lay officials,
only Bavaria was allowed a local leader, and even he was obliged to make a
humiliating formal submission to Pippin (Fouracre, 1995, 99).

As for social conditions, the general fall in population and decline of urban
areas already apparent in the later Roman empire had continued under the first
centuries of barbarian rule. By 650, the population of Western Europe had fallen
to one half the level of the early Roman empire (Russell, 1985, 36). The urban
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areas had been most severely affected, particularly north of the Alps, where many
sites had been virtually abandoned. Concerning economic life, with the decline
of the cities, there had occurred a substantial fall in local and long-distance trade.
In the countryside, self-sufficiency was the general rule whether on large farms
cultivated by slave labor or on smaller free holdings (Verhulst, 1995, 488–489).

The concept of revolution

As the next section will show, the most important social, economic, and political
changes in most European states over the past millennium have been concentrated
into short periods. Do they constitute revolutions? Zimmermann (1983, 298) has
offered a definition that would likely be accepted by many social historians:
“A revolution is the successful overthrow of the prevailing elite by a new elite
who after having taken over power fundamentally change the social structure
and therewith also the structure of authority.” He has identified six events in
European history since 1600 which fit this definition: the English revolutions of
1640–1649 and 1688–1689, the French revolutions of 1789, 1830 and 1848, and
the Russian revolution of November 1917. If the time horizon is pushed back
an additional century, the revolt of the United Provinces against Spain studied
should probably be added to this list (Tilly, 1993, ch. 3).

Yet this definition might be overly restrictive. There were other major dis-
turbances, such as the Thirty Years’ War and the 1905 Russian revolution, or
less violent events, such as the Reform Bill of 1832 and the seizure of power
by Mussolini, Hitler and Franco, that also led to rapid social restructuring.10 As
suggested above, revolution might be defined asa rapid change in the relative
importance of commands, prices and voluntarily accepted rules within a society.
Such a definition would encompass any fundamental social change, provided that
it occurred sufficiently rapidly. A corollary is that economic, social and political
revolutions would be seen as interrelated events rather than distinct phenomena.

An important issue is the length of the period to be studied. Recent historical
studies of revolution such as Goldstone (1986, 1991), Zimmermann (1990), and
Tilly (1993) limit themselves to the modern period. However, as the Canadian
economic historian Harold Innis pointed out, equally profound changes occurred
in the Middle Ages. In the twelfth century, the Italian cities were able to free
themselves from the control of the German emperor (Innis, 1951, 22). Subse-
quently, the revolt of the German princes against Frederick II led to the breakup
of the German empire (Innis, 1950, 161). Let us then push the time threshold
back so as to cover the millennium from 950 to 1950.

Information and Communication Technologies (ICTs)

Many previous studies of social transformation over the past millennium overlook
technological change. Which technologies should we consider in discussing early

10 Taylor (1980, ch. 2) studies revolutionary movements in Britain during the second quarter of
the nineteenth century. Tilly (1993, 240) describes the seizure of power by the Fascists and Nazis as
revolutionary outcomes.



The rationality of revolution 83

medieval Europe? Bresnahan and Trajtenberg (1995) have defined as “general
purpose technologies” those techniques that are essential to the operation of a
wide range of production processes and products.11 Several decades ago, Harold
Innis (1950, 1951) argued that what Perez (1985) and Freeman (1994) have
defined as ICTs play such a role, in that they determine how information is
storedover time, how it istransmittedover distance, and how it isdecodedso
as to be understood by those who use it (Dudley, 1995).

To illustrate Innis’s approach, consider each of these dimensions of Europe’s
information system in the early Middle Ages.Storagecosts (including those of
retrieval) are largely fixed costs that are relatively insensitive to the amount of
information to be stored. They depend to a great extent on the complexity of the
coding procedure and on its degree of standardization. In 771, when Charlemagne
became sole ruler of the kingdom of the Franks, such storage costs – essentially,
the expense of training and upkeep of a group of scribes able to read and write in
Latin – were very high. One reason was that in each region of Western Europe,
the spoken Latin had diverged considerably – and differently in each region –
from that of classical times . As a result, spelling often had to be learned for whole
words (i.e. logographically) rather than for individual sounds (i.e. phonetically)
(Wright, 1997, 270). In addition, the absence of punctuation and spacing between
words, along with the use of multiple scripts, many of them hard to read, made
information retrieval difficult (Saenger, 1990, 448).12

Transmissioncosts are to a great extent variable costs, increasing with the
number of copies and the distance over they are to be sent. In the mid-eighth
century, such costs were moderate, consisting of the expense of bringing officials
to the royal court to hear an oral message or of sending outmissi dominici( royal
messengers).13 As for decodingcosts, they depend on the extent of the network
of those able to translate the coding system used for storage and retrieval into
the spoken language. There were signs of a ’linguistic crisis’ in Latin areas
of Carolingian Europe. The spoken language was becoming sufficiently distinct
from written Latin that most people could no longer be considered to be native
Latin speakers (Banniard, 1995, 698–699). Accordingly, the network effects for
written information were sufficiently slight that there were few incentives to learn
to read or write.

11 Lipsey et al. (1998) identify four characteristics of such technologies: they begin simply, they
evolve into more complex forms, they are used for multiple purposes, and they are complementary
to many other technologies.

12 With storage costs high, there had been a sharp decline in literacy from the later Roman Empire.
Data from theCodices latini antiquioresindicate that some 1,750 Latin manuscripts have survived
from the period 0–700 AD in continental Europe, for an average of 25 per decade. However, only
five such documents exist for the half century between 700 and 750, for an average of one per
decade (Ganz 1987, 26–27). Essential information was stored in centralized form in the memory of
the sovereign, backed up by a few written notes (Stock, 1983, 16).

13 These messengers were sent out in pairs – one a lay magnate and the other a cleric – to deliver
commands to a specific region (Heer, 1975, 39).
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2. European revolutions and information technology

In the millennium between 950 and 1950, the major European states underwent a
series of profound changes. Let us examine each in turn, paying particular atten-
tion to accompanying changes in Information and Communication Technology
(ICT).

A contractual revolution

Feudalism, the great social mutation of the Middle Ages, is often dated from
the Carolingian period (see, for example, Cameron, 1993, 45). However, six
decades ago, Bloch (1939/1994, 97–114) suggested that there had been two ages
of feudalism, one beginning in the eighth century, when the Carolingian kings
granted their vassals land in return for military service, and a second starting
in the eleventh century, when feudal lords succeeded in gaining control over all
activity on their territories. More recent research has suggested that the true age
of feudalism was the second, when the lords and their knights were able to bring
formerly free land holdings under their authority (Poly and Bournazel, 1991, 510).
After 1050, first perhaps in Normandy and later in other regions, liegeancy, a
practice permitting a consistent hierarchy of feudal ties, was developed (Ganshof,
1952, 93). In the early twelfth century, systematic use of written charters to
specify rights and obligations of feudal landholders began (Ganshof, 1952, 73).
The development of feudalism was delayed in Germany, where it was based not
on free knights, but onministeriales, a class of educated servile tenants who
appeared first on the estates of the Church (Barraclough, 1984, 81, 138). Finally,
although the price system continued to be used for commercial activity in the
new towns of feudal Europe, both the Church and the guilds of merchants and
artisans, succeeded in establishing enforceable written rules that constrained the
market mechanism.14

Written contracts also began to be used to define the rights of subjects relative
to their sovereigns. If the pope may be considered a spiritual sovereign, the Con-
cordat of Worms of 1122 between the papacy and the German emperor, along
with similar agreements with the French and English monarchs, may be seen as
constitutional documents defining the rights of secular rulers in the nomination
of bishops. Under the treaty of Constance of 1183, German emperor Frederick
Barbarossa granted a series of liberties to the North Italian towns of the Lom-
bard League. King Alfonso IX of Leon in 1188 issued ordinances that granted
important feudal privileges to his nobles (Holt, 1992, 25). In each case, it was
revolt or the threat of revolt on the part of the subjects that led the ruler to bind
himself to a written contract. In the peripheral areas of Europe, these changes
were delayed. It was not until the Golden Bull of 1356, that the German emperor
and princes agreed to a set of written rules for imperial elections. Only in the

14 Verhulst (1995, 504–509) describes the revival of trade that occurred form the seventh century in
both northern and southern Europe. On the functioning of the merchant and craft guilds, see Hibbert
(1971) and Thrupp (1963).
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seventeenth century were the Russian boyars able to establish a stable regime
and a viable written code of law.

The most complete social contract of its day was the English Magna Carta
of 1215, reissued with slight variations in 1216, 1217 and 1225. It contained
the idea of the country as ’the commune of the whole land’ and the king as an
individual whose actions were to be constrained (Clanchy, 1983, 196–197). The
Charter was not limited to political rights; it also set down the feudal conditions
under which land was to be held and transferred, debts would be repaid, goods
would be weighed and measured, and merchants could travel with their wares.
Because of the importance of written documents that specified the responsibilities
and privileges of parties to contracts, these transformations might be described
as acontractualrevolution, under which commands and prices were constrained
in part by voluntarily accepted rules.

What could have set off these decentralizing social, political and economic
changes? In 781, Charlemagne invited Alcuin, an Anglo-Saxon churchman, to
teach at his court. Wright (1982) has demonstrated that Alcuin introduced a
standardized grammar and phonetic pronunciation for spoken Latin that were
distinct from the vernacular of northern Francia. A “correct” spoken language
could be taught only if it were based on a uniform written code. Over the quarter-
century after Alcuin’s appointment as abbot of St. Martin of Tours in 796, that
center played a prominent role in the development of a standardized form of
written Latin.15 A clear, economical minuscule script that had been developed
earlier at the monastery of Corbie in north-western France was polished and
refined – the Carolingian minuscule. Except for a few standard contractions,
letters were detached; uniform spaces twice the width of a letter were left between
groups of words (Saenger, 1990, 449). Sentences were begun with a Roman
capital and ended with a period. At the same time, the compact size of the
characters enabled scribes to write rapidly, placing more words on a page of
expensive parchment than had been feasible with half uncials.

The effect of this standardized writing system was to reduce the fixed cost of
storing information accurately in such a way that it could be retrieved repeatedly
in subsequent periods. As a result, there was a great burst of copying by which
the bible, other religious texts, and secular writings were reproduced, primarily
for monastery libraries. From the ninth century in the Carolingian empire, there
are over 7,000 surviving manuscripts, an increase of 700 times over the number
per decade from the first half of the preceding century (McKitterick, 1994, 221,
235).

As the number of literate people in the Romance-speaking regions increased
over the ninth and tenth centuries, it became possible to replicate the essential
features of the Carolingian court – a system for collecting taxes, administering
justice and maintaining military installations – at increasingly decentralized lev-
els. In the 1020s, there appeared in northern France for the first time documents
that mention three orders of society; namely, those who pray, those who fight,

15 Alcuin’s contribution to the standardization of written forms of Latin is discussed by Wright
(1982, 114–115).
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and those who work (Duby, 1978, 15). East of the Rhine, in the Germanic areas,
the same decentralizing process occurred, but with a delay of perhaps a century.
It was only in the last decades of the eleventh century that the simple structure
of king and nobles was replaced by a complex gradation of power from princes
to counts,ministeriales, and simple knights (Barraclough, 1984, 138).

Stock (1983, 14–18) has described the social impact of increasing literacy in
Latin in Western Europe. As writing gradually began to be used for nonliturgical
purposes, oral communication became increasingly tied to text rather than to
human memory. In the early decades of the eleventh century, he pointed out, there
appeared in the north-Italian cities a new type of official, theiudex , who was
responsible for recording agreements in written form (Stock, 1983, 41). The result
was the emergence of what might be called case law, with the outcomes of notable
disputes being recorded to assist in later interpretation of the legal code (Gibson,
1978, 6). Oral contracts could then be replaced with written contracts that allowed
greater complexity and were more easily enforced. It is probably no coincidence
that the towns of northern Italy took the lead in developing long-distance trade
over land to northern Europe and by sea through the Mediterranean basin. Such
commercial transactions were facilitated by the use of Arabic numerals which
had been introduced in the mid-tenth century.16

The spread of literacy in Latin can also be linked to the appearance of the
first written constitutions. In the second half of the twelfth century, it became a
general practice for children of the English nobility and gentry to be instructed
in Latin (Clanchy, 1979, 196). The final draft of the Magna Carta of the early
thirteenth century was prepared by the barons and the representatives of the city
of London. In short, not only did the spread of literacy in Latin clearly precede
the contractual revolution, but also written documents played an important role
in the development of constitutional government.

In summary, by making possible the preparation and enforcement of written
contracts, the spread of literacy in Latin appears to have played a key role in the
rise of feudalism, the development of civil law, the appearance of constitutional
government and the application of rules that constrained the price mechanism.
The slower diffusion of literacy among the nobility in Germany and Russia helps
explain why written contractual relationships appeared later in these countries.17

A consensual revolution

A second phase of generalized social change in Europe began in the sixteenth
century. Despite frequent internal divisions, the medieval Church had often been
able to contain struggles for dominance among secular rulers while at the same
time limiting the workings of the market. With the Protestant Reformation and
the Counter-Reformation it provoked, however, previous constraints on indi-

16 Technical texts translated from Arabic at this time were the first to separateeveryword by a
large space (Saenger, 1990a, 451).

17 The Cyrillic alphabet used in Russia was developed in the ninth century by Orthodox missionaries
sent from Constantinople to convert the Eastern Slavs.
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vidual action were undermined. The inter-faith struggles of the sixteenth and
seventeenth centuries weakened the broader social roles of religious institutions
in northern Europe. Warfare between emerging national states became endemic,
and internal restrictions on individual behavior broke down. In 1658, for exam-
ple, the province of Holland ruled that bankers who practised usury could not be
denied communion (Davies, 1996, 518).

Accompanying these social changes were equally profound transformations in
economic life. Braudel (1979, 30–40) has described how during the seventeenth
century the markets that had been taken over by the towns quickly outgrew
the space initially allotted to them. During this period, marine insurance and
double-entry bookkeeping, which had been invented in the Italian towns in the
late Middle Ages, became widely used in northern Europe. In the Netherlands,
new institutions such as year-round financial markets, a stock exchange, and
central banking were now developed (Van der Wee, 19, 346). With the increase
in specialization that these advances made possible, a majority of the Dutch
labor force became integrated into the market economy (Slicher van Bath, 1982,
30). These economic developments soon spread from the Netherlands to other
north-European countries.

During this period, the nature of government in European society also
changed. In a system that became known as mercantilism, the state intervened
to encourage the commercial activity of its citizens and hamper that of its rivals.
The development of colonies, the promotion of manufactures, and the levying
of protective tariffs were seen as necessary instruments to favor the extension of
national markets (Davies, 1996, 523). On the expenditure side, there was a rapid
rise in spending on the army and navy as each emerging national state attempted
to expand its territory at the expense of its neighbors. On the revenue side, tax
receipts rose relative to national income, largely through indirect taxation of a
rapidly growing volume of commercial transactions.

As the resources commanded by the state grew, it became increasingly im-
portant for the ruler, whether prince or assembly, to assure the support of a broad
spectrum of the literate population. Bitter intra-state conflicts such as the Eighty-
Years’ War of the Netherlands against the Spanish monarchy (1566–1648), the
Thirty Years’ War in Germany (1618–1648), the English civil war (1642–1648),
and the Glorious Revolution of 1688 were fought over the issue of who best
represented the general interest. Once the issue had been decided, the winning
group was subsequently able to rule largely unconstrained (Davies, 1996, 578).18

18 Tilly (1993) defines the Portuguese revolt against Spain in 1640 as a revolution. However, by
the definition proposed by Zimmermann (1983) the change in elites was not sufficiently important
to constitute a revolution.
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Since a broad consensus was emerging within each major linguistic zone con-
cerning ways of making political and economic decisions, these transformations
might be termed aconsensualrevolution.19

At first glance, there is little evidence of a direct link between ICT and these
early-modern revolutions. The introduction of paper in the thirteenth century and
the invention of the printing press in the mid-fifteenth century are usually given
considerable attention in the history of technology (e.g. Cardwell, 1972, 19–
29). Yet the initial impact of these two great inventions on European society was
slight. In England, for example, only about ten percent of men and one percent of
women were literate in 1500 (Cressy, 1980, 176). The principal reason is that for
the first half-century, three-quarters of all texts printed in Europe were written in
Latin, a language few were able to read (Steinberg, 1955, 81). Although literature
in the vernacular had become popular in the fourteenth century, the absence of
standard spelling, grammar and vocabulary limited its potential market (Chaytor,
1966, ch. 3).

It was only after another exercise in standardization had been undertaken
that the social effects of these innovations began to be felt. By the early six-
teenth century, to persuade non-Latin readers to buy books in the vernacular
languages, authors and printers had begun to avoid regional expressions and
spellings (Hirsch, 1974, 136). As a result, the printed forms of the spoken lan-
guages gradually became standardized around the spoken language of the printing
centers. By 1600, over half of all books were printed in the vernacular (Hirsch,
1974, 132). As Eisenstein (1979, 378–421) has explained, the Protestant encour-
agement of lay literacy helps explain the more rapid development of capitalist
institutions in northern than in southern Europe.20

The availability of printing permitted rapid circulation of the information
required to form alternative coalitions to those in power. The first four decades
of the Netherlands’ revolt against Spain saw a tenfold increase in the number of
pamphlets issued per year (Harline, 1987, 3). During the period of the English
civil war and the Commonwealth, a London bookseller attempted to collect a
copy of every political publication. His collection, which missed many pamphlets
printed by royalist presses, amounted to over 20, 000 items (Aylmer, 1986, 65).
In 1687, a pamphlet warning dissenters of the motives of James II went through
three editions and 20,000 copies in one year (Prall, 1985, 153). There was a
similar explosion of political printing prior to and during the French revolution

19 In France, the wars of the Fronde (1648–1651) during the minority of Louis XIV may be
viewed as an attempted revolution. Owing principally to division between theparlementof Paris
and the dissidents among the nobility, forces loyal to the regent were able to retain power. Over a
century later, during the last years of the reign of Louis XV and that of Louis XVI, similar tensions
arose, but could not be suppressed. As for Spain, the Revolution of 1820 established a constitutional
monarchy, although French intervention and civil war delayed its application until 1837. In Russia,
the Revolution of 1905 also led to the creation of representative institutions.

20 The literacy rate of adult men in England reached approximately 30 percent in 1600 (Cressy,
1980, 177). By 1630, 57 percent of Amsterdam bridegrooms could sign their names (Graff, 1991,
223). In France, literacy lagged behind England by about a century: it was not until about 1700 that
30 percent of bridegrooms could sign their names (Graff, 1991, 193). In Spain, the spread of literacy
lagged behind France by an additional century; in Russia by over two centuries (Cipolla, 1969, 115).
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of 1789. By the 1780s all major French provincial centers had weekly new sheets;
Paris had a daily newspaper, theJournal de Paris, from 1777 (Doyle, 1989, 46).
In addition, there were irregular publications: copies have been preserved of
almost 10,000 political documents printed between 1789 and 1792 (Baecque,
1989, 165).

It may be seen, therefore, that the social changes of the early modern period
were preceded by a macroinvention in ICT – printing in the vernacular. From
the Netherlands and Britain outward, the diffusion of this innovation allowed a
widening of the sphere of transactions generated by atomistic exchange rather
than by command or rule. At the same time, an ever-greater percentage of each
society’s population was able to participate in political decision-making. (Note
that the number of bilateral links in a literate population increases in proportion
to the square of that population.) Finally, in addition to reducing decoding costs
through its effect on literacy, the invention of printing reduced the variable cost
of transmitting information in multiple copies relative to the fixed cost of storing
it.

A preemptive revolution

In the second quarter of the nineteenth, there occurred a set of revolutions of
a new sort. Open insurrection broke out in Paris in July 1830 when Charles X
dissolved the legislature and introduced press censorship. Middle-class liberals
led by Louis Thiers, a newspaper editor, persuaded Louis-Philippe, the Duc
d’Orléans, to replace the discredited king. Elsewhere in Europe, riots in Brussels
in August led to the formation of a provisional government that declared Belgium
to be independent of the Netherlands. Rural rioting in England that autumn
contributed to the fall of the Tories, who had been in power virtually uninterrupted
for almost forty years. After more generalized disturbances the following year, a
Whig government under Lord Grey succeeded in passing the Great Reform Bill
in 1832. In all three countries, the franchise was widened. Sixteen years later, in
1848, as mentioned in the introduction, further revolutionary uprisings in France
spilled over into central Europe. By the time social calm had been restored in the
early 1850s, most of these states had received new constitutions granting limited
power to elected assemblies.21

During this period, political leaders across Western Europe defused social
unrest by granting constitutions that enabled a larger share of the population
to participate in political decision-making. Since their goal in each case was to
prevent the breakdown of social order, these transformations might be described
as apreemptiverevolution. As explained in the introduction, popularly elected
governments began to correct some of the worst abuses of the market system.

21 As with the earlier transformations, the prescriptive revolution was delayed in Spain and Russia.
The army officers who led the Spanish revolution of 1868 conceded universal suffrage in the con-
stitution they issued the following year. In March 1917, military and economic setbacks prompted
Russian army officers and liberal politicians to support a provisional government to replace the tsar
until the election of a constituent assembly under universal suffrage.
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Generally accepted rules such as regulations controlling hours of work and work-
ing conditions and improving urban hygiene limited some of the worst effects
of the unfettered price system. At the same time, government edicts issued in
earlier periods, such as those setting high protective tariffs, that had benefited
small groups at the expense of the rest of the population, were now removed.

How did ICT contribute to this third wave of revolution? By the late eigh-
teenth century, the variable cost oftransmitting information remained little
changed from the fifteenth century. The 15 million newspapers sold in Britain in
1792 were printed on presses whose technology differed little from that devel-
oped by Gutenberg over three centuries earlier (Cranfield, 1978, 139). Over the
first half of the nineteenth century, however, a series of inventions had the effect
of steadily reducing the cost of reproducing information.

Around 1800, the metal press developed by Lord Stanhope doubled the num-
ber of pages that a single printer could prepare per hour, from 300 to 600 (Bel-
langer, 1969, v. 1, 18). In 1814,The Timesinstalled a steam- operated metal press
developed by Friedrich Koenig that tripled the rate of production to 2,000 pages
an hour (Bellanger, 1969, v. 2, 15). Then, in the following decades, the rotary
press and typecasting further increased the efficiency of mechanized printing.
Total British newspaper circulation rose to almost 80 million in 1848.

The new steam-driven presses were quickly adopted by continental printers.
By 1846 Paris had 23 daily newspapers, the largest of which,Le Sìecle, had a
circulation of over 30,000 (Bellanger et al., 1969, 146). The press proved the
ideal vehicle for publicizing a series of banquets organized in 1847 and 1848
by the opposition. When the government intervened to forbid a great banquet
to be held on February 22 1848, the opposition papers appealed to the National
Guard (Bellanger et al., 1969, 143–144). Its fraternization with those who had
set up street barricades was sufficient to bring down the July monarchy. By
the fall of that year, however, most of the press called for a return to order
and stability, supporting the campaign of Louis Napoleon to become the first
president under the constitution of the Second Republic. He received over 75
percent of the votes cast. Three years later, most papers approved his request
for a constitutional amendment that would allow him to run for a second term.
When this request was refused, most papers either approved or acquiesced to the
coup of December 1851 (Bellanger et al., 1969, 222– 248).

It may be seen, therefore, that the preemptive revolution of the nineteenth
century was preceded by an innovation that cut the variable cost of reproduc-
ing information and transmitting it relative to the fixed cost of storing it. These
changes favored a partial re-centralization of social decision-making under which
rules to constrain individual action would be drawn up by the elected represen-
tatives of a majority of the population.22

22 With regard to network effects, literacy rates changed slowly in this period, while growing social
stratification by wealth began to break down the consensus reached within the national linguistic
networks created in the preceding period (Craig, 1989, 151).
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A prescriptive revolution

By the early twentieth century, the formation of mass parties, each appealing
to a particular social stratum within the state, was accompanied by the growing
power of government agencies. In the 1880s, a new dimension had been added
to political life when Bismarck had introduced compulsory sickness, accident
and pension insurance in an attempt to generate support for the state among
German workers. A coalition of left and center parties in France brought in
voluntary unemployment insurance in 1905. In the United Kingdom, the Liberal
government of Lloyd George introduced the National Insurance Act of 1911
which provided for compulsory employment and health insurance (Flora and
Alber, 1982, 59). In Russia, the Revolution of November 1917 gave one of these
mass parties a monopoly over political power for the first time. By the eve of the
Second World War, single-party regimes were also in place in Italy, Germany
and Spain and in many smaller countries.

Within the economy, too, as the scale of firms increased, commands issued
within hierarchies increasingly replaced the price system as a means to allocate
resources. For example, a contemporary observer, Paul Lindberg, commented
on Berlin in the late 1880s, “If we quickly glance at commerce and industry in
Berlin, we are struck by the gigantic size of most enterprises. ... These ’workshops
of the modern Cyclopes’ supply a large portion of the demand both in Germany
and abroad (Raff, 1988, 178).” In Europe, as in the United States, an important
advantage of such large-scale enterprises was their capacity to internalize the
returns from scientific research (Inkster, 1991, 113).

For this final set of major changes in political institutions, individuals saw
large organizations – mass political parties, state agencies and large corporations
– play an increasing role in their lives in the place of family and community
groups. Each citizen had only to submit to the directives issued by party leaders,
government officials or plant managers to be assured of the means of support
and protection. Accordingly, this fourth set of transformations could be termed
a prescriptiverevolution.

Once again, the social changes were preceded by the diffusion of a new set
of ICTs. After 1850, techniques were introduced that enabled paper to be made
cheaply from chemically treated wood pulp (Magee, 1997). Further improve-
ments in the efficiency of printing and typesetting came with the cylinder press,
the stereotype, the linotype machine, and the electric motor. Between 1850 and
1900, networks of railway and telegraph lines were built across Europe; the first
permanently successful transatlantic cable was completed in 1866. The effect of
these innovations was to lower further the variable cost of transmitting infor-
mation relative to the fixed cost of storing it, thereby favoring centralization.
News could be gathered almost instantly from the four corners of the world and
distributed to a mass audience in a few hours.23

23 By the end of the nineteenth century, the EnglishDaily Mail sold a million copies daily at
one halfpenny. In other major European cities, newspapers with circulations of over 100,000 were
common.
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There remains the question of changes in the relative importance of network
effects. The period between 1850 and 1914 also saw a great expansion in public
education in Europe. By the First World War, over 90 percent of Western Europe’s
population was able to read and write (Graff, 1991, 378). What proportion of the
newly literate were able to use their skills actively to acquire written information
and exchange it with others is an open question. Among the working class in
England, for example, literacy continued to play a small part in daily life (Graff,
1991, 332–333). Meanwhile, divisions within each society continued to grow in
importance (Craig, 1989, 242–243)

This brief survey of the intervals of rapid social change over the millennium
of European history from 950 to 1950 indicates that macroinventions in ICT pre-
ceded each of the transformations described in the previous section. In addition,
there was a clear link between the characteristics of these technologies and the
type of institutional change that occurred.

3. Information technology and social structure

One of the essential characteristics of the information used to organize a society
– defined in the introduction asallocative information – is its nonrivalry; that
is, consumption by an additional person generally does not reduce the amount
available to other individuals. However, as mentioned in Sect. 1, such information
has three additional characteristics that distinguish it from a classic public good
(such as defence): it can be stored, it can be transmitted, and it can be transformed
through codification.24 The implications of these characteristics for the social
changes described in Sect. 2 may be analyzed formally with an adaptation of
a model of collective-goods production proposed by Heckathorn (1996). LetV
be the value of one unit of allocative information in vulgarized form,Q the
number of such units produced,K the cost to the individual of contributing to its
production, storage, transmission and decoding, and n the fraction of the group
that participates in the financing of the good. A society can then be modeled
as a set of binary interactions between individuals, with the optimal quantity of
information required to coordinate the interaction between any two interacting
agents arbitrarily assigned the value of one. Each set of interactions consists of a
noncooperative game played repeatedly (but for an uncertain number of times).

Three configurations for producing allocative information

Consider first a system for producing allocative information in which the fixed
cost of storage is negligible relative to the variable cost of transmission, the

24 Variations in these characteristics can transform the nature of information. When decoding and
storage costs are low, information is a pure public good. However, when decoding costs are high (with
low storage costs), it is possible to exclude people from consumption. In the latter case, information
has the properties of Buchanan’s (1965) club goods. When both storage and decoding costs are high,
information becomes much like a private good.
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Fig. 1. Three information-technology configurations

latter set to the value of one. Assume that decoding costs are sufficiently high
for network externalities to be negligible. We may represent such a system in
simplified form by the following function:

Q = n . (1)

If no one contributes to the financing of such information, production is zero; if
all participate, production is 1. Between these two extremes, information output
rises in proportion to the share of the group that participates. In Fig. 1,n is
shown on the horizontal axis andQ on the vertical axis. This technology is
represented by the straight line running diagonally across the graph, indicating no
advantages to centralization. An example might be the scriptorium of a medieval
abbey communicating in standardized Latin to request aid from a sister house in
order to help its members cope with a crop failure. Rules for sharing (perhaps a
promise of future help under similar conditions) would be the principal content
of the message sent.

Consider next an information system in which fixed storage costs are high
relative to variable transmission costs. Let the parameter c capture the relative
importance of fixed costs in the production of information.25 The quantity of
information will be a decreasing function of c and an increasing function of n.
To normalize, multiply byc + 1.

Q = (c + 1)
1

c + 1/n
. (2)

25 In Heckathorn (1996), a single parameter determines the shape of the production function for
the collective good. Here, in order to capture the special characteristics of information, the shape of
the production function depends on two parameters. In equation (2), forn ≥ 0.5, the greater the
fixed-cost parameter,c, thesmalleris the additional output of information from a greater participation
in its financing (the production function becomes more concave). In equation (3), these fixed-cost
effects are offset by the externalities parameter, e. For higher levels of participation, the greater is
e, the larger is the additional output from extra participation (the production function becomes more
convex).
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Note that if c = 0, equation (2) collapses into equation (1). Once again, if no
one contributes, production is zero; if all participate, production is 1. Because of
the fixed costs, however, the production of the public good is now a decelerating
(concave) function of the participation rate,n. The upper curve of Fig. 1 with
its strong scale economies displays this function for the case ofc = 4. An
example might be a Soviet planner communicating from Moscow by telegraph
with dispersed plant managers under the First Five-Year Plan in the late 1920s.
Because the technology favors centralization, the message content would take
the form of commands; for example, production targets to be met.

Finally, allow the cost ofdecoding information to be low relative to the
variable transmission cost. Each user who adopts such a communications medium
confers a benefit on those who already use the medium, since each of the latter
can now communicate with an additional correspondent. These network effects,
en, where e is a positive constant, offset the fixed- cost parameter, c, of the
preceding formulation. Normalize by multiplying byc + 1 − e to obtain the
following specification for the production function:

Q = (c + 1 − e)
1

c + 1/n − en
. (3)

When e, the network-effect parameter is zero, equation (3) takes the form of
equation (2). As with the two previous functions, production is zero if no one
contributes, and one if all contribute. Ife is sufficiently large, network effects
outweigh fixed costs and the production function is convex inn. As indicated
in the lower curve of Fig. 1, the production function is now accelerating rather
than linear or decelerating. An example is the circulation of market information
among a group of Amsterdam merchants able to read and write in Dutch in
the early seventeenth century. The main content of the messages would prices,
quantities and dates. As the number of literate traders increases, the opportunities
for complex transactions such as acceptance of foreign bills of exchange, futures
trading and stock trading widen, conferring benefits on all participants (de Vries
and van der Woude, 1997, 147–154, 170).

Three games of social interaction

Through their interactions, the members of a society determine not only the type
of allocative system but also who pays for its upkeep. As Heckathorn (1996)
has shown, there are three possible levels of production of the collective good,
information, and four levels of payoffs to the players. If both players contribute,
n = 1, and from (3), information production is 1. Each player receives the Reward
payoff:

R = V − K .

In the normal-form representation of the game in Table 1, this payoff corresponds
to the outcome where both players cooperate.

When one player defects while the other cooperates, thenn = 1
2, and from

(3), production is:
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Table 1. Matrix of payoffs to player 1a

Player 2’s strategy

Player 1’s strategy Cooperate Defect

Cooperate Reward (R): Sucker (S):

V − K V (c + 1− e)/2
c/2 +1 − e/4 − K

Defect Temptation (T): Penalty (P):

V (c + 1− e)/2
c/2 +1 − e/4 0

a If player 1 receives eitherR or P, player 2 receives the same amount. If player 1 receivesS(T),
player 2 receivesT(S)

(c + 1 − e)/2
c/2 + 1 − e/4

.

If it is player 1 who has defected, he receives the Temptation payoff of

T = V
(c + 1 − e)/2
c/2 + 1 − e/4

.

If player 2 has defected, player one receives the Sucker payoff:

S = V
(c + 1 − e)/2
c/2 + 1 − e/4

− K .

Finally, if both players defect, thenn = 0, and once again from (3), information
production is zero. In this case of social breakdown, both players receive the
Penalty payoff ofP = 0.

As is well known, the nature of the game will be determined by the relative
ranking of these four payoffs. The interesting element here is that these rankings
depend on the information and communications technology (ICT). Under the
technology represented by equation (1), fixed costs and network effects are both
zero (c = e = 0) and production is a linear function of participation. For example,
with the value of the public goodV = 6 and participation costK = 4, the Sucker
payoff is less than Penalty (P > S) and the Temptation payoff is greater than
Reward (T > R). As a result, in a one-shot game, it would be in the interest
of each player to defect, regardless of the strategy of the other. In a repeated
setting, however, a threat of refusal to cooperate with a player who has previously
defected, as under a tit-for-tat strategy, will be sufficient to induce cooperation
(Heckathorn, 1996). This is the game of Prisoner’s Dilemma, shown in the middle
panel of Table 2. This is the type of interaction to be found in Hirshleifer’s (1980)
communal-sharing society.

Turn now to an ICT in which the fixed costs of transmission are important
(c > 0). Once these fixed costs have been met and the resulting scale economies
obtained, there is little further gain in production from additional participation.
As a result, the Sucker payoff is higher than Penalty (S > P). We therefore have
the game of Chicken, as shown in the upper panel of Table 2. Here, if one player
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Table 2. Examples of three games with production of information

Player 2’s strategy

Player 1’s strategy: Cooperate Defect
Cooperate (2, 2) (1, 5)
Defect (5, 1) (0, 0)

(a) Chicken (c = 4, e = 0)

Player 2’s strategy

Player 1’s strategy: Cooperate Defect
Cooperate (2,2) (−1,3)
Defect (3,−1) (0, 0)

(b) Prisoner’s dilemma (c=0, e=0)

Player 2’s strategy

Player 1’s strategy: Cooperate Defect
Cooperate (2, 2) (−3, 1)
Defect (1,−3) (0, 0)

(c) Assurance (c = 2, e = 2.5)
V=6, K=4 Nash equilibria are underlined.

has already chosen to defect, it is in the interest of the other to cooperate. This
structure is characteristic of Hirshleifer’s (1980) dominance mode.

In a third type of technology, there are strong network effects from additional
participants (e > 0). Because of the accelerating form of the production function,
there is a considerable loss of production when a single player decides to defect.
As a result, the Temptation payoff falls below the Reward payment (T < R).
Neither player individually has an incentive to move away from the Penalty
outcome. However, if each is confident that the other will cooperate, then they
will together choose the cooperative solution. This is the game of Assurance
shown in the lower panel of Table 2. Unlike the game of Prisoner’s Dilemma,
neither player will be tempted to deviate from the cooperative solution. Such
cooperation without enforcement is essential for Hirshleifer’s (1980) third form
of sociality, based on tradeable property rights, to function efficiently.

Revolutionary dynamics

In the Assurance and Prisoner’s Dilemma games, the pairings between individuals
may assumed to be random, whereas in the Chicken game, it may be supposed
that a number of submissive players interact individually and independently with
a single dominant player. Although this binary specification cannot explain the
precise process by which a society moves from one equilibrium to another, it
may nevertheless be used to characterize the basic forms of social structure and
the conditions under which they break down.26

26 Suppose, for example, B and C are playing Chicken independently with A, who is dominant
in both relations. Consider a coalition between B and C to overthrow A in which B would be the
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Fig. 2. Information technology and the nature of social interaction

By changing the ranking of the four payoffs, innovations in ICT will affect
the nature of social interaction. In Fig. 2, the ratio of fixed to variable costs in
the production of allocative information,c, is plotted along the horizontal axis,
while the ratio of network effects to variable costs,e, is measured vertically.
The three examples of Chicken, Prisoner’s Dilemma and Assurance from Table
2 appear here as the pointsC , P and A respectively. The distinction between
Chicken and Prisoner’s Dilemma depends on the relative values of the Sucker
and Penalty payoffs. Consider the values ofc and e for which S = P. From
Table 1, we have:

V
(c + 1 − e)/2
c/2 + 1 − e/4

− K = 0 . (4)

Let k = K/V .
(1 − k)c − (1 − k/2)e − (2k − 1) = 0 (5)

This equation is plotted as the boundaryS = P in Fig. 2. To the right of this line,
fixed costs are high enough to produce the game of Chicken (S > P); to the
left, they are sufficiently unimportant to yield the game of Prisoner’s Dilemma
(S < P).

Whether the game is Prisoner’s dilemma or Assurance is determined by the
relative values of the Temptation and Reward payoffs. From Table 1, the values
of c ande for which T = R are given by:

kc −
(

1
2

+
k
2

)
e + 2k − 1 = 0 (6)

new dominant player. As long as the payoffs in Table 2a continue to hold, C would have nothing
to gain. As a result, the initial equilibrium would continue to be viable. Should Sucker fall below
Punishment, however, the situation changes dramatically. Both B and C then have an incentive to
defect simultaneously in their relation with A. In addition provided that they can punish defection,
cooperation between B and C now becomes feasible.
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In Fig. 2, this equation corresponds to the lineT = R. Above this boundary,
network effects are sufficiently important to remove the temptation to defect
once the players have reached the cooperative solution. We therefore have the
Assurance game (T < R). Below, however, network effects are sufficiently slight
to create the Prisoner’s Dilemma (T > R).27

Consider how the sequence of innovations in ICT described in the preceding
section will affect the equilibrium strategies chosen by the players. Let us assume
that one of the two players has the right to choose first whether to change
his strategy with respect to the preceding round. He will be referred to as the
dominant player (player 1), while the other, who has the second choice, will
be called the submissive player (player 2).28 In accord with the assumptions of
Brams (1994), play begins when neither player wishes to change his strategy.
Suppose that initially there are high fixed costs for information storage. The
society may be represented by a point such asC in Fig. 2. Since the Sucker
payoff of 1 is higher than Penalty of 0, as indicated in the lower quadrants
of Table 2(a), the submissive player will cooperate when the dominant player
defects. This game corresponds to the relationship between the Frankish nobles
and their king in the mid-eighth century described in Sect. 2. Given the high cost
of storing information, it was optimal to centralize decision-making in the person
of Pippin III.

Suppose now that there is an innovation that reduces fixed costs of infor-
mation processing, such as the medieval example of standardized Latin. As the
fixed-cost variable,c, falls, the society moves to the left until it reaches the point
r 1, where it crosses theS = P boundary. With the Sucker payoff below Penalty,
the player who hitherto has submitted will be tempted to defect. From Table
2(b), it may be seen that the Nash equilibrium of the new game of Prisoner’s
Dilemma is joint defection. As the Folk Theorem states, the cooperative solution
can be sustained when under infinite or randomly ended interaction the threat of
future reciprocation offers a means of punishing potential defectors (Rasmusen,
1989, 91–93).29 Over the thirteenth century, the English king and barons played
this game repeatedly until the restrictions on royal power in the Magna Carta
came to be generally accepted and enforced (Maddicott, 1994). Here, then, is an
explanation for thecontractualrevolution of the high Middle Ages described in
the preceding section.

27 There is yet a third boundary which constrains the Temptation payoff to be greater than that of
Penalty. With the production function of equation (3), the condition ise < c + 1.

28 Since the equilibrium payoffs are symmetric in the Prisoner’s Dilemma and Assurance games,
the order of play has no impact on the outcome and may be considered to be decided by a coin
toss. In the Chicken game, however, the order of play does affect the players’ payoffs. The right to
declare one’s strategy first must be assumed to be decided outside the game. In the Middle Ages,
a player’s lineage and his military capabilities were important factors in determining precedence. In
revolutionary Russia, a player’s skills as an orator and pamphlet writer appear to have been important.

29 The choice between the joint-Penalty and joint- Reward equilibria is analogous to the distinction
between an individualist and a collectivist strategy for gathering information, as modeled by Greif
(1994) in his comparison of eleventh-century Genoese and Maghribi traders. Witt (1996) explains
the emergence of cooperation by an evolutionary framework.
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In the new equilibrium at a point such asP in Fig. 2, because of the high
cost of decoding information, network externalities are low relative to the fixed
cost of storage and the variable cost of transmission. Accordingly, there will be
an incentive to search for ways to reduce the cost of decoding information. As
the example of printing in the vernacular shows, the result of such an innovation
will be an increase in network effects. If such effects are sufficiently strong, the
society will cross theT = R threshold at a point such asr 2. In the Assurance
game, the upper quadrants of Table 2(c) show that the Reward payoff of 2 is
higher than that of Temptation payment of 1. Punishment is no longer needed
since the cooperative outcome, once reached, is a Nash equilibrium. Both players
will agree to dismantle the previous punishment structure. A typical configuration
for the Assurance game is given by the pointA in Fig. 2. This second type of
mutation offers an explanation for theconsensualrevolution described above
that shook the Netherlands in the late sixteenth and early seventeenth centuries.
Owing to the powerful network effects of literacy in the vernacular, a noble like
William of Orange had more to gain by collaborating with Calvinist commoners
in the creation of an independent state than by defecting to the Spanish crown.

With decoding and storage costs low, there will now be pressure to reduce the
variable costs of transmission. As innovation proceeds in this direction, the cost
of center-periphery communications falls relative to that of local communication
along the periphery. Consequently, at some point, the importance of network
effects will have fallen sufficiently to cause the Temptation payoff to rise again
above Reward. Atr 3 in Fig. 2, with the disappearance of the former common
interest in cooperation, the society crosses theT = R boundary from above.
There is yet another type of revolution as first the dominant player and then the
submissive player threaten to defect. Once again, the society has to resolve a
Prisoner’s Dilemma. Joint cooperation in a repeated game can be assured only if
there is a threat of punishment to keep players from deviating. In this way one
can understand thepreemptiverevolution of the middle decades of the nineteenth
century undertaken to avoid the costs of social breakdown. In nineteenth-century
France, as indicated in the introduction and Sect. 2, the consensus of the earlier
revolutionary period broke down when powerful interest groups, each supported
by one or more newspapers, attempted to divert the society’s growing wealth in
their own favor. The crisis was resolved when landowners, the middle classes,
peasants and many workers agreed to support the 1852 constitution decreed by
Louis Napoleon that created a lower legislative chamber, theCorps ĺegislatif,
elected by universal manhood suffrage. In effect, the dominant player offered to
bind himself by enforceable constitutional constraints.

Should further innovations in transmission be strong enough to further weaken
network effects, the society may pass below theS = P frontier. At r 4, there is
a revolution, as once again the Chicken game calls for one player to impose
himself on the other. Theprescriptiverevolution of the late nineteenth and early
twentieth century, in which individuals allowed their lives to be determined by
decisions of government bureaus and mass political parties may be explained in
this manner. An example from Sect. 2 was the willingness of most Russians to
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support Lenin rather than defect to the Whites in the years immediately following
the 1917 Bolshevik coup, despite desperate economic conditions.

To summarize, from 950 to 1950, the production process for the information
used to allocate resources in Europe described a complete cycle through Hir-
shleifer’s (1980) three forms of sociality. Initially, under a predominantly oral
information system, fixed costs were high relative to network effects and variable
costs. Accordingly, it was rational for most players to submit to the commands
of a single individual. Then, prior to the year 1000, the standardization of written
and spoken Latin reduced the fixed costs of storing information, thereby provid-
ing an incentive to negotiate enforceable rules that would induce cooperation.
After 1500 the wide diffusion of standardized printed forms of the vernacular
within national linguistic zones lowered the cost of decoding information. The
resulting network effects made previous sharing arrangements promoted by the
Church, guilds and other associations unnecessary. The exchange of property
rights under the price system consequently expanded at the expense of rules.
Over the first half of the nineteenth century, the spread of mechanized print-
ing raised the fixed cost of information processing. Society moved back into
a situation of potential conflict, where enforceable rules in the form of written
constitutions were necessary to assure mutual cooperation. By the early twenti-
eth century, further technological developments in this same direction convinced
large numbers of people to submit to the directives of a few leaders. In each case,
as the new technology evolved, there was some point at which a small change
in parameters was sufficient to cause rational individuals to realign their patterns
of social interaction.

4. Conclusion

This paper has shown that each of the four main periods of European history ex-
perienced a distinct type of transformation in social relations. In the high Middle
Ages, society was restructured through the decentralized use of written contracts
– acontractualrevolution. In the early modern period, a broad consensus formed
within each national linguistic zone – aconsensualrevolution. In first half of
the nineteenth century, dominant groups conceded reform in order to quell social
disturbances – apreemptiverevolution (e.g. the events of 1848). Finally, in the
twentieth century, mass organizations offered individuals security in exchange
for many of their rights – aprescriptiverevolution.

Each of these revolutions was shown to have followed the diffusion of a
macroinvention in ICT that favored the observed changes. By reducing the cost
of storing information, standardized Latin favored decentralization. Printing in the
vernacular enabled large numbers of individuals to form national communications
networks. By sharply cutting transmission costs, the steam-powered printing press
enabled all citizens to participate in the choice of ways to correct perceived
market failures. Dramatic decreases in the cost of printing in the later nineteenth
century created a mass audience prepared to sacrifice individual rights for greater
security.
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Finally, these innovations appear to have triggered revolution by changing the
relative importance of commands, rules and prices in the allocation of a society’s
resources. The contractual revolution may be explained by an innovation that
reduced the fixed costs of storing information, allowing enforceable rules to take
the place of commands. The consensual revolution occurred when the diffusion of
a technology with strong network externalities enabled the prices of exchangeable
property rights to increase in importance at the expense of voluntarily accepted
rules. Subsequent innovations that raised the relative importance of fixed costs
triggered successive preemptive and prescriptive revolutions as first enforceable
rules and then commands constrained the price mechanism.
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